
Listing of the Plenary, Oral and Poster presentations of the
Abstracts of the 2019 American Brachytherapy Society Annual

Meeting, June 13-15, 2019

SCIENTIFIC SESSION: GYN PROFFERED PAPERS I
Thursday, June 13, 2019
8:00 AM - 9:00 AM

PP01 Presentation Time: 8:00 AM

Needle-Free 169Yb-Based Rotating Shield Brachytherapy for

Cervical Cancer

Karolyn Hopfensperger, The University of Iowa

PP02 Presentation Time: 8:09 AM

Clinical Translation of a Quantitative Oxygen Sensor for HDR

Cervical Cancer Brachytherapy

Gregory Ekchian, Massachusetts Institute of Technology

PP03 Presentation Time: 8:18 AM

MRI-Based Radiomic Fingerprint in Cervical Cancer: A New

Predictor for Progression-Free Survival

Hina Saeed, MCW

PP04 Presentation Time: 8:27 AM

CT and Template-Guided 125I Seed Implantation on Pelvic

Recurrent Cervical Cancer

Bin Huo, The Second Hospital of Tianjin Medical University

PP05 Presentation Time: 8:36 AM

Custom Applicator Design and Manufacture Automation for

Interstitial Gynecological Brachytherapy

Michael Kudla, The University of British Colombia - Okanagan

PP06 Presentation Time: 8:45 AM

Comparison of Deformable Pre-Brachytherapy MRI, CT, and Every

Fraction MRI-Based Brachytherapy Treatment Planning for Locally

Advanced Cervical Cancer

Sarah Stephens, Duke University Medical Center

SCIENTIFIC SESSION: PROSTATE PROFFERED PAPERS I
Thursday, June 13, 2019
9:00 AM - 10:00 AM

PP07 Presentation Time: 9:00 AM

Long Term Results from a Prospective Randomized Trial of 131Cs vs
125I Permanent Prostate Brachytherapy

Manuj Agarwal, University of Maryland School of Medicine

PP08 Presentation Time: 9:09 AM

Long-Term Oncologic Outcomes of Low Dose Rate Brachytherapy

Compared to Hypofractionated External Beam Radiotherapy for

Intermediate Risk Prostate Cancer

Noelia Sanmamed, Princess Margaret Cancer Center

PP09 Presentation Time: 9:18 AM

Multi-Tasking Neural Networks for Anatomy Segmentation in

Prostate Brachytherapy MRI

Jeremiah Sanders, MD Anderson Cancer Center

PP10 Presentation Time: 9:27 AM

Outcomes of Men with Gleason Grade Group 4 and 5 Disease

Treated with Prostate Brachytherapy

Nelson Stone, The Icahn School of Medicine at Mount Sinai

PP11 Presentation Time: 9:36 AM

Racial Differences in the Role of the PSA Bounce in Predicting

Prostate Cancer Outcomes after Radiotherapy: Evidence from the

Department of Veterans Affairs

Alexander Slade, Virginia Commonwealth Univ

PP12 Presentation Time: 9:45 AM

Declining Resident Exposure to Interstitial Prostate Brachytherapy:

An Analysis of ACGME Case Logs from 2007-2018

Ashwin Shinde, City of Hope

SCIENTIFIC SESSION: PHYSICS PROFFERED PAPERS
Thursday, June 13, 2019

3:00 PM - 4:00 PM

PP13 Presentation Time: 3:00 PM

Alpha DaRT: Practical Dosimetry

Lior Arazi, Ben-Gurion University of the Negev

PP14 Presentation Time: 3:09 PM

Development and Clinical Validation of a 3D Ultrasound System for

Permanent Breast Seed Implant Brachytherapy

Claire Zhang, BC Cancer - Kelowna

PP15 Presentation Time: 3:18 PM

Iridium Imaging System (IrIS): Example of a Novel Applicator

Commissioning Method

Gabriel Fonseca, Maastricht University

PP16 Presentation Time: 3:27 PM

A High-Performance Dosimetry System for In Vivo HDR

Brachytherapy: Real Time Source Tracking and Dose Measurements

Haydee Linares Rosales, CHU de Quebec-Universit�e Laval

PP17 Presentation Time: 3:36 PM

An Improved Optimization Algorithm for Brachytherapy HDR

Treatment Planning

Christopher Deufel, Mayo Clinic

1538-4721/$ - see front matter
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PP18 Presentation Time: 3:45 PM

Pharmacokinetics and Dosimetry for Normal Organs/Tissues of

Vector Labeled 225Ac and Daughter Radionuclides

Robert Hobbs, Johns Hopkins Medical Institutions

SCIENTIFIC SESSION: PHYSICS SNAP ORALS
Thursday, June 13, 2019

4:15 PM - 5:15 PM

PHSOR01 Presentation Time: 4:15 PM

MR-Compatible Intensity Modulated Brachytherapy Applicator for

Cervical Cancer

Marc Morcos, Johns Hopkins Medicine

PHSOR02 Presentation Time: 4:20 PM

3D Printed Individually Customized High-Dose-Rate Brachytherapy

Applicator for Treatment of Chronic Digital Psoriasis

Amandeep Taggar, Sunnybrook Odette Cancer Center

PHSOR03 Presentation Time: 4:25 PM

Predicting Deliverability for Nasobiliary High Dose Rate

Brachytherapy Patients: A Retrospective Evaluation of Patient

Catheter Curvature and Comparison with QA Results

Birjoo Vaishnav, Mayo Clinic

PHSOR04 Presentation Time: 4:30 PM

Towards an Ultra-Fast GPU-Based Multi-Criteria Optimization

Algorithm for HDR Brachytherapy

C�edric B�elanger, Universit�e Laval

PHSOR05 Presentation Time: 4:35 PM

Automatic Detection of Catheter Reconstruction Error,

Misconnection, and Inter-Fractional Catheter Displacement in High-

Dose-Rate Interstitial Brachytherapy: Data Analysis for an

Electromagnetic Tracking System

Amelie Tourais, Polytech Marseille

PHSOR06 Presentation Time: 4:40 PM

The Theoretical Benefits of a 15 Ci Ir-192 Source for HDR

Brachytherapy

Christopher Tien, Yale University School of Medicine

PHSOR07 Presentation Time: 4:45 PM

Comparisons of PET/CT snd SPECT/CT Imaging Following

Transarterial Radioembolization

William Dezarn, Wake Forest Baptist Health

PHSOR08 Presentation Time: 4:50 PM

Radiobiological Implications of an Electronic Brachytherapy

Technique for Intra-Operative Treatment of Uveal Melanoma with

Vitreous Replacement

Timothy Waldron, University of Iowa Hospitals & Clinics

PHSOR09 Presentation Time: 4:55 PM

Dosimetric Characterization of a New 169Yb Source for High Dose

Rate Brachytherapy

Gabriel Famulari, McGill University

PHSOR10 Presentation Time: 5:00 PM

Using In Vivo Dosimetry Measurements and Ultrasound Skin Bridge

Readings to Create a Prediction Model for Absorbed Dose to the

Skin during Intraoperative Breast Radiation Therapy

Patrik Brodin, Albert Einstein College of Medicine and
Montefiore Medical Center

PHSOR11 Presentation Time: 5:05 PM

Evaluation of OARtrac Real-Time In Vivo Dosimetry for High Dose

Rate Prostate Brachytherapy

Mary Braswell, Banner MD Anderson

PHSOR12 Presentation Time: 5:10 PM

Feasibility of Using Multiple Positions in Leipzig Applicator to

Increase Target Coverage

Christopher Tien, Yale University School of Medicine

SCIENTIFIC SESSION: MISCELLANEOUS PROFFERED PAPERS
Thursday, June 13, 2019

5:15 PM - 6:30 PM

PP19 Presentation Time: 5:15 PM

An Evaluation of Gender Equity in the American Brachytherapy

Society

Diana Lu, Cedars-Sinai Medical Center

PP20 Presentation Time: 5:24 PM

National Patterns of Care and Under-Utilization of Radiation for

Early-Stage Penile Cancers

Zachary Horne, Allegheny Health Network Cancer Institute

PP21 Presentation Time: 5:33 PM

Utilization of Brachytherapy for Early Stage Oral Cavity Cancers in

the United States

Corbin Jacobs, Duke University

PP22 Presentation Time: 5:42 PM

Development of the GEC ESTRO/ABS Guidelines for Rectal

Brachytherapy

Alexandra Stewart, Royal Surrey County Hospital

PP23 Presentation Time: 5:51 PM

Initial Results of the First Clinical Trial of a Novel Unidirectional

Permanent Device for Intraoperative Brachytherapy

Abraham Wu, Memorial Sloan Kettering Cancer Center

PP24 Presentation Time: 6:00 PM

A Simulation-Based Education Program for Permanent Breast Seed

Implant Brachytherapy

Michael Roumeliotis, University of Calgary

PP25 Presentation Time: 6:09 PM

Systematic Review of Intensity-Modulated Brachytherapy (IMBT):

Static and Dynamic Techniques

Cameron Callaghan, University of Iowa

PP26 Presentation Time: 6:18 PM

Results of the American Brachytherapy Society (ABS) Culture of

Safety Practice Survey

Neil Taunk, University of Pennsylvania

PP27 Presentation Time: 6:27 PM

Clinical Implementation of Automated Treatment Planning

Including 3D Printable Applicators in Complex Skin

Brachytherapy

Christian Guthier, Brigham and Women’s Hospital and Dana-
Farber Cancer Institute, Harvard Medical School
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SCIENTIFIC SESSION: GYN PROFFERED PAPERS II
Friday, June 14, 2019

9:00 AM - 10:00 AM

PP28 Presentation Time: 9:00 AM

Radiotherapy Practices in Post-Operative Endometrial Cancer:

A Survey of the ABS Membership

Kevin Martell, Sunnybrook Health Sciences Centre

PP29 Presentation Time: 9:09 AM

Development and Pilot of a Cervical Cancer Brachytherapy

Simulation Training Program for Graduate Medical Education

in Radiation Oncology

Lisa Singer, Harvard Medical School

PP30 Presentation Time: 9:18 AM

Results of a Gynecologic Brachytherapy Simulation Course

Designed to Improve Radiation Oncology Trainees Skills and

Confidence

Eric Donnelly, Northwestern Medicine

PP31 Presentation Time: 9:27 AM

Longitudinal Analysis of Resident Exposure to Brachytherapy in

Gynecologic Malignancies from 2007-2018

Richard Li, City of Hope Medical Center

PP32 Presentation Time: 9:36 AM

Low-Dose 3-Fraction Adjuvant Vaginal Brachytherapy for

Early-Stage Endometrial Cancer

Gabriela Alban, Dana-Farber Cancer Institute/Brigham and
Women’s Hospital

PP33 Presentation Time: 9:45 AM

Risk of Ureteral Stenosis after 3D MRI-Based Brachytherapy for

Cervical Cancer

Joshua Rodr�ıguez-L�opez, UPMC Hillman Cancer Center,
University of Pittsburgh School of Medicine

PLENARY SESSION
Friday, June 14, 2019
1:30 PM - 2:30 PM

PLEN01 Presentation Time: 1:30 PM

Surgically Targeted Radiation Therapy: Safety Profile of

Collagen Tile Brachytherapy in 79 Recurrent, Previously

Irradiated Intracranial Neoplasms on a Prospective

Clinical Trial

David Brachman, Barrow Neurological Institute

PLEN02 Presentation Time: 1:45 PM

Immunomodulation of the Antitumor Response Induced by Alpha

Radiation-Based Brachytherapy Results in the Elimination of

Spontaneous Lung Metastases in a Triple Negative Breast

Cancer Mice Model and in the Cure of Colon Cancer

Bearing Mice

Yona Keisari, Tel Aviv University

PLEN03 Presentation Time: 2:00 PM

Real-Time Verification of Cylinder-Based GYN HDR Treatments

Using a Fiber-Optic Detector

Xinyi Shen, Duke University

PLEN04 Presentation Time: 2:15 PM

Long-Term Results of NRG Oncology/RTOG 0321 A Phase II Trial

of Combined High Dose Rate Brachytherapy and External Beam

Radiotherapy for Adenocarcinoma of the Prostate

I-Chow Hsu, University of California San Francisco

SCIENTIFIC SESSION: MISCELLANEOUS SNAP ORALS
Friday, June 14, 2019
5:15 PM - 6:30 PM

MSOR01 Presentation Time: 5:15 PM

Interstitial High-Dose-Rate Brachytherapy for Penile Cancer: Single

Institution Experience

Sylwia Kellas-Sleczka, Maria Sklodowska-Curie Memorial
Cancer Center and Institute of Oncology Gliwice Branch

MSOR02 Presentation Time: 5:20 PM

Diffusing Alpha Emitters Radiation Therapy (DART)

Brachytherapy for Recurrent and Radio-Resistant Head and Neck

and Skin Cancer: A New Treatment Concept

Aron Popovtzer, Rabin Medical Center

MSOR03 Presentation Time: 5:25 PM

The Optimal Dose of Iodine-125 Seed Implantations to Benefit

Clinical Outcome of Patients with Lung Cancer: A Multicenter

Experience with 488 Patients

Zhang Fujun, Sun Yat-sen University Cancer Center

MSOR04 Presentation Time: 5:30 PM

Brachytherapy vs External Beam Radiation in the Management of

Non Small Cell Lung Cancer

Mausam Patel, University of Arkansas for Medical Sciences

MSOR05 Presentation Time: 5:35 PM

Contact Radiotherapy with a Rectal Brachytherapy Applicator

Using 192Ir HDR Sources

Gabriel P. Fonseca, Department of Radiation Oncology
(MAASTRO), GROW School for Oncology and Developmental
Biology, Maastricht University Medical Center

MSOR06 Presentation Time: 5:40 PM

Eye Plaque Brachytherapy versus Enucleation for Ocular

Melanoma: An Analysis from the National Cancer Database

Jay Messer, The University of Texas Medical Branch

MSOR07 Presentation Time: 5:45 PM

Clinical Efficacy and Prognostic Factors of CT-Guided 125I

Brachytherapy for the Treatment of Retroperitoneal Metastatic

Lymph Nodes

Huzheng Yan, Sun Yat-sen University Cancer Center

MSOR08 Presentation Time: 5:50 PM

Interstitial High Dose Rate Brachytherapy in the Treatment of

Keloids: Moving towards a Volumetric Approach

John David, Cedars Sinai Medical Center

MSOR10 Presentation Time: 6:00 PM

Novel Intraoperative Radiotherapy (IORT) Utilizing Prefabricated

Custom Three-Dimensionally Printed High Dose Rate (HDR)

Applicators

Brandon Imber, Memorial Sloan Kettering Cancer Center
(MSKCC)
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MSOR11 Presentation Time: 6:05 PM

A Credentialing Method for Permanent Seed Implant

Brachytherapy to Quantitatively Assess Implant Accuracy

Tyler Meyer, University of Calgary

MSOR12 Presentation Time: 6:10 PM

A Supportive Therapy for the Goal of a Better Perception of Life

Quality to Prevent Iatrogenic Sexual Dysfunction Following

Exclusive VaginalBRT (VBRT)

Fabrizio Piro, Radioterapia Oncologica

MSOR14 Presentation Time: 6:20 PM

Reflectance Confocal Microscopy as a Novel Method to Assess

Carcinoma and Normal Skin Response to Electronic Skin Surface

Brachytherapy: PreliminaryResults from a Prospective Clinical Trial

Christopher Barker, MSKCC

MSOR15 Presentation Time: 6:25 PM

Real-Time Visual Tracking of the HDR Source during Skin Therapy

Enabled by Scintillation Markers

Elizabeth Huynh, Brigham and Women’s Hospital

SCIENTIFIC SESSION: BREAST SNAP ORALS
Saturday, June 15, 2019
8:00 AM - 9:00 AM

BSOR01 Presentation Time: 8:00 AM

APBI of Concomitant Bi-Lateral Breasts - Results and Side Effects

Muhammad Shah, Comprehensive Cancer Centers of Nevada,
Las Vegas, NV

BSOR02 Presentation Time: 8:05 AM

Changes in Percentage of Air from Treatment Planning CT to Final

Treatment in Accelerated Partial Breast Irradiation

Muhammad Shah, Comprehensive Cancer Centers of Nevada,
Las Vegas, NV

BSOR03 Presentation Time: 8:10 AM

Imaging Guided 125I Seed Implantation in the Treatment of 17

Cases of Advanced Breast Cancer

Weiming KANG, Oncology Dep.1 of Hebei General Hospital

BSOR04 Presentation Time: 8:15 AM

Volumetric and Dosimetric Comparison between Two Different

Safety Margins for CTV Delineation in Accelerated Partial Breast

Irradiation with Interstitial Brachytherapy

Anuj Kumar, Tata Memorial Centre, HBNI

BSOR05 Presentation Time: 8:20 AM

Interstitial Brachytherapy for Accelerated Partial Breast Irrdiation

or Boost Therapy in Early Breast Cancer

Manika Batra, All India Institute of Medical Sciences, New Delhi

BSOR06 Presentation Time: 8:25 AM

Programmatic Improvements to the Workflow Associated with the

Accuboost Breast Brachytherapy Procedure

Sean Roles, BSc, The Warren Alpert Medical School of Brown
University, Providence, RI, USA

BSOR07 Presentation Time: 8:30 AM

Post-Mastectomy Scar Boost by Plesiotherapy

Linda Smith, Comprehensive Breast Care

BSOR08 Presentation Time: 8:35 AM

Volume Consideration and Dose Distribution in Patients with Breast

Prosthesis Treated with Accelerated Partial Breast Irradiation

Muhammad Shah, Comprehensive Cancer Centers of Nevada,
Las Vegas, NV

BSOR09 Presentation Time: 8:40 AM

Feasibility and Clinical Value of CT-Guided125I Brachytherapy for

Pain Palliation in Patients with Breast Cancer and Bone Metastases

after First Line Treatment Failure

Qicong Mai, Guangdong General Hospital, Guangdong
Academy of Medical Sciences

BSOR10 Presentation Time: 8:45 AM

Retrospective Analysis of the Dosimetric Consequences of a

Displaced or Shifted Strut Adjusted Volume Implant (SAVI)

Applicator for Accelerated Partial Breast Irradiation (APBI) HDR

Brachytherapy

Dayee Jacob, Christianacare Health System

BSOR11 Presentation Time: 8:50 AM

Comparison of Lung Dose in Breast Cancer Treated with

Intraoperative High Dose Rate Brachytherapy versus Adjuvant

External Beam Radiation Therapy

Sunil Dutta, University of Virginia

BSOR12 Presentation Time: 8:55 AM

Intraoperative Radiotherapy for Adjuvant Treatment of Early Stage

Breast Cancer - Review of an Institutional Experience

Sean Cavanaugh, Cancer Treatment Centers of America

SCIENTIFIC SESSION: BREAST PROFFERED PAPERS
Saturday, June 15, 2019
9:00 AM - 10:00 AM

PP34 Presentation Time: 9:00 AM

A Comparison of the Accumulated Dose for Two Partial Breast

Techniques: Associated Uncertainties and Informed Decisions for

Patient Care

Sarah Quirk, University of Calgary

PP35 Presentation Time: 9:09 AM

Intra-Operative Electronic Brachytherapy in the Treatment of Early

Stage Breast Cancer - A Multi-Center Trial, Technique and

Preliminary Results

Alam Syed, MemorialCare Long Beach Medical Center

PP36 Presentation Time: 9:18 AM

Five Day Accelerated Partial Breast Irradiation (APBI) Using

Stereotactic Body Radiation Therapy (SBRT) in Stage 0-II Breast

Cancer: A Preliminary Report of 53 Cases

Rufus Mark, Baylor Scott & White Medical Center

PP37 Presentation Time: 9:27 AM

Accelerated Partial Breast Irradiation Brachytherapy as a Salvage

Treatment Option for Ipsilateral Breast Tumor Recurrence

Jenna Kahn, Virginia Commonwealth University Health System

PP38 Presentation Time: 9:36 AM

Multi-Catheter Interstitial Accelerated Partial Breast Irradiation in

Patients with Breast Implants is Safe and Associated with Good to

Excellent Cosmetic Outcomes

Grace Blitzer, University of Wisconsin
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PP39 Presentation Time: 9:45 AM

Lumpectomy and Accelerated Partial Breast Irradiation as an

Alternative to Mastectomy Following Prior Radiation Therapy

Aleksandra Kuczmarska-Haas, University of Wisconsin Hospital
& Clinics

SCIENTIFIC SESSION: PROSTATE PROFFERED PAPERS II
Saturday, June 15, 2019
10:30 AM - 11:30 AM

PP40 Presentation Time: 10:30 AM

Efficacy Results of a Randomized Trial of Prostate HDR

Monotherapy in Either One or Two Fractions for Low and

Intermediate Risk Disease

Gerard Morton, Sunnybrook Odette Cancer Centre

PP41 Presentation Time: 10:39 AM

A Biochemical Definition of Cure Following Brachytherapy of

Prostate Cancer

Steven Frank, The UT MD Anderson Cancer Center

PP42 Presentation Time: 10:48 AM

Toxicity and Quality of Life Results from a Randomized Phase II

Trial of HDR Monotherapy for Low and Intermediate-Risk Prostate

Cancer

Yaser Hasan, Sunnybrook Odette Cancer Centre, University of
Toronto

PP43 Presentation Time: 10:57 AM

HDR Brachytherapy at a Dose of 21 Gy in a Single Fraction for

Patients with Low-Intermediate Risk Prostate Cancer: Initial

Toxicity Outcomes

Daniel Krauss, Oakland University William Beaumont School of
Medicine

PP44 Presentation Time: 11:06 AM

MRI-Guided Focal Salvage HDR Brachytherapy for Locally

Recurrent Prostate Cancer

Lisa Joseph, Princess Margaret Cancer Centre

PP45 Presentation Time: 11:15 AM

High-Dose-Rate Brachytherapy as a Solution for Localized

Recurrent Prostate Cancer after Primary Irradiation: A 10-Year

Experience

Piotr Wojcieszek, MSC Memorial Cancer Centre and Institute of
Oncology, Gliwice Branch

SCIENTIFIC SESSION: GYN SNAP ORALS
Saturday, June 15, 2019
11:30 AM - 12:30 PM

GSOR01 Presentation Time: 11:30 AM

Feasibility and Early Outcomes for Cervical and Endometrial

Cancer Patients Treated with HDR Brachytherapy Boost Utilizing

Venezia Applicator

Andrew Keller, UPMC Hillman Cancer Center

GSOR02 Presentation Time: 11:35 AM

Improving Gynecologic Brachytherapy Patient Experience by

Optimizing MRI, Anesthesia, and Scheduling to Decrease the Length

of Time Tandem and Ovoid Applicators are in Place

Melissa Usoz, Stanford University

GSOR03 Presentation Time: 11:40 AM

A Minor Adaptation in the Houdek Gynecological Applicator for

Limited Intracavitary and Interstitial HDR Brachytherapy for Vault

Cancers

Revathy Krishnamurthy, Tata Memorial Hospital

GSOR04 Presentation Time: 11:45 AM

Comparison of CT with MR for Imaging Based Clinical Target

Volume Contours in Cervical Cancer Brachytherapy

Agnieszka Zolciak-Siwinska, The MSCM Cancer Center and
Institute of Oncology

GSOR05 Presentation Time: 11:50 AM

Applicator Reference CT Fusion Improves Clinical Accuracy of MR-

Based Titanium Tandem and Ring Localization and Reconstruction

Irina Malajovich, Univ. of Pennsylvania

GSOR06 Presentation Time: 11:55 AM

An Analysis of Outcomes and Primary Control in Locally Advanced

Cervical Cancer Using a Hybrid Intracavitary/Interstitial

Brachytherapy Device

Amanda Rivera, Montefiore Medical Center

GSOR07 Presentation Time: 12:00 PM

Clinical Outcomes of Patients Treated with Template Based High

Dose Rate Interstitial Brachytherapy Boost for Gynaecological

Cancers- A Retrospective Analyses

Gargee Mulye, Tata Memorial Centre, HBNI

GSOR08 Presentation Time: 12:05 PM

Rectal Toxicity in Intracavitary Brachytherapy for Carcinoma

Cervix with Fixed Retroverted Uterus: A Retrospective Analysis

from a Prospectively Maintained Database

Kushal Goswami, Medical College

GSOR10 Presentation Time: 12:15 PM

Outcomes after Definitive Re-Irradiation with 3D Brachytherapy

with or without External Beam Radiation Therapy for Vaginal

Recurrence of Endometrial Cancer

Diane Ling, UPMC Hillman Cancer Center, University of
Pittsburgh School of Medicine

GSOR11 Presentation Time: 12:20 PM

United States Practice Patterns and Comparative Effectiveness of

GOG 249 Arms

Corbin Jacobs, Duke University

GSOR12 Presentation Time: 12:25 PM

Stage Migration between Clinical Examination and MRI in Locally

Advanced Cervical Cancer

Johannes Knoth, Medical University of Vienna

SCIENTIFIC SESSION: PROSTATE SNAP ORALS
Saturday, June 15, 2019
11:30 AM - 12:30 PM

PRSOR01 Presentation Time: 11:30 AM

Long Term Outcomes of Prostate Brachytherapy and Its Predictors

of Recurrence

Shin Koike, NHO Tokyo Medical Center
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PRSOR02 Presentation Time: 11:35 AM

Long Term Patient-Reported Rectal Bleeding and

Bowel-Related Quality of Life Following Cs-131 Prostate

Brachytherapy

Diane Ling, Department of Radiation Oncology,
UPMC Hillman Cancer Center, University of Pittsburgh
School of Medicine

PRSOR03 Presentation Time: 11:40 AM

Does Androgen Deprivation Therapy Improve Ten-Year

Clinical Outcomes of Intermediate Risk Prostate Cancer Patients

Treated with Brachytherapy with or without External Beam

Radiotherapy?

Atsunori Yorozu, Tokyo Medical Center, NHO

PRSOR04 Presentation Time: 11:45 AM

Post-Treatment Survey on Prostate Cancer Patients:

Comparing Brachytherapy and Robot-Assisted Radical

Prostatectomy

Mari Ohmi, NHO Tokyo Medical Center

PRSOR05 Presentation Time: 11:50 AM

High-Dose Rate Brachytherapy Boost for T3 Prostate Cancer

Patients: A Single Institution Experience

Melody Xu, University of California, San Francisco

PRSOR06 Presentation Time: 11:55 AM

Phase I, Randomized-Controlled Trial of Conventional versus

Machine Learning Based Treatment Planning for Low Dose Rate

(LDR) Prostate Brachytherapy

Alexandru Nicolae, Sunnybrook Health
Sciences Centre

PRSOR07 Presentation Time: 12:00 PM

SpaceOAR Hydrogel Improves Neurovascular Bundle Dosimetry in

MRI Guided HDR Brachytherapy

Kunal Saigal, Advent Health Cancer Institute

PRSOR08 Presentation Time: 12:05 PM

Early Urinary Toxicity Outcomes with Low Dose Rate versus

High Dose Rate Brachytherapy Boost Combined with

Ultrahypofractionated External Beam Radiotherapy for

High- and Intermediate-Risk Prostate Cancer

Thomas Beckham, Memorial Sloan Kettering
Cancer Center

PRSOR09 Presentation Time: 12:10 PM

Commissioning and Clinical Use of the Uronav Therapy System with

the Electromagnetic Tracking Technology for Intra-Op US Guided

Prostate HDR

marie claude lavallee, CHU de Qu�ebec Universit�e Laval

PRSOR10 Presentation Time: 12:15 PM

The Impact of Dose to Bladder Neck on Urinary Toxicity in

Patients Treated with HDR Brachytherapy Boost for Prostate

Cancer

Ibtihel Ben aicha, CHU de Qu�ebec Universit�e Laval

PRSOR11 Presentation Time: 12:20 PM

Deformable Registration of Multi-Parametric MRI to

Intra-Operative Transrectal Ultrasound for Prostate

Brachytherapy: A Prospective Clinical Trial

Zvi Symon, Chaim Sheba Medical Center

PRSOR12 Presentation Time: 12:25 PM

An MRI-Based Nomogram for Palladium and Iodine Prostate

Brachytherapy Quality Assurance

Alexander Hanania, Baylor College of Medicine

PROSTATE ePOSTER

PO001

The Ratio of the Number of Biopsy Specimens to Prostate Volume

(Biopsy Density)O 1.5 Improves the Detection of Clinically

Significant Cancers in Men Undergoing Transperineal Biopsy

of the Prostate

Nelson Stone, The Icahn School of Medicine at Mount Sinai

PO002

MRI-Guided Focal HDR Brachytherapy as Monotherapy for

Prostate Cancer: Early Feasibility and Quality of Life Study

Lisa Joseph, Princess Margaret Cancer Centre

PO003

Development of a Novel Prostate Phantom for MRI-Fusion

Imaging, Transrectal and Transperineal Biopsy, and Brachytherapy

Training

Michael Wilson, Simulated Inanimate Models LLC

PO005

Implementation of HDR Brachytherapy for Prostate Cancer in an

Unshielded Operating Room Facility

Kundan Thind, University of Calgary

PO006

In Intermediate Risk Prostate Cancer Absolute Percentage of

Biopsied Tissue Positive for Gleason Pattern 4 Disease (APP4)

Appears Predictive of Disease Control after High Dose Rate Prostate

Brachytherapy and External Beam Radiotherapy

Kevin Martell, Sunnybrook Health Sciences Centre

PO007

A Dosimetric Evaluation of The ‘‘Ideal’’ Urethral Constraint for

High-Dose-Rate Prostate Brachytherapy

Mitchell Kamrava, Cedars Sinai Medical Center

PO008

Quality of Life after Prostate Cancer Treatment Comparison

between Robot Assisted Radical Prostatectomy and

Brachytherapy

Ken Nakamura, National Hospital Organization Tokyo Medical
Center

PO009

MRI-Only Post Implant Dosimetry Process for Prostate LDR

Brachytherapy

Reyhaneh Nosrati, Ryerson University

S6 Listing of Presentations / Brachytherapy 18 (2019) S1eS11



PO010

3D Printing-Based Prostate Phantom for Ultrasound-Guided

Interstitial HDR Brachytherapy Training Program

Brian Hrycushko, UT Southwestern Medical Center

PO011

Intensity Modulated Radiation Therapy (IMRT) followed by

Cesium-131 Brachytherapy for Intermediate and High Risk

Localized Prostate Cancer

John Sylvester, 21st Century Oncology

PO012

Feasibility of Intraprostatic Prostate Cancer Imaging with FCH-

PET/CT for Preoperative Planning of Image-Guided HDR

Brachytherapy

Eric Vigneault, CHU de Qu�ebec Universit�e Laval

PO013

Dynamic Anatomy: The Three Sides of the Bermuda Triangle

Patrick McLaughlin, University of Michigan

PO014

Outcomes and Toxicity Following Salvage Low-Dose-Rate

Brachytherapy for Recurrent Prostate Cancer after Radiation

Therapy

Zaker Rana, Northwell

PO015

Does Either I-125 or Pd-103 Brachytherapy Provide a Superior

Boost When Combined with External Beam Irradiation in Men with

High Risk Prostate Cancer?

Nelson Stone, The Icahn School of Medicine at Mount Sinai

PO016

Evaluation of Serum Prostate-Specific Membrane Antigen Levels in

Patients Receiving Brachytherapy for Localized Prostate Cancer

Tadahiko Kikugawa, Ehime University

PO017

Do Testosterone Levels Affect PSAValues WhenMonitoring Prostate

Cancer Patients Treated by Radiation Therapy and Hormone

Therapy?

Nelson Stone, The Icahn School of Medicine at Mount Sinai

PO018

Patient-Reported Bowel Quality of Life with the Combination of

Prostate External Beam Radiation, Brachytherapy Boost, and

SpaceOAR

Ankur Patel, UPMC Hillman Cancer Center
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Needle-Free 169Yb-Based Rotating Shield

Brachytherapy for Cervical Cancer

Karolyn M. Hopfensperger, B.S.1, Quentin E. Adams, M.D.2,

Yusung Kim, Ph.D.2, Xiaodong Wu, Ph.D.3, Weiyu Xu, Ph.D.3, Kaustubh A.

Patwardhan, M.S.2, Bounnak Thammavong, M.F.A.2, Ryan T. Flynn, Ph.D.2

1Biomedical Engineering, The University of Iowa, Iowa City, IA, USA;
2Radiation Oncology, The University of Iowa, Iowa City, IA, USA; 3Electrical

and Computer Engineering, The University of Iowa, Iowa City, IA, USA.

Purpose: To present an intracavitary rotating shield brachytherapy (RSBT)
delivery system for cervical cancer that is optimized for use with the 169Yb
radioisotope. The system is compatible with existing clinical afterloaders
and has the potential to deliver tumor-conformal dose distributions with
high-risk clinical target volume (HR-CTV) D90-values equivalent to those
of combined intracavitary-interstitial (IC/IS) HDR brachytherapy.
Materials and Methods: 169Yb has an average energy of 93 keVand a half-
life of 32.02 days, and a 27Ci source has the same dose rate at 1 cm inwater as
a conventional 192Ir source. The 169Yb source is designed as a 169Yb-Yb2O3

capsule with a diameter of 0.6 mm and a length of 3.5 mm. The system
operates by using redundant motors to drive a threaded rotating catheter,
which travels inside the threaded tandem of the RSBT applicator, in a
helical pattern. Two ovoids are included with the RSBT tandem. The
rotating catheter translates 5 mm for every 360� rotation. The distal end of
the rotating catheter is flexible - bending but with negligible twist - and
contains two 1.60 mm thick platinum shields, with a 45� emission angle.
The shield length and lumen are designed to be compatible with off-the-
shelf standard catheters and radiation source designs from the major vendors
(Nucletron, Varian, and Eckert & Ziegler), enabling a de-coupled delivery
approach in which full integration with existing afterloaders is optional but
not required. The RSBT tandem has an outer diameter of 7.6 mm, which
can be reduced to 6 mm via vendor integration through elimination of the
need for a standard catheter within the rotating catheter. The applicator has
the potential to be MR-safe due to its plastic construction. The figure shows
the applicator and delivery mechanism. The Monte Carlo N-Particle
Transport (MCNP) Code is used to model the dose rate distribution of the
partially-shielded source inside the applicator using an energy fluence tally,
which is used to generate treatment plans for a test patient.
Results: Monte Carlo simulations demonstrated a 90% reduction in dose rate
on the shielded side of the applicator compared to the unshielded side. The
45� emission angle shield is designed such that radiation source and
standard catheter combinations from the major afterloader vendors would
not be partially-occluded regardless of lateral position within the rotating

catheter. The treatment plan showed that RSBT delivered an HR-CTV D90

value of 82.1 Gy compared to 68.6 Gy for IC-BT and 76.6 Gy for IC/IS-
BT. Detailed schematics of the RSBT delivery system will be presented.
Conclusions: 69Yb-RSBT with a 45� emission angle is capable of
increasing HR-CTV D90 values to be similar to that of IC/IS-BT, without
interstitial needle placement. The reduced complexity of this delivery
method means that 169Yb-RSBT can be used as an alternative to IC/IS.

PP02 Presentation Time: 8:09 AM

Clinical Translation of a Quantitative

Oxygen Sensor for HDR Cervical Cancer

Brachytherapy

Gregory J. Ekchian, PhD1, Junichi Tokuda, PhD2, Brian Barnes, MS1,

Robert Cormack, PhD2, Larissa Lee, MD2, Michael Cima, PhD1.
1Massachusetts Institute of Technology, Cambridge, MA, USA; 2Brigham

and Women’s Hospital, Boston, MA, USA.

Purpose: Hypoxia is a poor prognostic factor in multiple tumor types.
Hypoxic tumors are more resistant to radiation and chemotherapy and are
more likely to develop distant metastases. Radiation resistance is of
particular interest in cervical cancer, as baseline tumor hypoxia has been
shown to be prognostic for local failure and survival in patients treated with
primary radiotherapy.1 In vivo studies have shown that radiation resistance
may be overcome by increasing the delivered radiation dose by a factor of
2-3. MR-based HDR brachytherapy is well suited for localized dose
escalation in hypoxic tumor sub-volumes given the ability to modulate the

Figure 1(A) Oxygen sensor catheter. (B) MRI-compatible test chamber.

(C) MRI scan of the test chamber containing nine oxygen sensor catheters.

(D) Equilibration kinetics of the sensor (n56, error bars represent one

standard deviation) when exposed to nitrogen (mimicking insertion into

a hypoxic environment). Measurement using MRI parameter (T1 relaxation

time) at T50 in air, all other points measured in N2 environment. Equili-

bration is reached by the clinical measurement window.

1538-4721/$ - see front matter
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dose distribution while respecting normal tissue constraints. Currently
available clinical techniques for measuring hypoxia are qualitative and
limited by poor sensitivity. Meaningful modulation of dose distribution will
require an MRI-compatible quantitative oxygen sensor capable of repeated
measurements throughout the duration of treatment.
Materials and Methods: Our lab has developed a silicone-based quantitative
oxygen sensor that is measured using MRI. We report the design of a clinical
version of this sensor for use during MR-guided interstitial brachytherapy in
patients with locally advanced cervical cancer. This design will be used in an
IRB-approved early feasibility study of ten patients. Early feasibility trials are
intended to inform device design and occur before the final design is selected.
The sensor was evaluated for equilibration rate, sensitivity, and compatibility
with the clinical workflow. All testing was conducted on the MRI (Siemens
Verio, inversion recovery pulse sequence) in the Advanced Multimodality
Image Guided Operating Suite at Brigham and Women’s Hospital.
Results: The silicone oxygen sensor was incorporated into the tip of a
modified brachytherapy catheter (Figure 1A). The oxygen sensor catheter
design was validated using an MRI-compatible environmental test chamber
(Figures 1B-C). Design parameters included the silicone formulation,
amount of silicone, and the number, size, and position of the holes. A
clinical trial-specific design was selected that enabled equilibration with the
surrounding environment within 120 minutes, sufficient signal strength for
measurement with clinical MRI hardware, and the ability to measure
oxygen in hypoxic environments (Figure 1D).
Conclusions: This sensor design is appropriate for obtaining quantitative
oxygen measurements during MR-guided HDR interstitial brachytherapy
for cervical cancer. The Results obtained from this trial will inform
subsequent design decisions. A specific constraint of this study was the
selection of materials intended for implantable use. Silicone formulation
is a driver of oxygen sensitivity. The next generation sensor will use
alternative, more sensitive, formulations once we validate them for
implantable use. 1Knocke et al., Radio Oncol., 1999

PP03 Presentation Time: 8:18 AM

MRI-Based Radiomic Fingerprint in

Cervical Cancer: A New Predictor for

Progression-Free Survival

Hina Saeed, MD1, Ross Zeitlin, MD1, Diane Schott Schott, PhD1, Ying

Zhang, PhD1, Lisa Rein, ScM2, Anjishnu Banerjee, PhD2, Allen X. Li,

PhD1, Beth Erickson, MD1, Manpreet Bedi, MD1. 1Radiation Oncology,

MCW, Milwaukee, WI, USA; 2Biostatistics, MCW, Milwaukee, WI, USA.

Purpose: Treatment response to definitive chemoradiation is variable among
locally advanced cervical cancer patients with similar constellations of
accepted prognostic features. Thus, patient outcomes are likely dependent on
each patient’s potentially unique cervix cancer habitat. Radiomic analysis
provides a new class of prognostic cancer biomarkers for characterizing
tumor habit and has shown promise in more accurately stratifying prognoses
in patients for several tumor sites. A radiomics signature utilizing Magnetic
Resonance Imaging (MRI) obtained during brachytherapy fractions and
associated with patient outcomes has not yet been described. The Purpose of
this study is to develop an axial T2 SPACE MRI-based radiomics signature
as a prognostic tool to predict survival outcomes in cervical cancer.
Materials and Methods: A retrospective analysis was performed on patients
treated with definitive chemoradiation for stage IB-IV cervical cancer between
2012 and 2018. All patients underwent external beam radiation with concurrent
chemotherapy followed by intracavitary brachytherapy. Clinical factors with
potential predictive power were recorded. MRI scans were acquired with a
Siemens 3T scanner. A T2 SPACE sequence was performed for patients
during each brachytherapy fraction. Radiomics feature extraction was
performed with an in-house developed software to calculate histogram and
Grey Level Co-occurrence Matrix (GLCM) texture features. The high-risk
CTV (HR-CTV) was contoured, the treatment applicator was removed from
the HR-CTV contour, and features relating to shape, image intensity, and
texture were extracted. Univariate Cox proportional hazards analysis was
performed on the radiomics features to assess for correlation to progression-
free survival (PFS). If significance was delineated by any parameter, a
receiver operating characteristic (ROC) analysis was performed to evaluate a

cutoff that best predicted for PFS. Kaplan-Meier survival curves were
generated for selected features to PFS.
Results: Fifty-one patients were included in this study. Median follow up was
24.6 months. Median age was 52 years (range: 26-85). Progression occurred in
18% of patients (9/51), including 2% (1/51) with local recurrence, 4% (2/51)
with in-field regional relapse, and 12% (6/51) with distant metastasis. Overall
PFS at 5 years was 76.5%. Median PFS was not reached. On univariate
analysis the first intracavitary fraction cluster shade feature demonstrated a
significant correlation with PFS (HR 5.07, 95% confidence interval [CI] 1.35-
19.15; p50.04). ROC analysis revealed a cutoff of 365.58, with the area under
the curve (AUC) at 0.735 (95% CI 0.582-0.855, p50.003). Kaplan-Meier
curve for the cluster shade feature using a cutoff of #365.58 vs O365.58
demonstrated a difference in 5-year PFS of 92% vs 53% (p50.02), respectively.
Conclusions: T2 SPACE MR-based radiomics signatures may serve as a
noninvasive biomarker in the prediction of PFS in patients with Stages IB-
IV cervical cancer. This data may assist as an emerging model to better
predict outcomes in this heterogeneous patient population for which
clinical parameters have been historically utilized. Further research is
warranted for validation, which may justify more aggressive treatment in
patients identified with a high probability of recurrence.
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CT and Template-Guided 125I Seed

Implantation on Pelvic Recurrent

Cervical Cancer

Bin Huo, MD, Xiaodong Huo, MD, Haitao Wang, PhD, Lei Wang, MD.

Oncology, The Second Hospital of Tianjin Medical University, Tianjin, China.

Purpose: This retrospective study was to evaluate the local control and
survival of 125I brachytherapy for recurrent cervical cancer.
Materials and Methods: 40 125I brachytherapy procedures were
performed in 37 patients with 40 recurrent cervical cancer lesions. The
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preoperative and postoperative TPS treatment plans and quality verification
were conducted.
Results: The follow-up period was 1-55 months (median 12 months). The
local control rate (LC) of 3, 6, 12, 24 and 36 months was 92.5%, 76.2%,
58.3%, 36.8% and 18.9%, respectively. Patients with tumor size #4cm
(85.7% vs 40.0%, P 5 0.037) and actual D90 between 120 to 140Gy
(47.4% vs 66.7% vs 62.5%, P 5 0.029) had better LC. The 1, 2 and 3
years of overall survival (OS) was 79.6%, 65.0% and 51.8%, respectively.
The poor performance status (HR 3.632, 95% CI 1.383-10.555; P 5
0.010), concurrent distant metastasis (HR 9.232, 95% CI 1.710-49.737;
P 5 0.010) and large postoperative residual tumor size (HR 6.167, 95%
CI 1.438-26.367; P 5 0.014) were closely correlated with a poor OS.
Conclusions: Our data indicate that CT-guided 125I brachytherapy is an
effective and safemodality for the local treatment of recurrent cervical cancer.
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Purpose: Treatment of post-operative locally recurrent endometrial cancer is
challenging with currently available commercial high dose rate
brachytherapy (HDRBT) applicators. Options for treatment typically consist
of a vaginal cylinder and/or template-based interstitial needles. Cylinders
cannot deliver highly conformal doses and template-based interstitial
treatments are challenging to perform and uncomfortable for the patient.
Additionally, neither of these techniques can adequately cover recurrences
centrally at the top of the vault. We combine the use of template-based US-
guided interstitial catheters with a standard vaginal cylinder to achieve
conformal vaginal doses. The addition of freehand interstitial catheters
allows improved target coverage, but placement requires significant expertise
and consequently, success depends greatly on the operator. Furthermore, the
position of the catheters can vary between insertions. To address the needs
for better placement of catheters as well as ease and reproducibility of
insertion, we are developing a partially automated design and manufacturing
workflow to create applicators able to simplify the guidance of catheters both
within a cylinder and interstitially to preplanned positions for vaginal HDRBT.
Materials and Methods: Aworkflow using the Eclipse ScriptingApplication
Programming Interface (API), the SolidWorks API, and custom software was
developed to automate the design and manufacture of interstitial vaginal
applicators. In the workflow, patients undergo a pre-operative MRI with a
standard vaginal cylinder inserted to reflect patient anatomy at treatment.
The organs at risk (OAR), gross tumour volume (GTV), and high-risk
clinical target volume (HRCTV) are contoured, and a treatment plan is
created using both interstitial and inter-applicator catheters. Once a plan is
approved, a script is executed from within the planning software
(BrachyVision) that exports relevant parameters from the plan and models a
custom cylindrical applicator. The program saves the applicator as an STL
file for 3D printing. This workflow has been tested to assess plan quality and
reproducibility using the CT images and plan of a previously treated patient.
A new plan and custom applicator were created and insertion was simulated
on a gel phantom. A CT image set of the gel phantom was acquired and
fused with the original patient structure set. The plan was re-optimized using
the final catheter positions. A geometric comparison of the pre-planned and
re-optimized dwell positions was calculated. Manufacturing and simulated
surgery were completed twice, in order to assess the dosimetric and
geometric reproducibility of a single plan. Finally, we compared the plan
produced using the custom applicator to the treated plans.
Results: The final custom applicator plan Resulted in an improved HRCTV
V100 and D90 coverage by 11% and 17% respectively relative to the patient’s
treated plan. Modest changes to OAR D2cm3 were seen: Bladder (þ5%),
Rectum (þ8%), Sigmoid (þ1%), and Small Bowel (þ25%). The final

D2cm3 to the OARs remain within acceptable dose limits. Similar results
were achievable day to day. Average geometric variation in dwell position
was found to be 5mm (SD 4mm) with respect to the planned position.
Conclusions: Our team has developed a novel treatment technique and device
for which initial testing shows improvements in both the quality and ease of
delivery of interstitial vaginal brachytherapy. Experimental validation in
phantoms and testing in patients will be performed to further assess the
limitations in plan reproducibility and ease of plan delivery via this workflow.
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Purpose: Despite strong evidence for improved outcomes with the use of
brachytherapy for locally advanced cervical cancer, utilization has
declined over the past several decades. The reason(s) for this are likely
multifactorial but may include increased reliance on alternative
techniques (e.g. SBRT) or lack of appropriate infrastructure/resources.
MRI with each fraction is considered the gold standard for treatment
planning. Here we evaluate the use of deformable pre-brachy MRI as an
alternative approach to obtaining MRI with applicator in place at the time
of treatment. To our knowledge, this is the first example directly
comparing deformable pre-brachy MRI, CT, and MRI-based (‘‘true
MRI’’) treatment planning for locally advanced cervical cancer.
Materials and Methods: 35 patients with locally advanced cervical cancer
at Duke University treated with brachy from 2016 to 2018 were included.
Each patient had a ‘‘true MRI’’ with applicator in situ performed at the
time of their first fraction. HRCTVs for planning were defined using the
MRI with applicator in situ, deformable pre-brachy MRI, and CT with
‘side-by-side’ comparison to the pre-brachy MRI. Plans were then
developed to optimize dose coverage for each HRCTV. The HRCTV D90
for all plans were normalized to 6.3 Gy per fraction (for a 5 fraction plan)
when normal tissue constraints were achievable. If necessary, HRCTV
D90 was normalized between 6-6.3 Gy in order to meet normal tissue
constraints. If constraints could still not be met, the HRCTV was
selectively underdosed to attain clinically acceptable normal tissue doses
as per the treating physician’s discretion. ‘‘True’’ HRCTV (defined by
MRI with applicator in situ) coverage was evaluated for both the plans
created using deformable pre-brachy MRI and those based on CT with
cognitive MRI fusion. Organs at risk (D2cc) were also evaluated for
bladder, rectum, sigmoid, bowel, and vagina.
Results: Patients were noted to have FIGO stage IB1 to IIIB disease (8/35 IB1,
6/35 IB2, 1/35 IIA1, 3/35 IIA2, 11/35 IIB, 1/35 IIIA, 4/35 IIIB, and 1 with
locally recurrent disease). The ‘‘true’’ HRCTV D90 (median 6.29 (IQR 5.97-
7) vs 6.26 (IQR 6.08-6.28) Gy, p50.107) and D98 (median 5.29 (IQR 4.84-
5.61) vs 5.11 (IQR 4.96-5.3) Gy, p50.219) coverage for the deformable pre-
brachy MRI-based plans were similar to the ‘‘true MRI’’ target coverage.
Alternatively, both the ‘‘true’’ HRCTV D90 (median 5.7 (IQR 5-6.1) vs 6.29
(IQR 5.97-7) Gy, r50.46, p50.0001) and D98 (median 4.66 (IQR 3.96-5.06)
vs 5.11 (IQR 4.96-5.3) Gy, r50.47, p50.0001) target coverage were
significantly lower for the CT-based treatment plans. A substantial proportion
of CT-based plans (0.46) had coverage more than 10% lower than the ‘‘true
MRI’’ plans, as compared to the deformable pre-brachy MRI-based plans
(0.11). Deformable pre-brachy MRI-based plans, however, Resulted in
significantly greater dose to normal tissues (bladder p50.017, rectum
p50.004, sigmoid p50.004, vagina p50.026). Conversely, CT-based plans
systematically decreased dose to normal tissues (bladder p50.007, sigmoid
p50.007, bowel p50.018).
Conclusions: In this series, HRCTV coverage using deformable pre-brachy
MRI-based plans was not significantly different than target coverage for
MRI-based planning with applicator in situ at the time of treatment.
However, deformable MRI-based planning did Result in systematically
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increased dose to all normal tissues examined. In comparison, the HRCTV
coverage for CT-based plans using cognitive fusion was significantly lower
than the MRI with every fraction plans and did not result in adequate D90 or
D98 doses. Based on this, we suggest that deformable pre-brachy MRI may
be a reasonable alternative for settings without ready access to MRI at the
time of treatment, however, per fraction MRI remains optimal.
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Purpose: Prostate cancer represents the leading cause of cancer in men, with
an estimated incidence of 180,890 cases in 2016. Long-term outcomes reveal
equivalent biochemical outcomes with brachytherapy (BT) compared to
radical prostatectomy and external beam radiotherapy (EBRT). Iodine-125
(125I) represents the most commonly used isotope for prostate BT. Cesium-
131 (131Cs) was introduced as an alternative isotope in 2004. Its higher
dose rate and shorter dose delivery time has demonstrated a shorter
duration of acute urinary morbidity. Long term data suggest excellent
oncologic outcomes with use of 131Cs, yet there is a gap in knowledge
about how outcomes between 131Cs and 125I compare. Our institution
initiated a prospective randomized trial comparing the two isotopes and
report out biochemical outcomes and comparisons.
Materials and Methods: From April 2007 to June 2008, prostate cancer
patients with low or intermediate risk disease eligible for monotherapy with
brachytherapy were enrolled on a prospective randomized trial of
comparing 125I vs 131Cs. Patients were treated with a pre-planned, pre-
loaded needle approach in a single outpatient facility. Prescription dose was
144Gy for 125I and 115Gy for 131Cs. No patient received hormonal
deprivation or supplemental external beam radiation. Patients underwent
serum PSA determinations every three months for the first year, every six
months for the second year and yearly thereafter. Biochemical relapse-free
survival (BRFS) was estimated using Kaplan-Meier (KM) methodology
with comparisons accomplished using log-rank statistics. Phoenix definition
(nadir þ 2 ng/ml) was used for definition of biochemical failure. Time-to-
event for all outcomes of interest was measured from implant date.
Results: 140 men were treated on trial, with 70 patients each receiving an
implant with 125I or 131Cs, respectively. There were 114 (81.4%) low-risk
and 26 (18.6%) intermediate-risk prostate cancer patients. There were no
significant differences in patient or disease characteristics between
treatment arms. The median age was 61 and the median follow up time
was 95 months. The 9-year BRFS was 89% and 86% for the 125I and
131Cs group, respectively (p50.45). There was no statistically significant
difference in BRFS based on initial T stage, PSA or Gleason Score.
Conclusion: Long term biochemical control with mono-brachytherapy is
comparable when utilizing 125I or 131Cs isotope, as demonstrated in this
prospective randomized trial. This report therefore supports the continued
use of 131Cs as an effective and comparable alternative isotope.
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Purpose: Low dose-rate brachytherapy (LDR) and hypofractionated
external beam radiotherapy (EBRT) are accepted standard treatments in
the setting of intermediate-risk (IR) prostate cancer. As yet, none of these
options have been tested against one another in a randomized trial. We
aim to compare the long term oncologic outcomes of IR prostate cancer
patients treated with LDR or EBRT at a single institution.
Material/Methods: Between January 2005 and December 2013, 248
patients diagnosed with IR prostate cancer (#T2c, Gleason #7 and PSA
#20 ng/mL) were treated with LDR or EBRT; 123 patients received a
permanent implant of iodine-125 seeds prescribed to 145 Gy as a
minimum peripheral dose and 125 patients were treated with EBRT to a
total dose of 60 Gy in 20 fractions. The ‘‘nadir þ2 ng/mL’’ PSA
threshold (Phoenix definition) was used to define biochemical relapse
(BR). To account for the competing risk of death, the cumulative
incidence function (CIF) of BR and metastases for each group, and the
95% confidence intervals were reported. To test whether the difference
between the groups is significant, Gray’s method was applied. The
Kaplan-Meier (KM) method was used to estimate overall survival (OS)
and prostate cancer specific survival (PCSS), and log-rank test was used
to compare treatment groups. A two-tailed p-value #0.05 was considered
statistically significant.
Results: Median follow-up was 95 [interquartile range (IQR): 79-118] and
96 (IQR: 63-123) months in the LDR and EBRT groups, respectively. In the
LDR group, mean age was 65 (�7) with a median PSA at baseline of 6.8 ng/
mL (IQR: 5.3-9.6); for the EBRT group, mean age was 71 (�5) years and
median PSA at baseline was 7.4 ng/mL (IQR: 5.9-9.7). Neoadjuvant
androgen deprivation therapy was used for cytoreduction in 4 patients
treated with LDR and none with EBRT. Median PSA nadir was 0.05
(IQR: 0.03-0.1) for LDR and 0.33 (IQR: 0.21-0.64) (p!0.001) for EBRT
and median PSA at 4 years was 0.09 (IQR: 0.05-0.2) and 0.52 (IQR 0.29-
1.02) (p!0.001) respectively. BR was observed in 5 patients treated with
LDR and 34 treated with EBRT. At 60 months and 90 months, the CIF of
BR was 0.9% (0.1-4.4) and 3.5% (0.9-9.2) vs.16.6% (95% CI: 10.3-24.2)
and 23.7% (16.0-32.3) (p!0.001) in the LDR and EBRT groups
(Figure 1). The median time to develop metastases was 99 months (IQR:
70-121) in the entire cohort with no statistical significant difference
between groups. At 90 and 108 months, the CIF of metastases was 0%
and 1.6% (95% CI: 0.1-7.5) compared to 3.4% (95% CI: 0.9-8.9) and
9.1% (95% CI: 3.5-18.2) in the LDR and EBRT groups (p50.003),
respectively. At the last follow-up, 24 patients were deceased in the
cohort. Amongst those, 3 died from their cancer in the EBRT group
[PCSS of 96.4% (95% CI: 89.3- 98.8)] and none died in the LDR group
(p50.09).
Conclusion: Permanent iodine-125 seed implant was associated with
higher biochemical and distant failure control in our cohort when
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compared to moderately hypofractionated EBRT. In the absence of a
randomized trial, LDR when feasible should be offered to patients with a
life expectancy ofO7 years.

PP09 Presentation Time: 9:18 AM

Multi-Tasking Neural Networks for

Anatomy Segmentation in Prostate

Brachytherapy MRI

Jeremiah Sanders, MS1, Steven Frank, MD2, Gary Lewis, MD3, Rajat

Kudchadker, PhD4, Teresa Bruno, CMD2, Jingfei Ma, PhD1. 1Imaging

Physics, MD Anderson Cancer Center, Houston, TX, USA; 2Radiation

Oncology, MD Anderson Cancer Center, Houston, TX, USA; 3Radiation

Oncology, University of Texas Medical Branch, Galveston, TX, USA;
4Radiation Physics, MD Anderson Cancer Center, Houston, TX, USA.

Purpose: To automate the prostate brachytherapy MRI workflow with
machine learning, we investigated fully convolutional networks (FCNs)
for semantic segmentation of prostate brachytherapy magnetic resonance
(MR) images of different image contrasts acquired with different pulse
sequences using a single neural network. Both 2D and 3D FCN
approaches were investigated.
Materials and Methods: Sixty-eight post-implant prostate cancer patients
were scanned with a fully balanced steady-state free precession sequence
(CISS). Additionally, 53 pre-implant prostate cancer patients were
scanned with a turbo spin echo sequence with variable flip angle
(SPACE). All patients were imaged on a 1.5T Siemens Aera scanner with
a rigid 2-channel ERC and 2 18-channel external array coils. Scan
parameters for both sequences were similar to those in a previous
publication. The prostate, seminal vesicles (SV), rectum, and bladder
were manually contoured by a board-certified radiation oncologist
(S.J.F.), a radiation oncology resident (G.L.), and a board certified
medical dosimetrist (T.L.B.). The manual segmentation masks and
corresponding MR images were used to develop the networks. The CISS
and SPACE images were partitioned into 60%/20%/20% subsets for
training/validation/testing (42/13/13 CISS; 33/10/10 SPACE). We
investigated 2D and 3D FCNs. In previous work, we demonstrated that
the Xception network architecture yields superior semantic segmentation
performance in MRI when using a transfer learning approach (compared
to other network architectures trained on ImageNet). For the 2D
approach, we used a pretrained Xception encoder and replaced the fully
connected classification layers with a series of resize convolutional layers
to upsample the encoding back to the input image resolution. Resize
convolutions were selected over transpose convolutions to avoid the
checkerboard artifacts characteristic of transpose convolutions. For the 3D
approach, we split the MR images and segmentation masks into
96�96�48 patches to develop the model. A U-Net architecture was
constructed based on the original publication, except with 3D
convolutions in place of 2D convolutions. Both models were trained with
the following: a dice loss function, an Adam optimizer, Xavier
initialization for the convolution kernels, an initial learning rate of 1�10-4

that was decayed by 20% if the validation loss plateaued after 3 epochs,
and training termination after 10 epochs with no improvement in the
validation loss. Both models were constructed and trained using a deep
learning application engine (DLAE) that we previously developed. Model
training and inference were performed on an NVIDIA DGX-1
workstation with 2/8 of the available 32GB V100 GPUs. Semantic
segmentation performance was evaluated by computing dice similarity
coefficient (DSC), intersection over union (IoU), and organ-wise pixel
accuracy.
Results: Semantic segmentation Results are reported as: organ - DSC; IoU;
pixel accuracy.CISS (2D FCN): prostate - 90%�3%; 81%�5%; 91%�4%,
SV - 80%�7%; 67%�9%; 83%�12%, rectum - 91%�4%; 84%�6%;
90%�7%, bladder - 97%�1%; 94%�2%; 96%�2%. SPACE (2D FCN):
prostate - 87%�3%; 77%�5%; 90%�5%, SV - 69%�9%; 48%�20%;
70%�12%, rectum - 94%�2%; 88%�4%; 93%�4%, bladder - 94%�
8%; 89%�12%; 93%�12%. CISS (3D FCN): prostate - 87%�6%;
78%�8%; 87%�10%, SV - 77%�7%; 63%�10%; 79%�13%, rectum -
90%�7%; 83%�10%; 89%�11%, bladder - 96%�2%; 92%�3%; 95%�

4%. SPACE (3D FCN): prostate - 87%�5%; 77%�8%; 91%�5%, SV -
68%�27%; 56%�24%; 73%�17%, rectum - 94%�2%; 88%�4%;
93%�5%, bladder - 91%�17%; 86%�21%; 89%�21%.
Conclusion: Automated anatomy segmentation via machine learning in
pre- and post-implant prostate brachytherapy MR images (SPACE and
CISS) can be accurately performed with a single FCN for the prostate,
rectum, and bladder. Using a 2D FCN with an encoder (Xception)
pretrained on ImageNet yielded superior performance to a patch-based
3D U-Net approach with randomly initialized kernels. Further refinements
in the manual contours of the SV are expected to improve the model’s
segmentation performance for the SV.
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Purpose: Men with Gleason Grade Group (GGG) 4 (Gleason score58) and
5 (Gleason score59-10) disease have high failure rates when treated by
conventional therapy. We investigate freedom from biochemical failure
(FFBF), metastases (FFM) and cause-specific survival (CSS) in men
treated with a combination of permanent seed implant, neoadjuvant
hormone therapy (NHT) and external beam irradiation.
Materials and Methods: Of 2747 men followed a minimum of 2 years 320
(11.6%) had GGG 4 (n5186) and 5 (n5134) prostate cancer. Treatment
consisted of NHT, I-125 or Pd-103 implant followed by 45 Gy of external
beam irradiation. Radiation doses were converted to the biological equivalent
radiation dose (BED) using an a/b of 2. The median age, PSA, time on NHT,
BED, and follow-up was 69 years (range 39-88), 9.0 ng/ml (range 1-119), 9
months (range 0-36, 10 men did not receive NHT), 210 Gy (range 47-261)
and 6.5 years (range 2-19.4). 39/320 (12.2%) had a positive seminal vesicle
biopsy (SV) and 68 (21.3%) perineural invasion (PNI). FFBF (Phoenix
definition), FFM and CSS survival was calculated by Kaplan Meier method
with associations determined by log rank and hazard rates by Cox regression.
Results: Twelve-year FFBF for GGG4 vs 5 was 72.1 vs 58.2% (p50.015);
FFM was 88.5 vs. 80% (p50.006) and CSS was 89.6 vs. 73% (p50.001).
Clinical stage, þSV and PNI were not associated with FFBF. Men with a
PSA # 10, O10-20 and O20 had a FFBF of 73.6 vs. 62.2 vs. 34%
(p!0.001). Increased PSA was associated with FFBF, FFM and CSS for
both GGG 4 and 5 (table). 31/320 had died of prostate cancer of which
10/186 (5.4%) had GGG4 and 21/134 (15.7%) had GGG5 (OR 3.3, 95%
CI 1.5-7.2, p50.002). Cox regression for FFBF was significant for PSA
(p50.014), GGG (p50.007) and BED (p50.009); for FFM GGG
(p50.004) and for CSS GGG (p50.001).
Conclusions: While survival rates for high grade cancer are favorable for
GGG 4-5, 3.3x as many men die when Gleason Grade Group 5 is present.
CSS survival is similar for both GGGs when PSA # 10 ng/ml (88.3 vs 85%)
suggesting that early diagnosis is critical if high grade cancer is to be cured.
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Purpose: African American men have historically had poorer prostate
cancer biochemical and clinical outcomes compared to their Caucasian
counterparts. However, emerging data suggests non-oncologic factors
drive much of this disparity, to the extent that emerging data suggests that
African American men are more likely to have genetic markers
conferring an increased sensitivity to radiation therapy. Among patients
receiving low dose rate brachytherapy for prostate cancer, a transient PSA
bounce (an increase in PSA following treatment to a pre-bounce level or
below), is associated with improved biochemical control and overall
survival. Recent evidence suggests that the bounce may likewise confer
improved prognosis in the external beam setting as well. However, racial
differences in these PSA kinetics after both brachytherapy and external
beam radiotherapy (or in combination) has remained relatively unexplored.
Materials and Methods: An Institutional Review Board approved
retrospective analysis examined data from men treated for prostate cancer
within the US Department of Veterans Affairs (VA) between 2000 and 2010.
The Central Data Warehouse was queried for veterans who received
radiation treatment for localized (i.e., non-metastatic and node-negative)
prostate adenocarcinoma with either external beam radiotherapy,
brachytherapy, or a combination of the two. Longitudinal laboratory PSA
data was used to define to biochemical failure (nadir þ 2 ng/mL) and a
bounce (elevation of local PSA by 0.2 ng/mL or more followed by a decline
to the pre-bounce level or below). Men whose race was unknown, or not
African American or Caucasian, were excluded. We used Cox proportional
hazard models to explore the racial differences in the relationship between
the presence of a PSA bounce and the time to biochemical failure, stratified
by treatment modality. Results were also considered after adjusting for age,
marital status, initial PSA, T stage, N stage, and diagnosis year.
Results: Between 2000 and 2010, we identified 4,364 patients treated with
brachytherapy alone, 9,599 treated with external beam alone, and 570 treated
with a combination of external beam and brachytherapy, approximately 31%
of whom were African American, and the remainder Caucasian. The vast
majority of patients were classified as either low risk or intermediate risk
(33% and 45%, respectively). Approximately one in four men experienced a
transient PSA bounce after treatment. For all modalities, the presence of a
PSA bounce had a protective association in time to biochemical failure. In
considering the role of race on this association, the hazard ratio for bounce
was strongest for African American men receiving brachytherapy alone
(HR50.585; p!0.05) compared to Caucasians receiving brachytherapy alone
(HR50.788). African American men receiving external beam alone also had
a protective benefit from a PSA bounce (HR50.703; p!0.05) compared to
Caucasian men (HR50.821; p!0.05).
Conclusions: The presence of a PSA bounce was associated with a
protective benefit for biochemical control among patients receiving both
brachytherapy and external beam radiotherapy in a large cohort of
patients at the US Veterans Administration. African American men
treated with brachytherapy had a more pronounced benefit of biochemical
compared to their Caucasian counterparts.
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Purpose: With recent residency expansion across the field of radiation
oncology and decreasing nationwide use of brachytherapy, despite
expanding indications, there is concern whether graduating radiation
oncology residents (GRORs) are receiving sufficient training during
residency to confidently practice independently. We report the Results of
interstitial prostate brachytherapy (IPB) from self-reported American
Council for Graduate Medical Education (ACGME) case logs.
Materials and Methods: Summarized, de-identified case logs for all
GRORs, nationwide, between 2007 and 2018 were obtained from the
ACGME. All cases were self-logged as residents having performed the
procedure. Variables collected included total number of GRORs per year,
average number of procedures per resident (subdivided by disease site
and treatment modality), and respective standard deviations, as reported
by the ACGME national summary data of resident case logs. Number of
cases, presented and per 10th, 30th, 50th, 70th, and 90th percentiles, was
evaluated per year. Analysis of Variance (ANOVA) was used to determine
statistical significance, linear regression was used to create a trendline,
and strength of association was evaluated using Pearson correlation. Low
volume was defined as GRORs performing at least 5 cases of IPB, while
high volume was defined as at least 15 cases performed.
Results: There was an increase in number of GRORs per year, from 114 in
2007 to 189 in 2018 (p50.001). The total number of interstitial
brachytherapy procedures in which residents participated nationwide did
not significantly change over this time period, from 3933 in 2007 to 3893
in 2018 (p50.077). However the average number of interstitial
brachytherapy cases per resident, across all disease sites significantly
decreased, from 34.5 in 2007 to 20.6 in 2018 (p50.001). Most of this
difference in experience was driven by diminishing exposure to IPB, with
a decrease from an average of 21.5 cases per GROR in 2007 to 12 in
2018 (Figure 1, p50.001, r5-0.94). During this time low-dose rate IPB
(LDR-IPB),exposure decreased from an average of 19.4 cases per GROR
in 2007 to 7.4 in 2018 (p50.001, r5-0.97), while high-dose rate IPB
(HDR-IPB) exposure minimally increased from an average of 2.1 cases
per GROR in 2007 to 4.6 in 2018 (p50.009, r50.72). Prostate treatment
using external beam radiation therapy (EBRT) also decreased per GROR
over time, from an average of 54 cases in 2007 to 40.5 in 2018 (p50.001,
r5-0.95) When evaluating IPB volume, at least 70% of GRORs achieved
a low volume of cases between 2007 and 2011. However, from 2015 to
2018, only 50% of GRORs met low volume requirements. High volume
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was achieved by nearly 50% of GRORs in 2007, but decreased to 30% by
2011, and in 2018 is approximately 20%.
Conclusions: There has been a steady decline in IPB experience per GROR
from 2007 to 2018, due to residency expansion with stable number of total
brachytherapy cases covered. The small increase in HDR-IPB utilization
has not been sufficient to overcome this downward trend. The percent of
GRORs who have achieved low and high volume has decreased to
approximately 50% and 20%, respectively by 2018. IPB volume is not
decreasing due to increased use of EBRT on a per-resident basis. Further
efforts at ensuring sufficient prostate brachytherapy training for GRORs is
of paramount importance.
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Alpha DaRT: Practical Dosimetry
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Purpose: Diffusing Alpha-emitters Radiation Therapy (‘‘Alpha DaRT’’) is
a new cancer-treatment modality, which enables - for the first time - the
treatment of solid tumors by alpha particles. The basic idea is to insert
into the tumor an array of implantable seeds, whose surface is embedded
with a low activity of radium-224. Each seed continuously emits into the
tumor, by recoil, a chain of short-lived alpha emitting atoms (progeny of
radium) which spread by diffusion and convection over several mm
around it, creating a continuous ‘‘kill region’’ of high alpha-particle dose.
The method is presently tested in clinical trials on recurrent skin and oral
cavity squamous cell carcinoma (SCC) with promising Results with
respect to both efficacy and safety (Popovtzer et al., Brachytherapy 17
(2018) S43). The aim of this work is to provide a simple physically-
motivated model which can serve as a zero-order approximation for
DaRT dosimetry, allowing for calculating the contribution from all alpha,
beta and gamma emissions from the decay chain.
Materials and Methods: Themodel consists of diffusion equations for radon-
220, lead-212 and bismuth-212, with the other short-lived daughters in local
secular equilibrium. For simplicity, the medium is assumed to be
homogeneous, isotropic and time-independent. Vascular effects are accounted
for by effective diffusion and clearance terms. To leading order, the alpha
particle dose can be described by simple analytic expressions, which are used
to shed light on the key parameters of the model. The dose contributed by
beta and gamma emissions is calculated using dose-point kernels derived
from EGSnrc Monte-Carlo calculations. To excellent approximation the beta
and gamma dose can be calculated under the assumption that the emissions
originate from the seed itself, taking into account Pb-212 removal from the
tumor as an effective reduction in the seed activity. Animal studies were used
to estimate the values of the key parameters of the model, using a
combination of phosphor-imaging-based autoradiography (to record the
spatial distribution of Pb-212 in treated tumors) and gamma spectroscopy.
Results: For SCC tumors, the model predicts that the alpha particle dose of a
single seed carrying 2 mCi of Ra-224 exceeds 10 Gy over a region measuring
~5mm in diameter. The beta dose drops below 10Gy at a radial distance of ~2
mm from the seed (reaching 1Gy at ~4mm). Twommaway from the seed the
gamma dose is ~0.2 Gy (~0.1 Gy at 5 mm). These predictions served as the
basis for treatment planning in the SCC clinical trial, where treatments
employing DaRT seeds carrying 2 mCi of Ra-224 per cm and spaced 5-6
mm apart Resulted in more than 70% complete response of the treated
tumors with no observed radiation-induced toxicity.
Conclusions: The promising Results of the SCC clinical trial indicate that
in spite of its approximate nature, the simple diffusion-based dosimetry
model provides a quantitative starting point for DaRT treatment planning.
The parameters governing the alpha particle dose are expected to vary, to

some extent, between different tumor types and should be evaluated in
suitable animal models. The predictions concerning the beta and gamma
dose are expected to be largely tumor-independent.
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Purpose: Permanent Breast Seed Implant (PBSI) is a novel form of breast
brachytherapy completed in a single 1-2h procedure. PBSI planning uses
CT simulation and treatment involves implanting Pd-103 seeds in and
around the breast seroma via needles inserted through a template and
guided by free-hand 2D ultrasound. The seroma shape and size vary from
CT images to ultrasound and currently neither 3D images nor real-time
guidance are available for PBSI. A 3D ultrasound (3DUS) system has been
developed to fulfill these needs. This study extends this work to validate
the 3DUS clinical implementation in PBSI planning and delivery procedure.
Materials and Methods: The 3DUS system for PBSI uses a motorized 2D
scanner to image a 3D image volume. A mechanical arm mounted on the
scanner encodes the location of the images relative to the needle insertion
template, allowing actual needle insertion positions to be mapped to the 3D
US image. A string phantom was used to validate the linear reconstruction
of the 3D images. The average template registration error was quantified by
segmenting the trajectories of both planned and actual needles then
comparing the angular and trajectory differences. Template registration
accuracy was tested in a tissue-equivalent solution, with the scanner sitting
on the solution surface and over the full range of clinically relevant
template orientations. Needles were inserted into an anthropomorphic
breast phantom by a non-expert user, imaged by 3DUS and then adjusted
after a qualitative assessment based on the images. Needle insertion
accuracy was evaluated before and after the 3DUS visual guidance and
adjustment by comparing the planned and actual needle positions. Finally,
a method was also developed to register CT images and 3DUS images
using a 3D printed model with divots on the surface. The mechanical arm
encodes the divot locations in the 3DUS coordinates, and CT-visible pellets
are used to localize the divot centers on CT images. A point-based
registration is then processed using the divots as landmarks in MIM
Symphony. Preliminary testing of CT-3DUS registration was achieved by
comparing the US and CT centers of a sphere embedded in a phantom.
Results: The average linear uncertainty of the 3DUS system is within 2% in
the axial and lateral directions and 4% in the elevational direction. The
average registration error of the template measured from the mean
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trajectory difference is (1.3�0.4) mm within 60 degrees of lateral rotation,
30 degrees of vertical rotations and 40 degrees of tilt from the orthogonal
position to the imaging volume. With the visual guidance of the 3DUS
system during PBSI, the mean trajectory error of needle insertion is
decreased from (3.9�0.5) mm to (1.7�1) mm, Resulting in a 55%
increase of needle insertion accuracy. The preliminary CT-3DUS
registration tests showed an average error of (3.4�1.7) mm.
Conclusions: A 3DUS system has been developed and validated for
imaging in PBSI. This system has the potential to make PBSI more robust
and less operator dependent. Registration of 3DUS images with CT
allows consistent visualization and delineation of the breast seroma
between planning and implant and the future implementation of 3DUS
into PBSI delivery will provide 3D real-time guidance, enhancing the
accuracy of the implant procedure. This study confirms the satisfactory
performance of the device and facilitates its translation into clinical use.
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Purposes: The commissioning ofHDRbrachytherapy applicators is crucial to
treatment delivery and can lead to systematic treatment errors if not performed
properly. There are reports mentioning hundreds of patients mistreated due to
incorrect applicator commissioning. However, there are no comprehensive
guidelines about commissioning of HDR brachytherapy applicators and the
standard commissioning method verifies dwell positions using radiochromic
films whose time integrated response has several limitations and relevant
uncertainties. We developed and validated a novel system, Iridium Imaging
System (IrIS), that uses a 3D printed applicator and source holder and an
Imaging Panel (IP) to verify dwell times and positions.
Materials/Methods: A 3D printed holder (Figure 1a) with an imaging
channel, radiopaque markers and custom supports for applicators was
developed (patent pending). First, a background image is acquired followed
by a projected 192Ir gamma ray image of the applicator (Figure 1b) obtained
sending the HDR 192Ir source into the imaging channel. Third, the source

goes into the applicator dwelling at specific positions. Finally, the time-
dependent source position is extracted from the IP data with a maximum
acquisition rate of 33 fps. Finally, acquired data (applicator projection,
dwell positions and dwell times) are compared against treatment plans
(Figure 1c) exported from commercial Treatment Planning Systems (TPS).
Results: Applicator dimensions (projected image of the applicator -
Figure 1b) agreed with the manufacturer specifications within 0.5 mm.
Small deviations are due to the pixel size (0.13 mm), user variability and
manufacturing uncertainties. The dwell positions within the applicator
were determined with less than 0.2 mm uncertainty. Therefore, IrIS is
capable of verifying even the smallest clinical interdwell distance of 1
mm. Results are instantaneously available at the end of irradiation
without requiring any additional processing. Multiple measurements can
be performed consecutively to detect intermittent error (dozens of
measurements can be performed within 1h).
Conclusion: IrIS is a novel time-resolved method for applicator
commissioning that overcomes limitations of the current methods. It does
not require any additional radiation source using the HDR 192Ir source to
acquire a projection of the applicator. The measurement time is reduced
considerably since additional processing is not required and several
measurements can be performed in sequence.
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Purpose: This study aims to present the performance of a novel multi-
sensor dosimetry system as a tool for real-time dose measurements
(covering 3 orders of magnitude in dose rate), source position
triangulation and dwell-time assessment in HDR brachytherapy.
Materials and Methods: A previously characterized and optimized 3
points sensor system was used for in vivo HDR brachytherapy
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measurements. The detector was composed of three scintillators BCF-60,
BCF-12 and BCF-10. Scintillation light is transmitted through a single 1
mm diameter clear optical fibre and read by a compact assembly of
photomultipliers tubes (PMTs). Each component was numerically
optimized to allow for signal deconvolution using a multispectral
approach, taking care of Cerenkov stem effect as well as extracting the
dose to each element. PMTs are read simultaneously using NI-DAQ USB-
6289 M Series Multifunction (National Instrument) at a rate of 100 KHz
and controlled with homemade software based on Python. A 192Ir source
(Flexitron, Elekta - Brachy) was remotely controlled and sent to various
positions using a home-made PMMA phantom, which ensures 0.1 mm
positional accuracy. Dose measurements covering a range of 0.5 to 10 cm
from the source were carried out according to TG43 recommendations.
Several in-water measurements were done under clinically relevant
conditions including a prostate plan. The system performance was
quantified in terms of signal to noise ratio (SNR) and signal to
background ratio (SBR). The triangulation principle was used to report
the measured source position relative to its planned position. Additionally,
the dosimetric system temporal resolution was assessed by comparisons
of the measured source dwell time relative to the planned one.
Results: Differences between the multi-sensor system measurements and
TG-43 are within 5% in all the explored conditions, with the most
significant differences observed at larger distances. All scintillators
showed a standard deviation no greater than 4% of the mean dose
reading. The system SNR was found to be above 5 and SBR above 2 for
all dose rates (6 - 2000 mGy/s). The dosimeter further exhibits no angular
dependences (within 2%). For source position determination, the system
was able to provide an average location with a standard deviation no
greater than 1.3 mm. The maximum observed radial difference relative to
the expected value was 1.8 mm at 9 cm from the source. For sensor to
source distances within a range of 0.5 to 6.5 cm, the system can track the
source with an average difference relative to the expected value of 0.43 �
0.7 mm. The observed mean deviation between the planned and measured
source dwell time was 0.38 � 0.67 s.
Conclusions: A novel, multi-sensor dosimetric system was optimized for
HDR brachytherapy in vivo dosimetry and enabled measurements over a
wide range of clinical relevant dose rate. The system presented allows
real-time dose, source position and dwell-time measurements. It has
numerous potential in vivo QA/QC applications beyond the currently
available commercial dosimeters and build on its widely-known intrinsic
energy independence and water equivalence properties.
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Purpose: To present a novel high dose rate (HDR) brachytherapy treatment
planning model that handles dose volume histogram (DVH) metrics and
yields superior solutions to existing commercial treatment planning
system algorithms; the solution method iteratively solves a convex
approximation of the original non-convex DVH problem (Resulting in
greater computational efficiency and avoiding local minima).
Materials and Methods: We introduce a method that uses a series of convex
approximation models to the HDR optimization problem. The method is based
on the conditional value at risk (CVAR)methodology, which we havemodified
to better capture the types of dose distributions observed in HDRbrachytherapy
(e.g., high doses and dose gradients). Using CVAR Results in a convex
optimization problem that minimizes (maximizes) the average dose over a
volume that corresponds to the upper (lower) tail of the dose distribution. An
optimal solution to the CVAR problem may be suboptimal to the original
DVH problem. The extent of the resulting loss in plan quality is dependent
on patient anatomy, treatment site, and parameter selection. In order to
improve the plan quality, we modified the CVAR problem to systematically
exclude, or truncate, the voxels in the dose distribution that receive extreme

doses. This is done by iteratively eliminating the hottest (coldest) voxels in
the dose distribution and excluding them from the mean dose of the upper
(lower) tail of the distribution. The number of voxels that are truncated is
increased gradually until the tail consists of only a small number of voxels
surrounding the DVH quantile of interest. The truncated CVAR (TCVAR)
approximation remains convex, which allows the treatment planning
optimization model to retain computational efficiency. We applied our
method to three treatment sites to test the TCVAR algorithm over the range
of geometries and planning challenges encountered in HDR brachytherapy:
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Prostate, Breast, and Cervix. The Prostate treatment site included 18 interstitial
needles with 124 dwells, and PTVD95%, PTVD10%, Urethra D10%, Bladder
D1cc, and Rectum D1cc metrics. The Breast treatment site included a Savi 6-1
applicator and 59 dwells, and PTVD95%, PTVD15cc, Pectoralis DMax,
Chestwall DMax, and Skin Dmax metrics. The Cervix treatment site
included a tandem and ovoids applicator and 20 dwells, and PTV D95%,
PTVD10%, Bladder D2cc, Rectum D2cc, Small Bowel D2cc, and Ovoid
Surface metrics. The TCVAR algorithm was benchmarked against the
Eclipse treatment planning system (Brachytherapy Treatment Planning
v15.1, Varian Inc., Palo Alto, CA). Multiple plans were created using both
TCVAR and Eclipse optimization approaches, so that the resulting library
contained plans spanning a range of DVH varying approximately �15%
around the clinical (e.g., treated) plan. Data Envelopment Analysis (DEA)
was used to measure how far any plan was from being Pareto optimal with
respect to the library, which was quantified as a Pareto optimality gap
(POG), in units of %PTVD95. The approach that results in more plans with
smaller POGs was desirable.
Results: Figure 1 presents the cumulative histogram of the POGs for
Prostate, Breast, and Cervix treatment sites. For all three sites, the
TCVAR algorithm outperformed the Eclipse optimization algorithm (i.e.,
more plans were Pareto optimal and the likelihoods of Pareto optimality
gaps were lower). The TCVAR algorithm outperformed the commercial
system by up to 4.8%, 2.8%, and 1.1%, respectively, for the Prostate,
Breast, and Cervix sites. Plan optimization times were typically on the
order of one minute, and generally shorter than the commercial system
for the more complicated cases (e.g. the Prostate example).
Conclusions: We present a novel optimization algorithm that is
computationally efficient, and produces plans with superior DVH metrics
as compared with an existing commercial solution for HDR treatment
planning.
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Purpose: Alpha-particle emitting radiopharmaceutical therapy (aRPT) is
emerging as a highly potent treatment for metastatic cancer. Actinium-
225 has a half-life of 10 days and a net emission of four a-particles per
decay, which makes it attractive for aRPT. When the first a-particle is
emitted from the Actinium 225 atom the chemical bond between the
vector and the atom is broken and the decay daughters are free to relocate
within the in vivo system, which depends on the pharmacokinetics of the
daughter radionuclides as well as the localization of the vector labeled
225Ac. Ac-225 decay does not have associated photons for imaging,
however, its daughter 213Bi does. Assuming full decay of all radionuclides
at the site of measurement will likely result in an over- or
underestimation in the dosimetric calculations for the tumors or normal
tissues. Measuring ex vivo murine samples repeatedly over time and
fitting the resulting counts per organ to exponential decay function
provides the information necessary to determine activity of the
vector-225Ac as well as the amount of re-localizing daughters. Secondly,
non-uniform localization of any of the activities in an organ will result in
non-uniform dose distributions, therefore small scale anatomical
modeling was used to establish the dose to the different sub-organ
compartments when necessary (glomeruli, tubules for the kidney).
Materials and Methods: In this study we investigated vector labeled 225Ac
and unbound 213Bi, which has the longest half-life of the 225Ac decay
daughters and is known to relocate and accumulate in the kidneys. We
compared the pharmacokinetics of in vivo generated 213Bi and vector
labeled 225Ac for three different vectors in murine cancer models (7.16.4
antibodies against breast cancer; anti-VLA-4 antibodies against melanoma;

PSMA-targeted small molecule against castrate resistant prostate cancer).
The mice were injected i.v. by the tail vein with the 225Ac labeled vectors
and sacrificed at specific times after administration. The organs and tissues
of interest were blood, liver, kidneys and spleen, which were harvested and
directly measured in a gamma well counter in 1 minute intervals for up to
5 hours. The measured data was fitted with a bi-exponential function to
determine the amount of unbound 213Bi and vector labeled 225Ac present in
the different tissues. One of each pair of kidneys was frozen and cryo-
sectioned. Neighboring slices were paired, with on slice imaged with an a-
Camera and an adjacent slice stained for histology. The images from the a-
Camera were quantified, registered to the histological slides and the
activities associated with the sub-organ units identified by histology.
Results: All murine models showed accumulation of unbound 213Bi in the
kidneys, accounting for ~60%of themean absorbed dose to the kidneys. The
main supplier of the unbound 213Bi to the kidneys for the small molecule and
the anti-VLA-4 was the liver, and for the 7.16.4 the blood. In addition,
vector labeled 225Ac has shown to be uniformly distributed for 7.16.4,
and non-uniform for anti-VLA-4 and the small molecule in the kidneys.
The proximal tubules were the locus of prioritized uptake in the kidneys,
both for the bound 225Ac and the free 213Bi, although in differing degrees
depending on the vector and isotope.
Conclusions: This study shows that the delivery of 225Ac using different
vectors changes the pharmacokinetics and supply of unbound 213Bi to the
kidneys. This is important for translation to clinical studies as kidney
toxicity is likely to be dose-limiting and in vivo imaging of 225Ac does
not distinguish between the vector labeled 225Ac and unbound 213Bi,
Resulting in an possible overestimation of the absorbed dose to the
kidneys and underestimation of the supplying tissues. Combining the
pharmacokinetics with small scale modeling results in more accurate
absorbed dose calculations that relate more closely to observed toxicity
than whole organ absorbed dose values.
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Purpose: In high dose rate (HDR) intensity modulated brachytherapy
(IMBT), metallic shields are incorporated inside applicators or catheters.
By using a rotating shield technique, radiation is dynamically directed
towards the tumor and away from the organs at risk (OARs). The
Resulting dose distribution can better conform to the shape of the tumor.
This would enable escalating the dose inside the tumor while more
effectively shielding the OARs. In this work, we evaluate the capabilities
of novel MR-compatible shield designs for cervix IMBT. The shields
require a single channel, no wider than modern intrauterine tandems.
Three distinct shield models composed of tungsten were evaluated using
192Ir, 75Se and 169Yb HDR sources.
Materials and Methods: Three novel rotating tandem shield designs, made
of tungsten, with a length of 60.0 mm and diameter of 5.45 mm were
modeled for Monte Carlo (MC) simulation. The Type-A shield is a solid
cylinder with a single channel groove. The source channel was designed
with a radius of 0.665 mm to accommodate the Flexisource 192Ir source
(Elekta Brachy, Veenendaal, Netherlands). The Type-B shield is a solid
cylinder with the channel attached to the shield surface. The Type-C
shield resembles a flute due to the innovative beam slits along the surface
of a shield that collimate the source which travels within a channel bored
1 mm from the shield surface. Type-C beam slits have a diameter of 1
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mm and are spaced 5 mm apart. All designs are compatible with our
previously presented rotating IMBT delivery system and will connect
through an innovative joint which enables the transfer of rotational force
while maintaining the bend required for the angled tandem. This will be
presented in a separate work as this portion of the geometry is below the
area of interest and will have little to no effect on dosimetry. Simulations
were performed with the MC-based treatment planning system,
RapidBrachyMCTPS using 192Ir, 75Se and 169Yb as the active cores of a
Flexisource source model placed in a (40 cm)3 water phantom. All dose
distributions were normalized at 1 cm from the tandem center, on the
transverse-plane at 0�. Transmission factors (TFs) were defined as the
dose ratio at 1 cm on opposite sides of the shielded tandem (Dose[1 cm,

180�]/Dose[1 cm, 0�]). To quantify the variation in dose as a function of
azimuthal angle, radial anisotropy was extracted from the simulations.
Results: TFs for the Type-A shield were 12.4%, 3.4% and 1.0% for 192Ir,
75Se and 169Yb, respectively. Similarly, Type-B shield TFs were 5.6%,
1.2% and 0.3%, and Type-C shield TFs were 24.1%, 8.6% and 2.7%. In
order to design a shield with a narrow emission window, the Type-C
shields required the source channel to be placed closed to the tandem
center, which increased the transmission relative to Type-A. Type-C
shield did exhibit a narrower beamlet when observed on longitudinal and
axial planes. Derived radial anisotropy curves were quite favorable for
IMBT and are indicative of a directional emission. The novel tungsten
shields achieved an attenuation of at least 50% over an average arc of
208�, 243� and 273� for shield Type-A, Type-B and Type-C, respectively.
Conclusions: While additional investigation is warranted to determine the
clinical impact of these findings, this study indicates that IMBT has
exceptional dose modulation capacity thanks to the rotating technique of
our design which requires only a single channel and therefore allows
more shielding Material to fit inside a modern MR-compatible
intrauterine tandem. In addition to significantly attenuating the absorbed
dose from 192Ir, rotating-shield IMBT is capable of even greater dose
modulation with lower energy sources such as 75Se and 169Yb and opens
up an exciting new avenue for HDR brachytherapy.
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Purpose: Treatment of refractory psoriasis of the nails and nail beds can be
challenging. Contact brachytherapy is an attractive approach to deliver
radiation to the distal fingers and nail beds, given the complex topology
of the region. In this abstract, we discuss the development and
commissioning of novel 3D-printed surface applicators for high-dose-rate
brachytherapy treatment.
Methods: A young woman with distal finger and nail bed psoriasis,
refractory to traditional and biologic therapies received high-dose-rate

brachytherapy at our institution. The process of manufacturing the
applicator included the following: a dental alginate impression of distal
digits of her right hand was created. A stone mould replica of the digits
was then formed which was laser scanned and imported into a computer
drafting software. The catheter pathways were designed with a distance
of 3mm from the surface. Eight individual catheters were equally
distributed around each finger for a total of 40 catheters. Five distinct
applicators were printed using a Clearview photopolymer (3D Systems
Inc., USA) shown in figure 1A. Each applicator was CT scanned with
line markers in place. The dimensions and integrity of each applicator
was validated, subsequently, the images imported into Oncentra Brachy
treatment planning system. Distal 3-4 cm (from the tip to the proximal
interphalangeal joints) of all five digits were treated to a total dose of
2160 cGy at the surface in 12 daily fractions; extra care was taken in
the region of the nail bed to avoid hot spots. Separate plans were
developed for each digit and delivered on a phantom with an optically
stimulated luminescent dosimeter (OSLD) that was normalized for Ir-
192 energy response. Custom lead shielding, which surrounded the
patient’s hand was designed and fabricated to limit the whole body dose
to less than 5mSv.
Results: Five optimized plans were developed that normalized the
prescription dose of 160cGy to a depth of 2mm, such that 180cGy
per fraction (total dose 2160cGy) to the surface was achieved as
shown in figure 1B. OSLD measurements corresponded to the
treatment plan within the median difference of 2.7% (range -1.7% to
7.1%). The plan for the third digit had the highest dose discrepancy
(7.1%) secondary to contribution from the surrounding digits. The
discrepancy is likely due to the TG-43 calculation inadequately
accounting for the lack of attenuation from the air between each of
the applicators. The whole body dose measured by an OSLD placed
at the proximal arm was confirmed to be less than 0.25mSv from the
entire treatment.
Conclusions: Customized 3D printed brachytherapy applicators for
treatment of skin conditions in topologically difficult surfaces are
feasible. Optimized treatment plans to deliver uniform dose to the surface
while limiting dose to whole body and other organs are achievable.

Figure 1(A) 3D printed applicators with 8individual catheters equally

spaced around each digit. (B) Dose distribution of all five digits, sagittal

(top row), coronal (middle row) axial (bottom row) views. Red isodose line

correspondto 160 cGy at a depth of 2mm inside the tissue andyellow

isodose line corresponds to 180 cGy at the surface of each digit.
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Predicting Deliverability for Nasobiliary

High Dose Rate Brachytherapy Patients:

A Retrospective Evaluation of Patient

Catheter Curvature and Comparison with

QA Results

Birjoo D. Vaishnav, Ph.D., Christopher L. Deufel, Ph.D. Mayo Clinic,

Rochester, MN, USA.

Purpose: Nasobiliary high dose rate brachytherapy has recently emerged as a
minimally invasive option to escalate the radiation boost for liver transplant
eligible cholangiocarcinoma patients. However, depending upon patient
anatomy, the force on the source wire that is required to navigate the long
and tortuous nasobiliary pathway may exceed the capability of the HDR
afterloader’s source drive motor. The purpose of this study was to
determine whether it is possible to anticipate treatment deliverability
problems using a measurement of the patient’s catheter curvature. Toward
this goal, we performed a retrospective analysis to measure the catheter
curvatures for previously treated nasobiliary HDR patients. We provide a
comparison of this clinical data with Results from a previously published
custom quality assurance (QA) device [1] as well as the manufacturer’s
specifications for the smallest recommended catheter radius of curvature.
Materials and Methods: A chart review was performed for patients treated
with nasobiliary HDR between fall 2012 and fall 2018. Based on availability
of CT data sets with sufficient caudal extent to be able to resolve the
duodenal curve, 76 patients (102 catheters) were chosen for the study. All
of the patients were successfully treated. The minimum duodenal and
biliary catheter radii of curvature were manually determined from the CT
images. The radii of curvature for each catheter was converted into a QA

score according to the scoring metric from Deufel et al.[1] and
manufacturer specification was taken from the VariSource iX manual.
The Deufel et. al QA score is greater for deliverability through pathways
with smaller radii of curvature. Additionally, a case study for a recent
patient in which the afterloader had difficulty extending the source wire
into the treatment site was reviewed.
Results: The radius of curvature for the bile duct (duodenum) had a mean
value of 2.94 cm (2.39 cm) and ranged from 1.4 cm to 10 cm (1.1 cm to 5.8
cm). The minimum curvature radius in a patient’s catheter was smaller (e.g.
more restrictive) than the manufacturer specification threshold in 9% of
catheters. In 5% (15%) of the catheters, the clinical radius of curvature
corresponded to a required QA score that exceeded the maximum (mean)
afterloader QA performance reported by Deufel et al. Since all of the 76
patients were successfully treated, the Results indicate that the rigid QA
device underestimates deliverability, likely due to non-rigid patient
anatomy. This hypothesis is supported by a clinical case where intrafraction
changes in the catheter’s radius of curvature due to motion of the duodenum
were observed. Another case, where the afterloader had great difficulty in
extending the source wire into the treatment site, suggests that the catheter
radius of curvature may be used to predict potential deliverability issues.
During this case, the patient’s catheter dimensions corresponded to a QA
score of 26. The afterloader had a QA score of 25 and was unable to extend
the source into the treatment site. The service engineer helped to adjust the
software force parameters to increase the QA score to 28, and subsequently,
the afterloader was able to deliver the treatment. Thus the catheter radius of
curvature, along with the afterloader QA score, may be used to anticipate
treatment deliverability issues.
Conclusions: A retrospective analysis of nasobiliary HDR patients revealed a
range of catheter curvatures, many of which are equal to or smaller than the
minimum radius of curvature specified for the VariSource iX afterloader.
The minimum radius of curvature typically occurred at the location of the
duodenum. The afterloader was able to extend the source wire into the
treatment site without incident in all patient cases, likely due to the non-rigid
nature of the patient anatomy. Results suggest that the catheter curvature
may be used for deliverability QA, to anticipate when the afterloader might
have difficulty extending the source wire into the treatment site.
Reference: 1. Deufel et al Brachytherapy, 17(4),2018.
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Towards an Ultra-Fast GPU-Based Multi-

Criteria Optimization Algorithm for HDR

Brachytherapy

C�edric B�elanger, M.Sc1,2,3, Songye Cui, M.Sc1,2,3, J. Adam M. Cunha,

Ph.D4, Luc Beaulieu, Ph.D1,2,3. 1D�epartement de physique, de g�enie

physique et d’optique, Universit�e Laval, Quebec, QC, Canada;
2D�epartement de radio-oncologie et Centre de recherche du CHU de

Qu�ebec, CHU de Qu�ebec - Universit�e Laval, Qu�ebec, QC, Canada;
3Centre de recherche sur le cancer de l’Universit�e Laval, Universit�e
Laval, Qu�ebec, QC, Canada; 4Department of Radiation Oncology,

University of California, San Francisco, CA, USA.

Purpose:Most inverse planning optimization algorithms used in clinic such
as Inverse Planning Simulated Annealing (IPSA) are designed to quickly
optimize a single treatment plan based on a population-based template
objective function called class solution. Since the weight values of each
individual objective are patient specific, the user may have to manually
change the weight values of the class solution and make several attempts
to obtain a plan that encapsulates all the goals set forth by the physicians.
This iterative process can be time consuming and can be dependent on
the optimization skills of the user. This study intends to facilitate this
process by proposing a graphics processing units (GPU)-based L-BFGS
or gL-BFGS optimizer (Limited-memory Broyden Fletcher Goldfarb
Shanno) which can calculate multiple plans in parallel for multi-criteria
optimization (MCO) for high-dose-rate (HDR) brachytherapy. Thus a
patient-specific plan pool of Pareto optimal plans can be generated in
real-time for each patient from which the user can chose the most suitable
option depending on the clinical situation.
Materials and Methods: 462 previously treated HDR brachytherapy
prostate cases were used to benchmark the performance of a novel MCO
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algorithm (referred to as gMCO algorithm) that incorporates the gradient-
based gL-BFGS optimization algorithm. In order to widely populate the
Pareto Front with gMCO, a plan pool of 500 plans was generated with
gL-BFGS optimizer with various trade-offs around a dedicated class
solution for each patient. From the plan pool, the plan with the highest
target coverage (gMCO plan) was automatically selected according to
RTOG-0924 protocol dosimetric criteria. The total planning time as well
as that for each key parts of the gMCO algorithm were compiled. The
CPU computations (initial dose calculation points creation and dose rate
matrix calculation) were executed on an Intel Xeon CPU (E5-2620 v3 @
2.40 Ghz) and the GPU computations (optimization with gL-BFGS
optimizer and dose-volume histogram (DVH) calculations) were executed
on an NVIDIA Titan X (Pascal) GPU. gMCO plans were compared with
the IPSA physician-approved plans (clinical plans).
Results: The mean target coverage was higher for gMCO plans (97.1%)
than clinical plans (95.3%). Over the 462 cases, the number of RTOG
valid plans was 428 (92.6%) for clinical plans and was 461 (99.8%) for
gMCO plans. Furthermore, the number of RTOG valid plans with target
coverage greater than 95% (V100O 95%) increased from 288 (62.3%) for
clinical plans to 404 (87.4%) using gMCO. The mean planning time for
clinical plans was not recorded in this study. However, based on our
observations, the mean planning time could be a few minutes. On the
other hand, the mean plan generation time for 500 simultaneous plans per
patient was 9.3 s for gMCO algorithm, of which 99.6% were found to be
Pareto optimal. Specifically, it took 7.3 s (80% of the planning time) to
create the initial dose calculation points. The optimization time itself with
gL-BFGS optimizer took 0.9 s (10% of the planning time). The rest of the
time (1.1 s) accounted for the dose rate matrix and the DVHs computations.
Conclusions: gMCO algorithm is an ultra-fast and robust inverse planning
algorithm that improves treatment plan quality relative to current state-of-
the-art algorithm without any user interventions. By varying the target
and organs at risk weight values around the standard, clinical accepted
values, clinically feasibility of MCO was demonstrated. gMCO algorithm
allows the end users to choose, from a Pareto Front of optimized plans,
the best patients specific plan for the given clinical situation.
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Automatic Detection of Catheter

Reconstruction Error, Misconnection, and

Inter-Fractional Catheter Displacement in
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Brachytherapy: Data Analysis for an

Electromagnetic Tracking System
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1Biomedical Department, Polytech Marseille, Marseille, France;
2Radiation Oncology, University of California Los Angeles, Los Angeles,

CA, USA.

Purpose: Interstitial catheters can be shifted between the fractions due to
patient motion, transportation, and reposition. Inter-fractional catheter
displacement, catheter reconstruction error, and misconnection could
significantly affect the accuracy of dose delivery in high-dose-rate
interstitial brachytherapy. These human errors occurred during the
planning and the treatment procedures can cause serious reportable
events. We have developed a software program to analyze
inter-fractional catheter displacement and automatically detect catheter
reconstruction error and misconnection by simulating an
electromagnetic tracking system.
Materials and Methods: In order to simulate data acquisition of the
electromagnetic tracking system, 3D positions of interstitial catheters and
reference markers (fiducial seeds or sensors) on the initial planning CT
and the pre-treatment verification CT for each fraction were
reconstructed, exported from the brachytherapy treatment planning
system, and resampled with 1 mm resolution with a MATLAB program.
The Singular Value Decomposition (SVD) method was used to obtain a
3D transformation matrix between the initial reference marker positions
and the marker positions of each fraction. The transformation matrix was
applied to the initial catheter locations to register with the catheter
locations prior to each fraction. Then inter-fractional displacement for
each interstitial needle was evaluated with the distance in 3D between the
initial and the pre-treatment catheter locations. Furthermore, catheter
reconstruction errors occurred during the planning procedures and
catheter misconnection during the treatment procedures have been
simulated by adding the errors such as flipping, overlapping, swapping,
crossing, or shortening catheters (kinked or broken needles) to the initial
catheter positions or the pre-treatment catheter locations. Then the same
software was used to detect these errors and misconnection.
Results: Inter-fractional catheter displacement for a high-dose-rate prostate
case using 18 interstitial catheters is shown in Fig 1(a). The distances in 3D
between the initial and the pre-treatment catheter locations are displayed
with green (1 to 3 mm), blue (3 to 5mm), yellow (5 to 10 mm), and red
(O10 mm). Figs. 1(b-g) show that the software qualified and quantified
catheter reconstruction errors and misconnection.
Conclusions: By analyzing interstitial catheter locations in 3D generated
from simulation of the electromagnetic tracking system, we have
demonstrated that human errors during the planning and the treatment
procedures as well as inter-fractional catheter displacement could be
automatically and accurately detected and visualized.

Fig. 1. Detection and visualization of inter-fractional catheter displace-

ment, catheter reconstruction error, and misconnection.
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The Theoretical Benefits of a 15 Ci Ir-192

Source for HDR Brachytherapy

Christopher Jason Tien, Ph.D., Zhe Chen, Ph.D.,

Shari Damast, M.D., Melissa Rasar Young, M.D., Ph.D., David J. Carlson,

Ph.D. Dept of Therapeutic Radiology, Yale University School of Medicine,

New Haven, CT, USA.

Purpose: Many US institutions have high dose rate (HDR)
brachytherapy licenses for Ir-192 sources which are limited by
licensure to a maximum activity of 10 Ci. Considering the half-life of
73.8 days for Ir-192, treatment times are more than doubled (2.3x)
when using a 90-day source exchange cycle. Total dwell times for an
individual single delivery fraction can routinely exceed 20 minutes for
procedures such as HDR prostate monotherapy. This study investigates
the theoretical radiobiological impact of using an Ir-192 source with
an initial activity of 15 Ci compared to a 10 Ci source on 90- and 60-
day exchange cycles.
Methods and Materials: We estimated the biologically effective dose
(BED) for a variety of scenarios and treatment sites (Table 1) using
the linear quadratic (LQ) model including the Lea-Catcheside dose
protraction factor G which depends on treatment duration and rate of
DNA damage repair. For prostate cancer, a repair half-time of 0.27 h
and a/b53 Gy were assumed (AAPM TG-137). A repair half-time of
1.5 h and a/b510 Gy were assumed for all other sites consistent with
GEC-ESTRO guidelines. BED calculations were performed for only a
single fraction, therefore radiobiological parameters for cellular
proliferation in the BED equation (Tk, Tp, a) were neglected.
Treatment times were assigned given the prescription dose per
fraction and are summarized in Table 1. Dwell times were scaled for
90- and 60-day exchange cycles assuming 5.7 Ci and 4.3 Ci activity,
respectively.
Results: For prostate cancer, using Table 1 treatment time of 0.25 h with
a 10 Ci source, the dose protraction factor G ranged from 0.64 for 0.58 h
(4.3 Ci source, 19 Gy) to 0.91 for 0.08 h (15 Ci source, 9 Gy). For single-
fraction prostate monotherapy, BED is estimated to be ~17.7% or
~10.6% lower for a 90- or 60-day old source, respectively, compared
with a 10 Ci source. For a 15 Ci source, the BED for prostate
monotherapy is estimated to be ~5.7% higher than for a 10 Ci source.
For other common HDR sites assuming a repair half-time of 1.5 h, G
approaches unity with decreasing treatment time, with a value of
G50.927 for 0.5 h delivery and GO 0.95 for deliveries shorter than 20
minutes. Assuming a/b510 Gy, BED varied ! 2% between 5 and 15
Ci source.
Conclusions: For most cancers, HDR treatment delivery is short enough
and intrafraction repair is slow enough that differences in BED
Resulting from extreme ranges of source activity are negligible.
However, for prostate cancer, repair half-times may be on the same
order of magnitude as delivery times. As a result, BED may vary
significantly with source activity, and theoretically could be almost
10-20% lower by the end compared with the beginning of a 90-day
exchange cycle with a nominal 10 Ci source. In addition to improving
efficiency by decreasing delivery time, our study suggests that
licensure which permits 15 Ci could potentially yield a radiobiologic
advantage for delivery of HDR brachytherapy, particularly for prostate
cancer. Current work is underway in re-evaluating the increased dose
rate effect on normal tissue toxicity and recalculating the therapeutic
ratio.
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Purpose: Transarterial Radioembolization (TARE) is used to treat both
primary and metastatic liver cancer. Microspheres labeled with the beta
particle emitting radioisotope 90Y (Yttrium 90) are injected into the
hepatic artery and deposit preferentially around liver tumors. Current
radiation dosimetry models are simplistic and potentially underestimate
the amount of activity required to deliver a tumoricidal radiation dose.
Utilizing a very small positron emission in 90Y, PET imaging is being
studied to improve the radiation dose delivered in these treatments and
develop better treatment guidelines.
Materials and Methods: In this IRB approved, retrospective review there
were 15 TARE procedures performed on 14 patients. Patients were asked
permission for additional PET/CT imaging following their TARE
procedure. Each patient had SPECT/CT and PET/CT within 4 hours of
completion of TARE utilizing SIR-Spheres�. PET/CT images were
acquired on a GE Discovery MI DRTM system. Standard calibration of the
PET/CT with 18F (Fluorine 18) was used along with the half life and
branching ratio for the positron emission from 90Y. The PET/CT data
were reconstructed using Ordered Subsets Expectation Maximization
(OSEM) routines and GE Healthcare Q.Clear, a Bayesian penalized-
likelihood reconstruction algorithm. In total 6 image sets were generated
for each patient from the imaging data, 2 from OSEM and 4 from
Q.Clear. Each image set was analyzed with MIM Software SurePlanTM.
Results: The initial analysis of the images was to verify the total activity
reconstructed in an image. The CT image was used to create an external
contour of the patient as well as other anatomy. The patient contour was
used to calculate the total activity delivered to the patient. On average PET
images gave a 45% higher delivered activity than what was measured with a
well chamber when preparing the SIR-Spheres� for patient treatment. Noting
this difference, all further analysis was conducted on PET images scaled so
that the image activity agreed with the well chamber activity. The Q.Clear
algorithm has one free parameter termed b. We took the b54000 value1 as
our standard and compared all other reconstruction variations to it. Activity
in various patient contours will be presented as well as activity profiles for
all image sets. Dosimetry calculations using SurePlanTM will be presented as
isodose images, line profiles and DVH analysis.
Conclusions: For PET/CT following TARE, the Q.Clear reconstruction
algorithm gives dosimetric Results consistent with accepted OSEM
reconstructions.
Reference: 1. L.M. Rowley, K.M. Bradley, P. Boardman, A. Hallam, and
D.R. McGowan, Optimization of Image Reconstruction for 90Y Selective
Internal Radiotherapy on a Lutetium Yttrium Orthosilicate PET/CT
System Using a Bayesian Penalized Likelihood Reconstruction
Algorithm, J Nucl Med 58(4), 658-664 (2017).
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Purpose: To test the radiobiological impact of hypofractionated uveal
melanoma brachytherapy (BT), we calculated a hypo-fractionated
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equivalent dose (HFED) to the tumor that equates to 85 Gy of I125 low dose
rate (LDR) BT for cases with and without vitreous replacement (VR).
Corresponding organs-at-risk doses (OARs) were estimated.
Materials and Methods: Clinical data from 284 ocular melanoma treatments
at our institution were examined with appropriate approval from our
institutional review board. We assumed the hypofractionated treatment would
be performed using a low energy x-ray source such as the 50 kVp Zeiss
Intrabeam, which emits a dose rate of approximately 2.5 Gy/minute at 1 cm
in water from the source. The HFED tumor values were calculated from
tumor BED using two available radiobiological models: linear-quadratic
(LQ) and universal survival curve (USC). Point doses to the retina opposite
the implant (a/b 5 2.58), macula (2.58), optic disc (1.75), and lens (1.2)
were examined. The relationship between the dose to tumor and OARs was
assumed to be driven largely by anatomic geometry, therefore this
relationship was considered to be invariant for hypofractionated delivery
compared to normal or LDR fractionation. The HFED OAR values were
converted into BED and equivalent doses in 2 Gy fractions (EQD2) by using
both LQ and USC models, and compared to those obtained with I125 LDR
BT. These were also re-calculated considering the case in which VR with
1000 centiStoke (cSt) silicone oil is utilized in the treatment.
Results: Single treatment delivery via eBTwith VR Resulted in OAR doses
that were significantly less than current I125 LDRBT. The USC-based BED
and EQD2 doses of the retina, macula, optic disc and lens were on average
17� 1% (p!0.001), 34� 7% (p!0.001), 39� 8% (p!0.001), and 35�
8% (p!0.001) of those for I125-BT, respectively. The LQ-based BED and
EQD2 doses of the retina, macula, optic disc and lens were on average 17�
1% (p!0.001), 45� 16% (p!0.001), 48� 16% (p!0.001), and 36� 1%
(p! 0.001) of those for I125-BT, respectively. The HFED tumor values
were 29.8 � 0.4 Gy when using both USC and LQ models, with delivery
within 30 minutes using eBT. Regardless of the use of either USC or LQ
model, a single fraction of eBT with natural vitreous resulted in
significantly higher OAR doses to the macula, optic disc and lens, on
average 162 ~ 171% (p ! 0.001), 177 ~ 212% (p ! 0.001), and 142 ~
289% (p! 0.001) of those for I125 LDR BT, respectively. This implies
that single fraction eBT without VR may not be feasible. These results are
illustrated in Figure 1 as calculated from cohorts of notched and non-
notched episcleral plaque treatments from our clinical database.
Conclusions: The hypofractionated (single-fraction) equivalent doses using
high dose rate eBT could be delivered within 30 minutes and could
significantly reduce OAR doses (17 ~ 39%) relative to I125 LDR BT
when vitreous replacement with 1000 cSt silicone oil is simulated.

Further in-vitro dosimetric validation experiments in animal models
(porcine eye) are planned.
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Dosimetric Characterization of a New
169Yb Source for High Dose Rate

Brachytherapy

Gabriel Famulari, MSc, Shirin A. Enger, PhD. Medical Physics Unit,

McGill University, Montreal, QC, Canada.

Purpose: To evaluate the TG-43 parameters for a new 169Yb source design
for high dose rate brachytherapy. 169Yb has an average energy of 93 keVand
a half-life of 32.0 days. The 169Yb source has physical dimensions and
dosimetric characteristics that make it suitable as an intermediate energy
source for intensity modulated brachytherapy (IMBT).
Materials and Methods: Simulations were performed using
RapidBrachyMC, a previously validated Monte Carlo (MC) code for
brachytherapy applications based on Geant4 10.4. The active core of the
source, which consists of Yb2O3 (6.9 g cm-3), has a diameter of 0.4 mm and
a length of 3.2 mm. The active core is enclosed in a 304 grade stainless steel
capsule (8.0 g cm-3) with an outer diameter of 0.6 mm and a wall thickness
of 0.1 mm. Photons were tracked using the standard Penelope physics list
with atomic deexcitation activated. The air kerma strength per unit activity
was calculated in a large voxel (10�10�0.05 cm3) at 100 cm from the
source and corrected to give the air kerma strength at a point. The dose rate
in water per unit activity D(r0,q0)/A was calculated in a water phantom with
a radius of 40 cm using spherical shells divided in 5� sections. The shell
thickness varied with the radial distance r from the center of the active core
as follows: 0.1 mm (r # 1 cm), 0.5 mm (1 cm! r # 5 cm), 1.0 mm (5 cm
! r # 10 cm), and 2.0 mm (10 cm! r # 20 cm). A total of 108 photons
were simulated to obtain statistical uncertainties below 0.2%.
Results: The total photon yield was 3.803 photons per disintegration. The
air kerma strength per unit activity SK/A was 1.22�0.03 U mCi-1. The
dose rate per unit activity D(r0,q0)/A at r0 5 1 cm and q0 5 0� was
1.47�0.03 cGy h-1 mCi-1. The dose rate constant L was 1.20�0.03 cGy
h-1 U-1. The radial dose function g(r) increases for r O 5 cm, reaches a
maximum of 1.17 at r 5 5 cm and decreases for rO 5 cm (Figure 1a).
The relatively high values are attributed to the increased contribution of
multiple-scattered photons to dose at greater depths. The 2D anisotropy
function F(r,q) ranges between 0.45 and 1.0 over all polar angles at r 5 1
cm (Figure 1b). The 2D anisotropy function F(r,q) decreases at low polar
angles, and increases with increasing distance r from the source.
Conclusions: TG-43 parameters for a new 169Yb source model were
calculated using MC methods. The source can be used in combination the
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recently developed AIM-Brachy1 system to deliver IMBT. The Results will
be validated with measurements in-air and in-water.
Reference: 1. Famulari G, Enger SA. Intensity modulated brachytherapy
system for dynamic modulation of shielded catheters. Radiother Oncol
2018;127:S90.
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Purpose: To develop a simple and efficient prediction model for estimating
the skin dose during intraoperative radiation therapy (IORT) for breast
cancer that utilizes the ultrasound skin bridge readings obtained as part of
the treatment preparation.
Materials and Methods: Patients were treated on the Zeiss INTRABEAM-
600 IORT system according to the TARGIT protocol prescribing 20 Gy at the
surface of the spherical applicator inserted into the breast cavity following the
lumpectomy. When the applicator is placed, ultrasound readings were
performed measuring the distance from the applicator to the skin in the
inferior, medial, superior and lateral direction. Four sterilized optically
stimulated luminescence dosimeters (OSLDs) were then placed on the skin,
one at each of the corresponding ultrasound measurement locations and in
vivo skin dose readings were obtained. Due to the strong energy dependence
of the OSLDs, a dedicated calibration curve was derived for the
INTRABEAM-600 system that uses a 50 kVp source, to ensure that accurate
skin dose readings were obtained. To generate the prediction model, a semi-
empirical function estimating the in vivo skin doses measured using OSLDs
as a function of the corresponding applicator-to-skin distances measured via
ultrasound, with the function anchored at 20 Gy at distance zero.
Results: Skin dose readings were obtained for 24 consecutive patients
receiving IORT to 25 lumpectomy cavities, as one patient had bilateral
disease. This Resulted in 99 measurement points of skin dose and
corresponding skin bridge distance (one measurement was lost as a reliable
ultrasound distance could not be obtained). The best fit prediction model is
shown in Figure 1 along with 95% confidence intervals (CIs). The model is

well fit to the measured data with few points outside the 95% prediction
bounds, and results in a root-mean square error of 0.60 Gy, which can be
viewed as the average uncertainty in the estimated skin dose. The model
follows an exponential-plateau relationship described by Dskin(Gy) 5
19.43*exp(b*Xdist(mm))þ0.57, where b5 -0.221 (95% CI: -0.236 , -0.206).
Conclusions: The presented prediction model is able to estimate skin dose
solely based on ultrasound skin bridge measurement and can therefore be
used to define thresholds for the minimum acceptable skin bridge,
depending on the acceptable skin dose tolerance. Prospective validation of
this prediction model in a new set of patients is currently underway.
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Purpose: Patient dose verification is an important part of radiation oncology; it
gives the physician and physicist confidence that the treatment planning system
is accurately calculating the dose the patient is receiving. There are several
options available for external beam patient dosimetry, but due to high dose
gradients around the source, there are few options for verifying dose in
brachytherapy. OARtrac (AngioDynamics, Latham NY), a real-time in vivo
dosimetry system that uses water equivalent micro plastic scintillating
detectors (PSD), could be the solution to patient dose verification for
brachytherapy. The goals of this project are to better understand the OARtrac
in vivo dosimetry system and evaluate the feasibility of using the system for
real-time in vivo dosimetry for high dose rate (HDR) brachytherapy.
Materials and Methods: The OARtrac PSDs for HDR are four millimeters
long with a half millimeter diameter and are connected to the control unit by
fiber optic cables. The OARtrac software shows measured dose in real-time,
instantaneous dose rate, and cumulative dose from any previous fractions. To
evaluate this system, a one-centimeter solid water phantom was used. This
slab contained a central notch for a 6F brachytherapy needle with additional
notches, for the PSDs, located various lateral distances from the central notch.
The CIRS tissue-equivalent ultrasound prostate training phantom was also
used to evaluate this system by simulating both a simple (four needle) and
complex (sixteen needle) prostate treatment. For both cases in the CIRS
phantom, an additional needlewas placed centrally, where the PSDwas inserted.
Results: In the solid water phantom, for a stationary sourcewith dwell times
ranging from 1- 90 seconds, at distances of one, two, and three centimeters
laterally, the measured dose using the OARtrac PSDs was within 5% or 0.5
cGy of the dose calculated in the Oncentra treatment planning software. In
the prostate phantom with four needles, the same 4.5 cm length on each
needle was activated with each dwell position having equal dwell time.
This plan was delivered five times, each time the PSD was inserted to a
different position within the central needle, with all five positions falling
within the treatment volume. The measured doses at all five positions
were within 4.5% of calculated dose; the measured doses at four of those
positions were within 2.5% of calculated dose. For the sixteen needle
plan, the PSD was placed near the distal end of the treatment volume.
The plan was delivered twice using the same PSD, the cumulative doses
measured were 1.18% � 0.1% of the calculated dose.
Conclusions: OARtrac is the only commercially-available patient dosimetry
system available that provides real-time dose information and it provides
precise and accurate Results. As other uses are investigated and software
upgrades continue to improve clinical workflow, the OARtrac real-time in
vivo dosimetry system could become an invaluable tool for brachytherapy.
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Introduction: Leipzig type applicators were designed for small punctate
lesions. However, one of the main disadvantages in this single-dwell
applicator is the rapid dose fall-off, which limits the largest area to only
16 mm at 3 mm prescription depth, assuming the edge of the lesion to
receive at least 80% central-axis dose. By selectively aligning the stem
and employing multiple dwell positions within the stem, the area
receiving useful dose may be enlarged.
Materials and Methods: Planning for multiple dwell positions was
facilitated by our clinic’s recent commissioning of AcurosBV and
implementation of the Eclipse (Varian Medical Systems, Palo Alto, CA)
treatment planning system’s solid applicator library. The Leipzig applicator
is designed such that the tip does not reach the opposing side of the
applicator, therefore, only a maximum of three dwell positions can be used
if symmetric loading is desired. However, an additional 2 positions are
physically available in the stem before reaching the edge of the cone itself.
Treatment plans with 1 to 5 dwell positions were created using the 45 mm
Leipzig in the solid applicator library, with a minimum of 5 mm spacing
between dwell positions. Dose distribution characteristics of multi-dwell
plans were compared and quantified using Eclipse.
Results: The 80% isodose line had an in-stem (cross-plane) dimension of 15
(15), 15.5 (15.5), or 18 (16) mm for 1, 2, or 3 available dwell positions,
respectively. With asymmetric loading, the 80% isodose line had an in-stem
(cross-plane) dimension of 21 (17) or 28 (19) mm using 4 or 5 dwell
positions, respectively. With respect to flatness of profile, both 1- and 2-dwell
plans have a 3 mm region receiving O98% dose. Increasing number of
dwells to 3, 4 or 5 dwell plans lengthens this region receivingO98% dose to
5, 6.5, or 12.5 mm, respectively. As number of available dwell positions is
increased from 1 to 5, the in-stem dimension of the 80% isodose line is
nearly doubled (187%), cross-plane dimension is 27% larger, and the region
receivingO98% dose increases from 3 mm to 12.5 mm.
Conclusions: By selectively aligning the stem in the direction of an
irregularly shaped target and loading multiple dwell positions, it is
possible to cover a larger target with a much more homogeneous dose.
More intricate composite plan may also be generated by performing
multiple runs while varying the stem angle.
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Purpose: Women have historically been underrepresented in leadership
roles in radiation oncology. Recent evaluation of female representation in
major radiation oncology organizations was published by Knoll et al
(IJROBP, 2018) but did not include information about the American
Brachytherapy Society (ABS). The objective of this study is to assess
trends in gender equity in the ABS.
Materials and Methods: Publicly available information from the ABS
website (member list, past annual meeting programs, and various ABS

website pages) and its major journal, Brachytherapy, were used to determine
the proportion of women in various leadership positions. The ABS website
was last accessed for data retrieval on 12/30/2018. The data was organized
by comparing female representation up until 2004 and then from 2005 until
current as was done in the Knoll et al manuscript to facilitate comparisons
with data from the American Society for Radiation Oncology (ASTRO).
Results: Of the 579 US physician members of the ABS, 155 (26.8%) are
women. There has been an increase in the proportion of female ABS
presidents from 7.4% (2/27) between 1978-2004 to 20.0% (3/15)
between 2005-2018. Similarly, female Ulrich Henschke Award recipients
increased from 0% (0/19) between 1981-2004 to 25.0% (3/12) between
2005-2017. Women representation on the ABS board in 2016, 2017, and
2018 was 22.2% (2/9), 11.1% (1/9), and 18.2% (2/11), respectively.
17.2% (5/29) of the current associate editors, section editors, and editor-
in-chief of the Brachytherapy journal are women. The proportion of
women speakers in breast and gynecology sections at the annual ABS
meetings between 2011-2017 is around 50% while that number is in the
10-20% range for the prostate section. A comparison between ABS and
ASTRO in terms of female representation is presented in Table 1. While
the proportion of female members between the two organizations is
similar, there are some differing trends in gender equity between the two
organizations. The three most prominent differences are the female
makeup of the main journals for each respective society (17.2% in
Brachytherapy vs 38.5% for the Red Journal), fellows in 2018 (10% in
ABS vs 26% in ASTRO), and the proportion of women receiving each
organization’s highest honor between 2005-2017 (25.0% in ABS vs
6.3% in ASTRO).
Conclusions: Over the past decade, there has been an increase in women
representation in the ABS presidency and Henschke awardees that is
approaching the women representation of the ABS membership.
Representation still remains low, relative to ASTRO, in other areas like
the Brachytherapy journal and fellows. While the increasing presence of
women is encouraging, exploring these trends is imperative in
understanding barriers to increasing female representation and developing
potential solutions to improve gender equity in the field of brachytherapy.
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Purpose: Penile cancer is an uncommon entity with myriad treatment
options. According to American Brachytherapy Society guidelines, men
with cT1-2N0 lesions #4cm are excellent candidates for curative
brachytherapy. Using that criterion, we sought to evaluate the national
patterns of care and predictors of use of radiation techniques using the
National Cancer Database.
Materials and Methods: The NCDB was queried for men with cT1-2N0
penile cancers 4cm and under in size. Comparative statistics for treatment
modality were generated using Chi-squared, independent t-test, and
bivariate logistic regression analysis.
Results: 1,666 men were identified who met the selection criteria. The
median age was 66 years, with 81.4% being Caucasian. Median tumor
size was 2.0cm with 41.4% being moderately differentiated. The majority
of men underwent surgery alone (91.0%) with 126 (7.6%) undergoing
total penectomy, 839 (50.2%) a partial penectomy, and 551 (33.1%) a
cosmesis-preserving surgical procedure. Only 3 (0.2%) men were treated
with brachytherapy alone, 25 (1.5%) with EBRT alone, 3 (0.2%) with BT
following a cosmetic procedure, and 42 (2.5%) with EBRT following
surgery. Surgical margins were positive in 180 (10.8%) of patients, of
whom 23 received adjuvant EBRT (12.8%) and 3 adjuvant BT (1.7%).
The remaining 147 received no adjuvant therapy. There was no difference
in age, race, comorbidity score, insurance, population of region, T stage,
or tumor size between patients who underwent definitive surgery vs
radiation (all p O 0.25). Men who lived in more highly educated areas
were more likely to receive definitive radiation (HR 3.129 95%CI 1.323-
7.401), p50.009. 4-year overall survival was not different for men treated
with definitive radiation techniques versus surgery (66.2% vs 67.2%,
p5.710).
Conclusions: Men with penile-preserving eligible lesions in the United
States are overwhelmingly treated with surgical techniques. Penile-
preserving radiation techniques, including brachytherapy, are under-
utilized and should be offered as curative interventions.
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Purpose: Intensity modulated radiation therapy utilization has increased
rapidly since the early 2000s, whereas brachytherapy (BT) utilization for
several primary tumor sites has decreased. It is unknown whether
decreased BT utilization for oral cavity cancer (OCC) has Resulted in
detrimental clinical outcomes as has been reported for cervical cancer. A
patterns of care analysis for definitive radiotherapy (RT) modality for
early stage OCC and comparison of overall survival (OS) was performed.
Materials and Methods: Adults with clinical stage T1-2N0M0 (AJCC 7th

edition) squamous cell carcinoma of the lip, oral tongue, gum, floor of
mouth, hard palate, buccal mucosa, or retromolar area diagnosed between
2004-2015 and treated non-surgically with RT were identified in the
National Cancer Database. Subjects with prior malignancy, non-head and
neck RT target,O68 RT fractions,O90 day RT duration, or external beam
RT (EBRT) dose !50 Gy were excluded. Subjects were grouped by RT
modality to EBRT alone versus any BT use (i.e. BT alone or EBRT þ BT
boost). Characteristics among RT modalities were compared using Chi-
squared and Kruskal-Wallis tests for categorical and continuous variables,

respectively. Univariate and multivariate Cox analyses with respect to OS
were performed.
Results: 1101 subjects met inclusion criteria, of whom 68 (6.2%) received
any BT and 1033 (93.8%) received EBRT alone. The median age at
diagnosis was 67, and 71% had stage T2N0. Among the 68 subjects that
received any BT, 35 (51.5%) received BT alone and 33 (48.5%) received
BT boost following EBRT. Utilization of BT as any component of
definitive RT decreased from 12.5% in 2004 to 1.9% in 2015. There were
significant differences between the any BT and EBRT alone cohorts:
subjects receiving any BT were more likely to have had an earlier
diagnosis year (p50.04), be of non-White race (26.5% vs 12.9%,
p!0.01), received treatment at an academic facility (50.0% vs 26.0%,
p!0.01), lived in an urban region with populationO1 million (58.5% vs
44.2%, p50.01), had an oral tongue primary (48.5% vs 30.7%, p!0.01),
and had a shorter total RT duration (median 41 vs 51 days, p!0.01).
There were no significant differences in age at diagnosis, Charlson-Deyo
comorbidity score, insurance, distance from treatment facility, tumor size,
tumor grade, or lip versus intraoral subsite between the RT cohorts. The
following were significantly associated with worse OS on univariate
analysis: older age (hazard ratio [HR] 1.38 by decade, p!0.01), higher
Charlson-Deyo comorbidity score (HR 2.33 for $3, p!0.01), larger
tumor size (HR 1.96 for 3-4 cm, p!0.01), intraoral subsite relative to lip
(HR 2.53, p!0.01), and longer RT duration (HR 1.06 by week, p50.02).
Any use of BT relative to EBRT alone was not significantly associated
with OS (HR 0.86, 95% confidence interval 0.63-1.18, p50.35). On
multivariate analysis, age (HR 1.40 by decade, p!0.01) and T-stage (HR
1.56 for T2, p!0.01) remained significantly associated with OS, but any
use of BT (HR 0.82, p50.22) was not.
Conclusions: Utilization of BT as sole modality or in combination with
EBRT has decreased and is rarely utilized as a definitive RT modality for
early stage OCC in the United States. With the significant limitation of
the small sample size that received any form of BT, use of EBRT alone
for early stage OCC is not associated with inferior survival.
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Purpose: The use of rectal brachytherapy is increasing. Two forms of rectal
brachytherapy are available; contact brachytherapy using low energy X-
Rays (CXB) and high dose rate brachytherapy (HDR-B). The use of a
contact brachytherapy boost has been shown in medically inoperable
patients to Result in a significantly lower rate of colostomy formation. In
the UK approval has been granted by the National Institute of Clinical
Excellence (NICE) for its use for primary rectal cancer control,
particularly in elderly patients. In Europe, a randomized trial is recruiting
comparing contact brachytherapy with an external beam radiotherapy
boost. Phase two results of HDR-B in the pre-operative setting in place of
external beam radiotherapy to the pelvis show low rates of loco-regional
recurrence and a phase 3 study in North America is currently examining
this in a randomized setting. The use of HDR-B in the palliative setting in
surgically inoperable patients is also increasing and it appears to provide
good palliation with acceptable rates of toxicity.
Materials and Methods: A multi-disciplinary group of ESTRO and ABS
members was convened to develop consensus guidelines based on
randomized trial data and clinical experience. Since there was greater
variation in practice for HDR-B than CXB, an international survey was
circulated regarding current practice and future expectations for clinical
and dosimetry standards and reporting for HDR-B.
Results: The GEC ESTRO/ABS consensus guidelines recommend the use
of CXB for patients who are elderly or surgically unfit or in selected patients
with early stage low rectal tumours whowish to avoid colostomy formation.
For palliative treatment, the use of HDR-B is recommended for
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symptomatic relief and disease control in surgically unfit or inoperable
patients or those in whom radiotherapy is preferred to surgery. The use of
rectal HDR-B is recommended within the setting of a clinical trial or
registry for preoperative treatment or in an organ-preservation setting in
surgically fit patients. HDR-B for palliation is recommended and dose
fractionation schemes are given with recommendations for dosimetry and
reporting in both the routine and the research setting.
Conclusions: The GEC ESTRO/ABS recommendations for rectal
brachytherapy have been developed. Practitioners are encouraged to
follow these guidelines and to develop further clinical trials to examine
this treatment modality and increase the evidence base for its use. The
routine collection of outcomes both clinical and patient-reported is also
encouraged.
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Purpose: The CivaSheet� is a novel device consisting of Pd-103 sources
shielded on one side and embedded in a polymer sheet. This design
allows for intraoperative placement of permanent brachytherapy sources
to irradiate a surgical tumor bed, while avoiding radiation exposure to
tissues or structures overlying the tumor bed. No clinical trial data exists
for this device. We therefore sought to prospectively evaluate the
feasibility of CivaSheet as an alternative technique for intraoperative
radiation therapy (IORT), at a center where IORT with standard
techniques is routinely utilized for pelvic malignancies.
Materials and Methods: This is a feasibility study of CivaSheet in patients
with primary or recurrent abdominal or pelvic malignancies undergoing
surgery, where the risk of local recurrence after surgery was felt to
warrant IORT to the tumor bed. Patients could have prior external beam
radiation (EBRT) to the area. The primary endpoint of the study was
feasibility, defined as technically satisfactory placement of the CivaSheet.
If CivaSheet placement proved infeasible for an enrolled patient, our
standard IORT technique of high-dose-rate Ir-192 brachytherapy would
be delivered instead. CivaSheet would be considered feasible if 7 of 10
enrolled patients successfully underwent CivaSheet implantation.
Secondary endpoints were toxicity, local control, and implant stability as
assessed on serial thin-slice CT scans at specified post-implant timepoints.
Results: Ten patients were enrolled and underwent surgery with IORT.
Eight patients successfully underwent CivaSheet implantation, exceeding
the primary feasibility endpoint of the trial. Eight patients had colorectal
cancer, one had appendiceal cancer, and one had urothelial carcinoma.
All but three patients had received prior EBRT (45-50.4Gy). The two
feasibility failures were deemed technically unfavorable for CivaSheet
implantation based on intraoperative assessment of tumor bed
configuration, and therefore underwent standard IORT. All CivaSheet
patients were treated in the pelvis (pelvic sidewall or presacral space).
Median prescription dose was 100Gy (range 91.1-100Gy) to 5mm depth,
and median area treated was 40cm2 (range 16-75cm2). Median follow-up
from date of implant (for CivaSheet patients) was 14.6 months. No
patients had evidence of local recurrence in the areas treated with
CivaSheet. No patients developed Grade 4-5 toxicities related to
CivaSheet. One patient developed temporary grade 3 bowel obstruction
18 months after implant, with unclear relationship to CivaSheet.
Otherwise, no grade 3þ toxicities related to CivaSheet were observed.

Post-implant stability was deemed satisfactory in all patients, based on
serial CT scans up to 12 months post-implantation.
Conclusions: CivaSheet is a feasible and promising new technique for
IORT in patients with pelvic malignancies undergoing surgical resection.
In this pilot study with eight implanted patients, no in-field local
recurrences have been observed, and no serious device-related toxicities
have been recorded. Because of several unique and potentially
advantageous characteristics compared to standard techniques for IORT,
this data supports further clinical implementation and study of this novel
unidirectional, permanent Pd-103 brachytherapy device.
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Purpose: Medical simulation platforms have been utilized to educate a
broad spectrum of healthcare professionals and have been correlated with
positive effects on learner proficiency and patient outcomes. In radiation
therapy, brachytherapy is a procedural technique that requires
considerable manual skill to perform proficiently and may benefit from
the application of technology-enhanced medical simulation education
programs. The University of Calgary will offer a brachytherapy training
program with mandatory simulation component in an Area of Focused
Competence (AFC); a diploma program accredited by the Royal College
of Physicians and Surgeons of Canada. The Purpose of this study is to
demonstrate validity evidence to support the use of a simulation-based
education program in teaching permanent breast seed implant (PBSI)
brachytherapy to radiation oncology learners.
Materials and Methods: Five participants performed simulated seed
deliveries on implantable anthropomorphic breast phantoms. One PBSI
expert and four radiation oncology learners were included in this study.
To qualify as a learner participant, expertise was limited to standard
radiation oncology residency training. Each learner was provided with a
comprehensive training syllabus and hands-on needle delivery practice
prior to their simulated implant. The expert participant performed four
simulated implants and expert proficiency was benchmarked based on all
four performances. All learner and expert participant performances were
evaluated according to seed placement accuracy and time-to-complete the
procedure as well as on a Global Rating Scale that was assessed by two
independent, trained PBSI evaluators.
Results: For the learner participant cohort, the average seed placement
accuracy (� standard deviation) was 8.1 � 3.4 mm compared to 6.4 �
2.5 mm for the expert implants. The range in time-to-complete was 60 to
77 minutes and 41 to 50 minutes in the learner cohort and expert
performances (p ! 0.05, Wilcoxon Rank Sum test), respectively. For a
qualitative assessment of performance, the Global Rating Scale is shown
in Table 1. The average cohort rank from the two PBSI expert evaluators
is indicated for both expert (blue) and learner cohorts (green). In all
categories of assessment, the expert demonstrated superior performance
compared to the learner cohort. This was highlighted most clearly by the
learners discomfort with the manual skills involved with needle
manipulation and seed delivery, which is expected to be a skill that could
be improved through successive simulated implants.
Conclusions: A simulation-based education program was demonstrated.
Learner performance was assessed against benchmark expert proficiency.
In all areas of competence (accuracy, time-to-completion, and global
score), simulated implant proficiency was greater for the expert than the
learner cohort. Simulation-based assessment is also applicable to
permanent prostate seed implant, which will also be a mandatory
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component of the University of Calgary’s training for the AFC Diploma
within the Royal College of Physicians and Surgeons of Canada. In a
complete implementation, improvement in learner proficiency will be
assessed over successive implants.

PP25 Presentation Time: 6:09 PM

Systematic Review of Intensity-Modulated

Brachytherapy (IMBT): Static and

Dynamic Techniques

Cameron Callaghan, MD, MPH, MS1, Quentin Adams, MD1, Ryan Flynn,

PhD1, Xiaodong Wu, PhD2, Weiyu Xu, PhD2, Yusung Kim, PhD1.
1Radiation Oncology, University of Iowa, Iowa City, IA, USA; 2Electrical

and Computer Engineering, University of Iowa, Iowa City, IA, USA.

Purpose: To systematically review scientific literature on the use of
Intensity-Modulated Brachytherapy (IMBT) including static and dynamic
shielding approaches to enhance therapeutic ratio. Studies were evaluated
in terms of technique, disease site, dosimetry, applicators, dosimetric
calculations, and planningalgorithms. Comparisons to standard of care
brachytherapy (BT) techniques and/or alternate IMBT methodswere
performedin terms of dose to target volumes, organs at risk (OARs), and
treatment planning/delivery times.
Materials and Methods: Inclusion criteria were any peer-reviewed journal
articles on IMBT published from 01/01/80 - 12/01/18 on PubMed, Google
Scholar, Cochrane Library, and EBSCO databases. Two independent
investigators reviewed each article for inclusion/exclusion criteria and
scope. Data collected on each study included technique, source/shield
Material, disease site, n of study, dose to target/OARs, and planning/
delivery times. This review adhered to the Preferred Reporting Items for
Systemic reviews and Meta Analyses (PRISMA).
Results: Database query yielded 1,352 Results which were reduced to 406
after exclusion criteria, and 63 peer-reviewed journal articles after evaluation
of scope. Studies per disease site were 31, 9, 6, 6, 3 and 8 for cervical, rectal,
prostate, ocular melanoma, breast, and other/multiple/no specific disease site
respectively. Eighteen studies demonstrated significant decrease in dose to
OARs (5.1-68.2%), 11 improved treatment planning/delivery times (7.6-
99.7%), and 6 increased target coverage (18.6-71.6%) relative to standard of
care or alternate IMBT technique. IMBT consistently decreased dose to
OAR compared to standard of care at the cost of increased planning/delivery
times. Innovations in dose calculation/planning algorithms and applicators
were capable of ameliorating prolonged treatment intervals.
Conclusions: IMBT techniques improved therapeutic ratio by reducing
OAR doses and/or dose escalation. Static shielding techniques are
clinically available due to the advent of commercially available

heterogeneity-corrected dose calculation algorithms while dynamic
shielding techniques are still pre-clinical.
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Purpose: Safe delivery of brachytherapy and establishing a culture of safe
practice are critical to delivering high-quality brachytherapy to patients. The
American Brachytherapy Society (ABS) Quality and Safety Committee
developed a survey to query members regarding brachytherapy services
offered, safety practices during treatment, quality assurance procedures,
and providers’ needs to develop additional safety and training Materials.
We believe this is the first practice survey used by the ABS to assess
safety practice patterns among a national sample of radiation oncologists.
Materials and Methods: A 22-item survey was sent to the American
Brachytherapy Society membership in late 2018 and early 2019 via email
correspondence and is currently open to response. Responses of
practitioners (which include physicians, physicists, therapists, nurses, and
administrators) during the open period will be included in the analysis.
Participation by members was voluntary. The study was approved by the
University of Virginia institutional review board. Responses are
summarized with descriptive statistics and relative frequency distributions.
Results: The survey will be open to response until the end of January 2019.
We present pilot testing Results (n515), with updated results and final
participation number from the entire membership to be reported at the
annual meeting. Preliminary results reveal 2/3 of respondents were
attending physicians or physicists, 54% of respondents were from
academic practice, and 75% carried ACR or ASTRO accreditation. A
majority of departments practice GYN, prostate, and breast
brachytherapy, with a minority performing sarcoma, head and neck, or
intraoperative treatment. 75% of departments had an incident reporting
system but approximately 3/4 of practices actually reviewed cases. Most
departments had an anonymous submission method to report incidents. 2/
3 of departments reviewed brachy cases during chart rounds or during
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treatment. All respondents indicated completing critical steps in brachy
procedures including verifying consent pre-procedure, using pre-
procedure checklists, completing written directive prior to procedure,
source location verification, creating a treatment completion report, and
completing annual brachytherapy safety training. All respondents were
interested in improving the culture of safety in their practice. 91% were
familiar with the ASTRO Safety is No Accident (SINA) guidelines. A
majority reported time, communication, and staffing were critical barriers
to improving safety practice, with a minority reporting financial barriers.
Most respondents reported that safety-oriented webinars, SAMS, or
learning modules, or published checklists endorsed by the ABS would be
most helpful in improving their safety practice.
Conclusions: Most but not all practices utilize safety standards and quality
assurance procedures that are in line with national society
recommendations. There exists a need to increase the visibility of a safety
culture at many departments and to shift resources (e.g. time or staffing)
to improve safety practice. There is a strong desire for additional national
society guidance to improve brachytherapy safety practices. Final Results
from the membership will be presented at the ABS Annual Meeting.
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Clinical Implementation of Automated

Treatment Planning Including 3D

Printable Applicators in Complex Skin

Brachytherapy

Christian V. Guthier, Ph.D., Thomas C. Harris, M.Sc., Desmond A. Farrell,

M.Sc., Mandar S. Bhagwat, Ph.D., Saad Aldelaijan, M.Sc., Jeremy S.

Bredfeldt, Ph.D., Phillip M. Devlin, M.D., Robert A. Cormack, Ph.D., Ivan

Buzurovic, Ph.D. Brigham and Women’s Hospital and Dana-Farber

Cancer Institute, Harvard Medical School, Boston, MA, USA.

Purpose: High-dose-rate brachytherapy (HDR-BT) is a treatment option
for malignant skin diseases. HDR-BT provides improved target coverage,
better organ sparing, and shorter treatment times especially for the
clinical targets with complex topologies. To standardize and improve the
quality and efficacy of the treatments we developed and implemented a
novel streamlined treatment approach in complex skin HDR-BT. This
approach consists of fully automated treatment planning, a 3D printable
applicator holder (3D-AH), and 3D scanning for setup verification.
Materials and Methods: The following streamlined clinical workflow is
implemented. The radiation oncologist marks the outline of the target area
with radiopaque wires following the placement of a multi-channel flexible
flap applicator. A planning CT is obtained. Unlike a conventional manual
workflow our in-house developed planning system automatically segments
the images (1), optimizes a treatment plan (2), and generates a 3D-AH
(3).(1) The system segments the individual channels, connected dwell-
positions (DP), and radiopaque wires. The latter are used to generate the
clinical target volume as well as the planning target volume. Segmentation
and volume generation is achieved via a combination of morphological
operations, hard thresholding, extrusions, and a heuristic to reconstruct
channels and wires. (2) The inverse planning utilizes linear programming;
maximizing the target coverage while keeping the dose at the surface and
the dose at prescription depth less than 125% and 110% of the prescribed
dose (RX), respectively. (3) The activated DP are used to generate a 3D-
AH. Its functionality is twofold, it preserves the topology of applicator
and guarantees a reproducible immobilization for fractionated treatment
regimens. To verify the setup a 3D surface scan is used to verify the
proper alignment. The methodology was implemented and tested under
IRB approval. Dosimetric comparison was performed by comparing
dwell-times and achieved metrics of the conventional planning (CP)
against the fully automated planning (AP). The quality of the 3D print is
verified via an additional CT of the flap applicator latched into the holder
followed by an automated rigid registration with the original planning CT.
Results: Themethodologywas successfully implemented. The Results for a
representative patient are presented (Fig.1). Automated segmentation, plan
optimization, and generation of the 3D-AH model took less than a minute.
The plan consisted of 142 activated DP and size of the clinical target was
140 cm2. The total treatment time for CP and AP were found to be 640s

and 635s, respectively. The coverage in terms of D90 was 100% CP and
AP 105%. The dose at the surface was less than 125% RX. The
registration showed that a sub mm setup accuracy was achieved resulting
in high reproducibility (within 1 mm).
Conclusion: The presented streamlined workflow automates time intensive
catheter digitizing and treatment planning. Compared to printing full
applicators the use of 3D-AH reduces the complexity of the 3D prints, the
amount of used Material, the time of the 3D printing, and the amount of
necessary quality assurance. It guarantees reproducibility in
multifractionated treatment regimens. The use of 3D surface scanning
allows simple set up verification. The proposed methodology improves
the overall treatment quality in complex HDR-BT and potentially can
impact the patient treatment outcomes.

Fig. 1. Setup for a representative patient (a), 3D model and print of the

applicator holder (b,c), and dosimetric comparison of AP (d) and CP (e).
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Radiotherapy Practices in Post-Operative

Endometrial Cancer: A Survey of the ABS

Membership

Kevin Martell, M.D.1, Corinne Doll, M.D.2, Elizabeth Barnes, M.D.1, Tien

Phan, M.D.2, Eric Leung, M.D.1, Amandeep Taggar, M.D.1. 1Radiation

Oncology, Sunnybrook Health Sciences Centre, Toronto, ON, Canada;
2Oncology, University of Calgary, Calgary, AB, Canada.

Purpose: There is perception of variability in practice in the use of post-
operative radiotherapy (RT) for patients with endometrial cancer (EC).
Furthermore, there is no standardized practice regarding the planning or
delivery of either external beam radiotherapy (EBRT) or vaginal vault
brachytherapy (VVB) for EC. This survey aimed to document the current
practice patterns of post-operative RT, including VVB, in the
management of patients with EC.
Materials and Methods: A 30-question survey querying baseline
demographic information, RT prescribing practices and planning
techniques was developed using Constant Contact software
(www.constantcontact.com) and distributed electronically to the ABS
membership in December 2018. All questions were multiple choice
Members actively treating gynecologic malignancies were asked to
complete the survey and instructed that any question could be skipped.
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Absolute numeric counts (%) and proportions were used to describe the
data. Where applicable, the number of respondents skipping a particular
question is given as [number; % unanswered (UA)].
Results: A total of 75 surveys from 62 centers were completed. 38 (50.7%)
respondents were within their first 10 years of practice and 29 (38.7%) had
between 10 and 20 years of independent-practice experience. 67 (89.3%)
respondents indicated they practiced in the USA or Canada with 33
(44.0%) practicing in a community/private practice center and 38 (50.7%)
practicing in an academic center; [4; 5.3% UA]. Adjuvant RT treatment
recommendations (independent of chemotherapy treatment
recommendations) for different FIGO stages (assuming complete surgical
staging), grades (G), margin status positive or negative (Mþ or M-),
lymphovascular space invasion status (LVSIþ or LVSI-) are given in
Table 1.

When planning adjuvant EBRT, 37 (49.3%) respondents indicated patients
were CT scanned for simulation with both bladder full and empty; 20
(26.7%) simulated patients with bladder full CT scan only. Five (6.7%)
used other techniques [13; 17.3% UA]. Internal target volume was
utilized by 40 (53.3%) respondents. VMAT (40; 53.3%) or IMRT (14;
18.7%) were commonly employed planning techniques. The most
common dose prescriptions were: 45Gy in 25 fractions (43; 57.3%) and
50.4Gy in 28 fractions (16; 21.3%). When treating with VVB, 60 (80.0%)
respondents used high dose rate brachytherapy [15; 20.0% UA].
Applicator size was most often determined at the time of brachytherapy
(37; 49.3%) and planning most often initiated on the day of (38; 50.7%)
or up to 1 week prior to (16; 21.3%) treatment. The majority of (48; 64%)
respondents planned treatments based on CT imaging with the applicator
in situ and 25 (33.3) repeated CT imaging prior to each subsequent
fraction. The most common prescriptions included 21 Gy in 3 fractions
prescribed to 0.5cm depth (32; 42.7%) and 30 Gy in 5 fractions
prescribed to surface (20; 26.7%).
Conclusions: This study identified variability in treatment
recommendations and in both EBRT and VVB simulation and planning
processes in post-operative EC. Given this, the formulation of consensus
guidelines could be considered.
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Development and Pilot of a Cervical

Cancer Brachytherapy Simulation

Training Program for Graduate Medical

Education in Radiation Oncology

Lisa Singer, MD, PhD1, Pierre-Yves McLaughlin, MD1, Gabriela Alban,

MD1, Mandar Bhagwat, PhD1, Melissa Joyner, MD, MBA2, Teresa Cheng,

MPH1, Martin King, MD, PhD1, Larissa J. Lee, MD1. 1Radiation

Oncology, Harvard Medical School, Boston, MA, USA; 2Radiation

Oncology, MD Anderson Cancer Center, Houston, TX, USA.

Purpose: Brachytherapy (BT) is an integral component of curative therapy
for locally advanced cervical cancer. Despite this importance, U. S. practice
patterns have identified a decrease in appropriate BT use, and a
corresponding decrease in overall survival with its omission. Although the
ACGME requires residents to train in intracavitary BT, it does not specify
a minimum number of gynecological (GYN) BT cases. To address the
decline in cervical cancer BT utilization, this project aimed to improve
resident GYN BT knowledge and training by developing a simulation
training program for radiation oncology (RO) trainees, and to determine
the feasibility of this innovative educational method in a graduate medical
education (GME) setting.
Materials and Methods: A cervical cancer BT simulation program was
developed specifically for RO trainees, consisting of 4 hands-on stations:
1) simulation station consisting of 2 GYN mannequins, tandem & ring

applicators, speculums, and packing for practice in physical exam and
procedural skills, 2) suturing station consisting of mock tissue, fiducials,
and perineal templates to practice suturing a template and placing
fiducials, 3) computer-based MRI contouring station, and 4) applicator
matching station consisting of clinical cases with MR images and a
variety of applicators for residents to match with the appropriate clinical
scenarios. Each station was led by one or more GYN BT experts. The
learners were RO residents and fellows in a training program that spans 3
academic medical centers. Learners completed anonymized, paired pre-
and post-test surveys in which they self-assessed their knowledge and
technical comfort with different facets of GYN BT, as well as the overall
value of the program.
Results: The program was successfully completed in a one-hour block of
trainee time. Ten trainees completed all four stations, and all completed
the pre- and post-simulation surveys. Most trainees were junior (seven
PGY-2 to 3) and had not yet completed a GYN BT rotation. Median
scores for self-assessment of knowledge of FIGO staging and technical
proficiency with steps of the GYN BT procedure, corresponding to station
objectives, improved from pre- to post-simulation surveys (Figure 1).
Overall feedback was positive and trainees requested additional learning
opportunities.
Conclusions: This study demonstrated the feasibility of a GME-focused
simulation-based educational workshop in GYN BT. By utilizing a non-
clinical environment, simulation training can provide additional learning
opportunities for trainees. Future work should include improvement of
this program based on trainee feedback, deployment of the curriculum to
other institutions, and expansion to a BT curriculum focused on
endometrial and other GYN cancers.
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Results of a Gynecologic Brachytherapy

Simulation Course Designed to Improve

Radiation Oncology Trainees Skills and

Confidence

Eric D. Donnelly, M.D., Jonathan B. Strauss, M.D., M.B.A.. Radiation

Oncology, Northwestern Medicine, Chicago, IL, USA.

Purpose: The utilization of high-dose-rate (HDR) gynecologic
brachytherapy in the management of non-operable locally advanced
cervical cancer is directly linked to improved survival. Unfortunately we
continue to see a decline in its utilization in the treatment of cervical
cancer in the United States. A recent survey of U.S. radiation oncology
residents demonstrated caseload as the greatest barrier to achieving
independence in brachytherapy practice. In an effort to improve resident
brachytherapy skills and confidence in performing brachytherapy
independently a gynecologic brachytherapy simulation course was
developed.
Materials and Methods: A series of HDR Gynecologic Brachytherapy
Simulation Courses were developed and incorporated within a previously
established Gynecologic Brachytherapy Training Course. The
Gynecologic Brachytherapy Training Course utilizes a combination of
didactic education, self-study and patient-centered cases. Each course
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focused on the utilization of a different brachytherapy applicator. The
simulation courses consisted of two hour sessions pairing a senior and
junior resident. The first hour was within a simulated OR environment
where residents independently performed all aspects of applicator
insertion in a cadaver model. The second hour consisted of contouring,
dosimetric planning and treatment evaluation. Each session Concluded
with a brief debriefing episode. A brachytherapy training survey
developed by the Association of Residents in Radiation Oncology was
given prior to the course and after.
Results: Similar to national data presented all residents felt learning
brachytherapy during residency was important (9/9) and all strongly
agreed (7/9) or agreed (2/9) that their program valued brachytherapy
training. The perceived ability to perform brachytherapy independently
for a given disease site correlated directly with number of cases
performed. Most believed that after performing 5 cases they would be
capable of performing additional cases independently (5/9). All strongly
agreed (4/9) or agreed (5/9) this to be true after 15 cases. As was the
sentiment when surveyed nationally, majority (8/9) were not interested in
pursuing a brachytherapy fellowship. Compared to survey data prior to
the brachytherapy simulation course, trainees felt that their ability to
independently perform brachytherapy (p!0.001) improved and more
strongly felt their residency had a formal process/curriculum to teach
brachytherapy (p!0.05).
Conclusions: Brachytherapy is a vital component in the curative treatment
of non-operable locally advanced cervical cancer patients. Residency
training in the technique is an extremely important component of
radiation oncology education. As caseload and experience are felt to be
the greatest barriers to developing brachytherapy independence a
brachytherapy simulation course can be utilized to gain further experience
in a controlled environment. Our Results demonstrate that gynecologic
brachytherapy simulation increased trainees confidence in performing the
procedures independently.
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Longitudinal Analysis of Resident

Exposure to Brachytherapy in

Gynecologic Malignancies from 2007-

2018

Richard J. Li, MD1, Ashwin Shinde, MD1, Sushil Beriwal, MD2, John

Austin Vargo, MD2, Neha Vapiwala, MD3, Catheryn Yashar, MD4, Arya

Amini, MD1, Yi-Jen Chen, MD, PhD1, Scott Glaser, MD1. 1Radiation

Oncology, City of Hope Medical Center, Duarte, CA, USA; 2Radiation

Oncology, University of Pittsburgh Cancer Institute, Pittsburgh, PA, USA;
3Radiation Oncology, University of Pennsylvania, Philadelphia, PA, USA;
4Radiation Oncology, University of California San Diego, San Diego, CA,

USA.

Purpose: Population-based analyses in the United States have consistently
shown underutilization of brachytherapy in endometrial and cervical
cancers as well as declining utilization over time. Additionally, survey
data has suggested that case volume during training is the most significant
barrier to confidence in independent practice of brachytherapy. We
analyzed case numbers from the self-reported American Council for
Graduate Medical Education (ACGME) case logs to assess trends over
time in gynecologic brachytherapy exposure for graduating radiation
oncology residents (GRORs).
Materials and Methods: Summarized, de-identified case logs for all
GRORs, nationwide, between 2007 and 2018 were obtained from the
ACGME. All cases were self-logged by residents as having performed the
procedure. Case volume numbers represent the total number of cases
logged by a GROR throughout his or her entire residency. Mean, median,
and quintiles (10th, 30th, 50th, 70th, and 90th percentiles) of case numbers
were evaluated pear year. External beam cases for gynecologic
malignancies were also collected as a reference. Linear regression was
used to generate a trendline and to determine statistical significance.
Results: The average number of intracavitary brachytherapy procedures
per GROR increased during the study period, from 39.6 in 2007 to 48.7 in
2018 (p50.001). Within intracavitary cases, the number of low dose rate

(LDR) cases decreased substantially, from 7.2 cases per GROR to 1.3
cases per GROR whereas the number of high dose rate (HDR) cases
increased from 32.4 cases per GROR to 47.4 cases per GROR. During
the same time period, there was a significant decrease in average
number of external beam gynecologic cases from 23.4 cases per GROR
to 19.9 cases per GROR (p!0.001). Over the same study period, there
was no significant change in interstitial gynecologic brachytherapy
cases per GROR, from 4.7 cases per GROR in 2007 to 4.5 cases per
GROR in 2018 (p50.724). The number of LDR interstitial cases
decreased from 1.6 per GROR in 2007 to 0.3 per GROR in 2018. The
median number of interstitial cases remained low throughout from
2007 to 2018, ranging from a median number of 0 to 2 cases per
GROR. The 30th percentile of interstitial gynecologic cases remained
at 0 throughout 2007 to 2018, the 70th percentile ranged from 2 to 6.
Finally, the 90th percentile ranged from 5 to 11; in 10 of the 12
reported years (excepting 2008 and 2017), the 90th percentile of
GRORs graduated with!10 interstitial cases.
Conclusions: The average number of intracavitary brachytherapy cases per
GROR has increased from 2007 to 2018, during a time period where the
average number of external beam gynecologic cases has decreased. This
may be attributable to a decrease in LDR brachytherapy cases and
corresponding increase in HDR brachytherapy cases. There has been no
significant change in interstitial gynecologic brachytherapy cases per
GROR, but the median number per resident has remained low at 0 to 2
from 2007 to 2018.
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Low-Dose 3-Fraction Adjuvant Vaginal

Brachytherapy for Early-Stage

Endometrial Cancer

Gabriela M. Alban, MD1, Daniela Buscariollo, MD2, Teresa Cheng,

MPH1, Pierre McLaughlin, MD1, Lisa Singer, MD, PhD1, Betty Krechmer,

PA-C1, Jennifer Pretz, MD1, Martin King, MD, PhD1, Larissa Lee, MD1.
1Radiation Oncology, Dana-Farber Cancer Institute/Brigham and

Women’s Hospital, Boston, MA, USA; 2Radiation Oncology, Swedish

Medical Center, Seattle, WA, USA.

Purpose: We have previously reported clinical outcomes for adjuvant
vaginal brachytherapy (VB) using a low dose scheme of 24 Gy in 6
fractions.1 The 3-year vaginal recurrence (VR) rate was 1.9% overall and
1.3% for high-intermediate risk disease, similar to other published
regimens despite a low vaginal surface dose of 28 Gy in EQD2 (a/b510),
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and had minimal toxicity. In PORTEC-2, the adjuvant brachytherapy dose
was 21 Gy in 3 fractions prescribed to 5 mm depth, which Results in a
surface dose of approximately 60 Gy in EQD2 (a/b510). This study
evaluates the efficacy and toxicity of a low-dose 3-fraction regimen of 21
Gy prescribed to the cylinder surface, corresponding to a vaginal surface
dose of 30 Gy in EQD2 (a/b510).
Materials and Methods: We retrospectively identified 76 women with
FIGO stage I-II endometrial cancer who received adjuvant VB to a dose
of 21 Gy in 3 fractions prescribed to cylinder surface from 2014 to
2018. CT imaging was performed prior to each fraction to confirm
cylinder insertion depth, diameter and vaginal length. Women with !6
months (mo) follow-up from surgery were excluded (n512). The
median activation length was 5 cm (range: 3-9 cm) and full vaginal
length was treated for LVI or high-grade histology. Kaplan-Meier
method was used to estimate rates of VR, pelvic nodal recurrence
(PNR), distant metastasis (DM), recurrence-free survival (RFS), and
overall survival (OS). Median follow-up was 16.2 mo (range: 7-55).
Late toxicity was graded by CTCAE.
Results: Clinical characteristics of the 64 eligible patients are shown in
Table 1. The median time to VB completion was 8 weeks after surgery.
Four patients developed recurrence at a median of 24 mo from surgery,
including 1 with VR at 40 mo, 1 with PNR and DM at 14 mo, and 2
with DM only (13 and 33 mo, respectively). Of these 4 patients, 3 had
endometrioid histology and 1 had clear cell. The patient with VR had
grade 2 endometrioid histology and completed VB 12 weeks after
surgery. She received salvage radiation (EBRT and brachytherapy) for
an in-field recurrence at the vaginal apex and has no evidence of
disease 16 months later. At 2 years, rates of VR, PNR, DM, RFS and
OS were: 0%, 2%, 4%, 96% and 96%, respectively. By histology, the
2-year RFS rates were 94% for endometrioid and 100% for non-
endometrioid (p50.4). There were no deaths during study follow-up.
Grade 2 late genitourinary toxicity was noted in 2 patients (3%),
although present in both patients prior to VB. One patient had mild
vaginal agglutination noted on clinical exam. There were no recorded
grade 2 GI or any grade 3 toxicities.
Conclusions: Adjuvant VB with a low-dose 3-fraction regimen of 21 Gy
prescribed to the cylinder surface Results in excellent 2-year clinical
outcomes for patients with early stage endometrial cancer. Further
follow-up is needed to refine local control and toxicity estimates for
this novel dose scheme.
References: 1. Alban, G. et. al. CT-guided Adjuvant Vaginal Brachytherapy
for Endometrial Cancer: Efficacy and Sites of Failure with a Low-Dose
Regimen. ASTRO 2018 Annual Meeting, San Antonio, TX.

PP33 Presentation Time: 9:45 AM

Risk of Ureteral Stenosis after 3D MRI-

Based Brachytherapy for Cervical Cancer

Joshua L. Rodr�ıguez-L�opez, MD, Diane C. Ling, MD,

Ha Yeon Kim, PhD, Christopher J. Houser, MS, Sushil Beriwal, MD, MBA.

Radiation Oncology, UPMC Hillman Cancer Center, University of

Pittsburgh School of Medicine, Pittsburgh, PA, USA.

Purpose: The use of image-guided 3D conformal brachytherapy for cervical
cancer has led to improved tumor local control as a Result of the ability to
dose-escalate. However, some critical organs, like the ureters, are hard to
visualize in modern imaging, and these structures may be at risk of severe
complications. Hence, we sought to report the rate of late grade $3
ureteral stenosis after 3D MRI-based brachytherapy for cervical cancer.
Methods: A retrospective review was performed on 251 patients treated
with 3D MRI-based brachytherapy between 2007 and 2017. We recorded
late grade $3 ureteral stenosis, defined according CTCAE 4.0, occurring
in the absence of tumor progression at 3 months or later after
brachytherapy. Binary logistic regression analysis was performed to
identify predictors of late grade $3 ureteral stenosis. These factors
included: age, hydronephrosis at presentation, FIGO stage, equivalent
dose in 2-Gy fractions (EQD2) to 90% (D90) of the high-risk clinical
target volume (HRCTV), HRCTV volume (cc), bladder EQD2 D2cc, and
brachytherapy technique (intracavitary versus interstitial).
Results: At a median follow-up of 34.73 months (interquartile range, IQR:
17.1 - 59.9), 20 patients (8.0%) developed late grade$3 ureteral stenosis. 18
patients had hydronephrosis at presentation. The incidence of late grade$3
ureteral stenosis by FIGO stage was: one patient with IB1 - IIA1 disease
(3.6%), one patient with IB2 - IIA2 (4.2%), seven patients with IIB
(4.9%), six patients with III-IV with hydronephrosis (33.3%), and five
patients with III-IV without hydronephrosis (12.8%). Median time to late
grade $3 ureteral stenosis was 8.2 months (IQR: 3.73-17.60). Actuarial
1- and 3-year rates of late grade $3 ureteral stenosis were 6.0% and
8.1%, respectively. On univariate analysis, hydronephrosis at presentation
(p! 0.001), FIGO stage (p 5 0.004), and bladder EQD2 D2cc (p 5 0.
023) predicted for late grade $3 ureteral stenosis. On multivariate
analysis, only hydronephrosis at presentation was associated with late
grade $3 ureteral stenosis (p! 0.001, OR 7.8; 95% CI 2.55 - 23.95).
Conclusion: In our cohort, the incidence of late grade$3 ureteral stenosis
was 8.1% at 3 years, which is consistent with other reports. Patients with
hydronephrosis at presentation have a higher risk of developing late grade
$3 ureteral stenosis.
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Surgically Targeted Radiation Therapy:

Safety Profile of Collagen Tile

Brachytherapy in 79 Recurrent,

Previously Irradiated Intracranial

Neoplasms on a Prospective Clinical Trial

David Brachman, MD1,2, Emad Youssef, MD1,2, Christopher Dardis, MD3,

Kris Smith, MD4, Dilini Pinnaduwage, PhD5, Peter Nakaji, MD4,2.
1Radiation Oncology, Barrow Neurological Institute, Phoenix, AZ, USA;
2GT Medical Technologies, Tempe, AZ, USA; 3Neuro-Oncology, St Josephs

Hospital, Phoenix, AZ, USA; 4Neurosurgery, Barrow Neurological

Institute, Phoenix, AZ, USA; 5Radiation Physics, St Josephs Hospital,

Phoenix, AZ, USA.

Purpose: Resection alone is typically insufficient treatment for recurrent
previously irradiated intracranial neoplasms yet repeat external beam
radiation (EBR) is often not given a second time to avoid causing
radiation brain injury (RBE). The clinical impact of not having an
effective adjuvant treatment is that practitioners are often reluctant to
recommend reoperation, even when potentially beneficial. Combining
resection (R) with adjuvant brachytherapy (BT) represents a
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theoretically attractive therapeutic option for several reasons. However,
two of the main concerns hampering the routine use of brain
brachytherapy have been a) the high rates of adverse effects (AE),
including RBE and wound healing, and b) the added operating room
time necessary to implant sources. To overcome these shortcomings, we
designed and then prospectively trialed a permanently implanted device
that optimizes inter-seed spacing and prevents deleterious direct source-
to-brain contact while also functioning as a multi-seed carrier thereby
speeding the implant process.
Materials and Methods: From 2/13 to 2/18 recurrent previously irradiated
intracranial neoplasms were treated on a prospective, single arm, multi-
histology study (ClinicalTrials.gov, NCT#03088579). At the completion
of maximum safe resection, biocompatible collagen squares (Suturable
DuraGen, Integra LifeSciences Corp., Plainsboro, NJ) were imbedded
(GammaTile Loader, GT Medical Technologies, Tempe, AZ USA) with
Cs 131 sources (Proxcelan, IsoRay Medical, Inc., Richmond, WA) and
the Resulting tile brachytherapy (TBT) constructs (see top figure) were
permanently implanted in the operative bed under direct visualization.
The collagen tiles offset sources 3 mm from brain surface and 10 mm
from each other, and were configured to deliver a dose of 120-150 Gy at
the resection surface and 60-80 Gy 5 mm deep to the operative bed. No
additional local therapy was given without progression.
Results: 79 recurrent previously irradiated tumors in 74 patients were
treated: 40 high grade gliomas (HGG) (10 grade 3, 30 grade 4), 23
meningiomas (1 grade 1, 20 grade 2, 2 grade 3), 12 metastases (Mets),
and 4 ‘‘other’’. Median age 61 years; 31 females/43 males. Median prior
RT dose at implant site 70 Gy, range 16-110 Gy. Average prior same site
surgeries were 2 , range 0-4. Average seed sources implanted was 22,
range 4-72; average mCi per seed 3.5. Median implant D90 was 63Gy,
range 54-80 Gy. Average implantation time was 5 minutes. At a median
follow-up of 13.4 months (range 1-54.6 mo.), surgical AE’s were wound
infection in 2/79 (2.5%), dural closure breakdown requiring surgery in 2/
79 (2.5%), and 1 each (1.3%) procedure related hematoma, shunt
placement, and coma (full autopsy negative). Symptomatic radiation brain
changes at any time during follow up occurred in 6/79 (8%), all treated
medically. Ten consented patients had only necrosis at frozen section and
were not implanted; this 11% rate of preexisting symptomatic radiation
necrosis (10/89) from prior EBR was higher than that seen after RþTBT.
The figure below shows examples of collagen tiles (upper) and the
observed AE’s by histology (lower).
Conclusion: The safety profile observed with RþTBT was excellent, with
AE’s at a similar or lower rate than expected. Recently published initial
outcomes data from this trial1 and the recently granted FDA clearance
suggest this therapy (GammaTileTM) could help expand the treatment
options for this difficult cohort of patients.
References: 1. Brachman DG et al. J Neurosurg. 2018 Dec 21:1-10. [Epub
ahead of print]
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Purpose: Diffusing alpha emitters Radiation Therapy (DaRT) is a unique
brachytherapy treatment, in which highly-destructive short-lived alpha-
emitting atoms are dispersed to a therapeutically-significant range inside
the solid tumor. It was previously shown that in situ ablation by DaRT
induces a systemic antitumor immune response, evidenced by prolonged
survival and reduced rates of lung metastases and of primary- or
challenged- tumor development. Here, we aimed to investigate strategies
to boost the systemic antitumor immune response induced by DaRT.
Materials and Methods: TLR3/9 agonists (polyIC and CpG, respectively)
were used to treat mice bearing subcutaneous 4T1 /CT26 tumors in
combination with DaRT. In the immunogenic CT26 colon cancer model
additional treatment with inhibitors of Tregs/MDSC (low dose
cyclophosphamide and Sildenafil, respectively) was added to CpG and
DaRT. In the 4T1 non-immunogenic triple negative breast cancer model
polyIC was delivered to the cytoplasm of the primary tumor cells in vivo
by polyethylenimine (PEI).
Results: DaRT in combination with TLR3/9 agonists retarded tumor
progression and prolonged overall survival in CT26-bearing mice. Adding
Tregs/MDSC inhibition to the TLR9 agonist CpG Resulted in the
complete cure of 51% of the mice, whereas the same treatment with
control seeds (inert) resulted in tumor recurrence (95% tumor bearing
mice). This effect was mediated by a specific immune response against
tumor antigens, as shown by 100% resistance only to a CT26 tumor
challenge, and high protection of na€ıve mice against CT26 inoculation by
splenocytes from cured mice. In the highly metastatic 4T1 model the
local treatment of polyIC(PEI) combined with DaRT and followed by
tumor resection was sufficient to eliminate lung metastases and to
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enhance long term survival. 25% of the animals are still alive 135 days since
inoculation.
Conclusions: DaRT is currently tested under clinical trials in squamous cell
carcinoma patients showing effective tumor control without major adverse
effects. The current Results shows that ablation by DaRT turns the tumor
into its own cancer vaccine and could be used not only as a local treatment
but also as a therapeutic strategy to induce a strong systemic antitumor
immune response, which will eliminate metastases in distant sites.
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Purpose: Previously, an optical fiber radiation detector system was shown
to be capable of identifying potential high dose rate (HDR) brachytherapy
delivery errors in real time.1,2,3 The Purpose of this work is to determine
this system’s limits of error detection in vaginal cylinder HDR
brachytherapy.
Materials and Methods: The system consists of a scintillating
nanoparticle-terminated fiber-optic dosimeter (NanoFOD) and a LabView
platform which displays the real-time voltages measured by the
NanoFOD during HDR treatment delivery. The platform allows for the
measured voltage to be overlaid on the expected voltage calculated using
the dose distribution exported from the treatment planning system (TPS)
and a previously obtained distance-based calibration curve for the
NanoFOD.1 To test the limitation of error detectability in vaginal cylinder
brachytherapy, the NanoFOD was taped 1.5-cm from the tip of a 3-cm
diameter Varian stump cylinder. This setup was imaged using CT to
localize the NanoFOD, and a plan was generated based on the
institution’s 3-cm stump cylinder templates to deliver 5-Gy to 5-mm in
tissue over 4-cm with a 5-mm step size. The expected voltages at
NanoFOD tip position were calculated from TPS and imported to the
LabView. First, the correct treatment was delivered and monitored in real-
time to investigate the agreement between measured and expected
voltages. Then, treatment errors were introduced by mimicking situations
that could happen clinically: using 1) wrong source guide tube (SGT), 70-
mm difference; 2) wrong cylinder (3.5-cm); 3) wrong treatment template
(wrong dose); 4) wrong step size (10-mm), as well as 5) incorrect
positioning of the cylinder insert (5-15-mm range). For each situation, the
incorrect set up was delivered and voltages measured in real-time and
also simulated in the TPS. In addition, simulations alone were performed
for a wider range of wrong treatment lengths (5-70 mm in 5 mm
intervals). From previous work, it has been determined that the tolerance
of the NanoFOD system in HDR brachytherapy is about 20%.1,4,5 The
percent difference (PD) between voltages from correct and incorrect plans
was compared with this tolerance to determine if this real time system
could catch potential gross errors in clinical HDR.
Results: Using the NanoFOD system, when the correct treatment was
delivered, the median PD between measured and expected voltages was
3.8%. Using wrong SGT or wrong cylinder size, the system detected PD
of 81% and 49% respectively at first dwell. When the wrong clinical
template was used, the interface also caught the error at the first dwell by
identifying dwell time differences. With wrong step size, the PD was 35%
at third dwell. With incorrect cylinder insert position at 5-mm, 10-mm
and 15-mm away from the end, PDs were 20%, 32% and 34% at the
fourth, third and second dwell positions. When simulating the incorrect
deliveries in the TPS, PD from the wrong SGT and wrong cylinder plans
vs the correct plan agreed with the measurements with median differences
of 5.5% and 4.7%, respectively. For wrong step size, the simulation
detected a O 20% difference at first dwell. For incorrect positioning of
cylinder insert, discrepancies between TPS and measurement ranged from

30% to 11% at dwell position 1 to 4, but it dropped with increasing error
in placement.
Conclusions: Using the 20% error detection threshold, the NanoFOD
system was able to detect errors when the wrong cylinder size, wrong
SGT and wrong template were used, all at the first dwell position. For
subtle errors such as small incorrect catheter insertions, the real-time
system can detect errors starting with the second or third dwell position.
Overall, the nanoFOD can catch potential gross errors in clinical HDR.
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Purpose/Objective: The primary goal of this study is to estimate the rate of
treatment related late GI/GU toxicity. It was originally reported in 2010.
This is a report of long-term patient outcome following treatment with
external beam radiation therapy (EBRT) and prostate high dose rate
(HDR) brachytherapy from a prospective phase II, multi-institutional
collaborative trial conducted by NRG Oncology/RTOG.
Materials/Methods: Patients with clinically localized (T1c-T3b) prostate
cancer without prior history of TURP or hip prosthesis were eligible for
this study. All patients were treated with a combination of 45 Gy in 25
fractions from EBRT and one HDR implant delivering 19 Gy in 2
fractions. Adverse events (AE) were collected using CTCAE v3.
Biochemical failure was assessed using the ASTRO definition and the
Phoenix definition. Local failure was determined by clinical exam and
distant failure required documentation of regional nodal recurrence or
distant disease relapse. Disease-specific deaths included those due to
prostate cancer, other causes with active malignancy, and complications
of treatment. Cumulative incidence was used to estimate time to severe
late GI/GU toxicity, biochemical failure, disease-specific mortality, local
failure, and distant failure. Competing risks were death without an event.
Overall survival was estimated using the Kaplan-Meier method.
Results: One hundred twenty-nine patients were enrolled from 7/04 to 5/06.
One hundred and twenty-five patients were eligible and AE data was
available for 115 patients. The pretreatment characteristics of the patients
(all were NCCN intermediate to high risk) were as follows: median age
was 68 (range: 48-80), T1c-T2c 91%, T3a-T3b 9%,PSA # 10 70%, PSA
O10-#20 30%, Gleason score (GS) 6 10%, GS 7 72%, and GS 8-10
18%. Forty-three percent of patients received hormonal therapy. There
were 6 (5%) patients with grade 3 GI/GU AEs, and no late grade 4-5 GI/
GU AEs. The single Grade 3 GI AE was proctitis. The grade 3 GU AEs
were:cystitis (n51), pollakiuria (n51), renal/genitourinary-other (n51),
urethral stricture (n51), urinary incontinence (n51), and urinary
retention (n52). At 5 and 10 years, the rate of late grade 3-5 GI/GU AEs
was 4.4% and 5.4%. Five- and 10-year overall survival rates were 95%
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and 76%. The biochemical failure rates using the ASTRO definition: 5-year
and 10-year rates of 10% and 15%; using Phoenix definition: 5-and 10-year
rates of 14% and 23%. The 10-year rate of prostate-specific mortality was
6%. At 5 and 10 years, the rates of distant failure were 4% and 8%. The
rates of local failure at 5 and 10 years were 2% at both time points.
Conclusion: This prospective trial demonstrates the feasibility to use HDR
in a multi-institutional setting with excellent long-term outcomes and
modest toxicity. This project was supported by grants U10CA180868
(NRG Oncology Operations), U10CA180822 (NRG Oncology SDMC)
from the National Cancer Institute (NCI).
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Purpose: To report Results for 70 patients with penile cancer treated with
interstitial high-dose-rate brachytherapy (HDR-BT) at a single institution.
Materials and Methods: From December 2000 to September 2018, 86
patients with penile cancer were treated with interstitial HDR-BT, and 70
with at least 7 months of follow-up were analyzed. In 97.2% of the
patients, histological examination revealed squamous cell cancer, while
Kaposi’s sarcoma and malignant melanoma were found in 1.4%
respectively. T1 tumors were present in 47.2% of the patients, T2 tumors in
21.4%, T3 tumors in 10%, Tx in 10%, and tumors in situ in 11.4%. Tumor
biopsy alone was performed on 57.1% of the patients, and 42.9%
underwent wide local excision. A finding of positive lymph nodes led to
17.1% of the patients undergoing inguinal lymph node dissection and 4.3%
receiving external beam radiotherapy. Brachytherapy was performed after
circumcision. All patients were treated with interstitial multicatheter
implants inserted manually using a free-hand technique without a template.
The number of plastic catheters ranged from 1 to 8 (median 4). The total
dose in patients who underwent wide local excision ranged from 21 to 54
Gy (median 42.8 Gy) and in the group that underwent only biopsy from 39
to 57 Gy (median 48.2 Gy). Doses were fractionated twice a day, with at
least 6 hours break between fractions. Dose per fraction ranged from 3 to
3.5 Gy. Treatment time ranged from 4 to 16 days (median 11 days).
Results: Median age was 59 years (range 29-87 years). Median follow-up
was 74 months (range 7-202 months). There were 12 local failures
(17.1%), and in 7 cases (10%) local control (LC) was not achieved and
persistent disease was noted. Nine out of the 12 patients with local failure
underwent penectomy, and 3 who refused surgery underwent a second
course of interstitial HDR-BT. All patients with persistent disease
underwent penectomy. The 5- and 10-year overall survival (OS) was
75.8% and 60.1% respectively. The 5- and 10-year cause-specific survival
(CSS) was 83.5% and 78.4% respectively. The 5- and 10-year disease-
free survival (DFS) was 55.2% and 42.3% respectively. LC at 5 and 10
years was 67.1%. Five- and 10-year penile preservation (PP) was 69.6%.
Acute reactions were observed in all patients and consisted predominantly
of penile edema and Grade 2 radiation mucositis that healed within 8

weeks after completion of treatment. There was no Grade 3 or Grade 4
acute toxicity.Telangiectasia and pigmentation changes were well
tolerated by all patients. One urethral stenosis occurred in a patient with a
T3 tumor and was treated successfully with dilatation. We did not observe
any postradiation necrosis.
Conclusions: Interstitial HDR-BT in penile cancer provides good local
control with low rates of late severe toxicity. It is a good treatment option
that in selected patients with penile cancer allows preservation of the penis.
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Purpose: The first clinical trial in humans with skin and oral cavity
squamous cell carcinoma (SCC) was performed in order to evaluate the
effect of a unique intratumoral alpha radiation-based tumor ablation
treatment termed Diffusing Alpha emitters Radiation Therapy (DaRT).
Materials and Methods: Radium-224 loaded sources (DaRT seeds) were
inserted into solid tumors and released by recoil short-lived alpha-
emitting atoms (Rn-220, Po-216, Pb-212, Bi-212, Po-212, Tl-208). These
atoms disperse in the tumor, and spray it with highly destructive alpha
radiation. The decay products diffuse in the tumor mass to a distance of at
least 5 mm.
Results: A feasibility and safety clinical study is ongoing and currently 27
cases were treated at the Rabin Medical Center (Israel) and IRST (Italy).
Patients with histopathological confirmed skin or head and neck SCC, and
tumor size # 5 centimeters in the longest diameter, were enrolled.
Treatment was delivered based on a CT-simulation pre-treatment plan.
The seeds (1 cm long and 0.7 mm in diameter) each carrying a dose of
2 mCi were placed up to 5 millimeters from each other. CT was used to
check the position of the radioactive seeds. Two to four weeks after
implantation the seeds were removed, and six weeks after treatment CT
was performed to assess the effect of treatment. Study Results are
available for 18 cases who were treated per protocol and reached the 30-
day visit. The age of the patients ranged between 60 to 102 (median 80).
Nine patients had oral cavity SCC and eighteen subjects were diagnosed
with aggressive skin SCC. Thirteen subjects were treated within radiation
failure fields (Radiation dosage O60 Gy). All tumors responded to the
treatment; Thirteen tumors had a complete response and five tumors
showed a partial response. No major toxicity was noted.
Conclusion: In this feasibility and safety human study we demonstrated
that alpha particles based treatment (DaRT) exhibit enhanced
radiobiological potential. The treatment was effective against radio-
resistant SCC tumors without major toxicity.
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Purpose: Define the optimal dose of iodine-125 seed implantations to
benefit clinical outcome of patients with lung cancer.
Materials and Methods: A retrospective analysis was performed with
clinical data from four medical centers in China between 2004 and 2017.
As a continuous variable, ISI dose was entered into the Cox regression
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with penalized spline regression to form a nonlinear relationship between
ISI dose and events. Multivariate Cox regression was applied to evaluate
the independency of ISI dose in predicting the overall survival (OS), and
CMH x 2 test was used to investigate the correlation between ISI dose and
treatment response. The diagnostic power of ISI dose was performed with
receiver operating characteristic (ROC) analysis and calibration plots.
Results: A total of 488 patients (328 [67%] male; median age, 65 years
[range, 11- 89 years]) were selected. For patients treated with ISI, median
dose was 142.3 Gy, 92.6 Gy, 59.7% and 57.4% for D90, D100, V900 and
V100, respectively. The risk of mortality dropped off acutely in ESI
interval estimation, which was externally validated in testing set. For
patients receiving ISI, ESI dose was correlated with significantly
favorable 5-year OS (85% vs 18%, P! 0.001) than LSI and SSI. And ISI
dose was independent of the other clinical variables in OS prediction with
vigorously and precisely diagnostic power. Treatment response analysis
revealed a closed correlation between ISI dose and clinical outcome.
Finally, the clinical factors (TNM stage, larger tumor size and no
smoking) were screened for patients received SI dose.
Conclusions: The optimal ISI dosewas SI for patients with lung cancer. ESI
was associated with prolonged survival. These discoveries would facilitate
to define the standard of filtering lung cancer patients with SI dose of ISI
treatment.
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Purpose: Most studies evaluating the effect of brachytherapy vs external
beam radiation (EBRT) on survival in patients with NSCLC have been
small in size or limited to single institution experiences. A national,
retrospective analysis was performed with the Surveillance,
Epidemiology, and End Results (SEER) database to compare
brachytherapy to EBRT with respect to overall survival (OS) and disease
specific survival (DSS). A patterns of care analysis was also performed to
evaluate the predictors of brachytherapy use as compared to EBRT.
Materials and Methods: A population based search was performed with
the National Cancer Institute’s SEER database. A case listing session was
used to extract cases of primary bronchial or lung NSCLC diagnosed
between 2004 and 2014. NSCLC cases were defined by the following
ICD10 codes: 8070/3: squamous cell carcinoma, NOS; 8012/3: large cell
carcinoma, NOS; and 8140/3: adenocarcinoma, NOS. Only patients with
known T stage, with N0 M0 disease, and treatment with either EBRT or
radioactive implants were included in the final analysis. Patients with
multiple primaries or diagnosis on autopsy/death certificate were
excluded. Chi square and Fisher’s exact analysis were used to analyze
categorical variables while student’s T test was used to analyze
continuous variables. Univariate analysis to assess for differences in
survival with respect to covariates (age, gender, marital status, race, year
of diagnosis, primary site, histology, T stage, surgery, chemotherapy, and

radiation) was performed using the log rank test. Multivariable analysis
was performed with Cox proportional hazards regression models to
determine the predictive performance of covariates with respect to OS
and DSS, reported as hazards ratios (HR) with 95% CIs. Radiation was
included in Cox regression by default while other covariates were only
included if significant or near significant on univariate analysis (p!0.10).
Multivariate binomial logistic regression was used to assess for predictors
of brachytherapy use, reported as odds ratios (OR) with 95% CIs.
Comparisons were considered statistically significant at p!0.05. All
statistical analyses were performed in SPSS, version 24 (IBM Corporation).
Results: Among 12,678 patients, mean age (standard deviation, SD) was 71
years (10.5) with 12,568 (99.1%) undergoing EBRT and 110 (0.9%)
undergoing brachytherapy. Covariates associated with both OS and DSS
on univariate analysis included age, gender, marital status, year of
diagnosis, histology, primary site, grade, T stage, surgery, and radiation
(p!0.05). Chemotherapy was significantly associated only with DSS.
Brachytherapy demonstrated improved OS and DSS on univariate
analysis as compared to EBRT (p!0.05). On multivariate cox regression,
the following covariates were predictors of both OS and DSS: age,
gender, marital status, race, year of diagnosis, primary site, histology,
grade, and surgery (p!0.05). Chemotherapy was significantly associated
with DSS (p!0.05). There was no significant difference in brachytherapy
vs EBRT with respect to OS and DSS on multivariate analysis (HR,
1.079; 95% CI [0.826; 1.409] and HR, 0.932; 95% CI [0.666; 1.304],
respectively). In the patterns of care analysis; male gender, T3 stage, and
chemotherapy were predictors of EBRT use over brachytherapy (p!0.05).
However, involvement of the main bronchi, grade III disease, later year of
diagnosis, and surgery were predictors of brachytherapy use (p!0.05).
Conclusions: Patients undergoing brachytherapy for T1-T4, N0, M0
NSCLC appear to have at least similar survival as compared to those
undergoing EBRT. Moreover, involvement of the main bronchi, grade III
disease, later years of diagnosis, and surgery were all predictors of
brachytherapy use. Thus, brachytherapy may be a suitable alternative to
EBRT in NSCLC patients where EBRT is contraindicated.
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Purpose: Radiation boost increases complete response rates for rectal
tumors, potentially enabling the omission of surgery. Endoluminal
boosting techniques such as 50 kV contact x-ray radiotherapy (CXRT)
have the advantage of better targeting small volumes than external beam
radiotherapy due to more accurate positioning of the applicator and
steeper dose falloff, allowing organ preservation and better toxicity
profiles. The widespread use of CXRT devices is restricted due to its high
cost and lack of treatment planning tools. Hence, a cost-effective solution
was developed by designing a rectal brachytherapy applicator that uses
commonly available 192Ir HDR brachytherapy sources to generate dose
distributions similar to those generated by CXRT devices. This offers the
possibility of integration with currently available treatment planning
systems (TPS).
Materials and Methods: A cylindrical applicator (Figure 1-A) with 5
channels was designed (patent pending) to be used with a rectoscope for
visual guided positioning against tumors using its tip as treatment surface.
Both the applicator and the rectoscope have a slanted edge to increase
treatment surface without increasing its diameter and to provide better
placement against tumors. The rectoscope has lateral shielding to
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preserve organs at risk (OAR) and a plastic cap to stop secondary electrons,
while the 192Ir HDR source is positioned in multiple dwell positions close to
the treatment surface, producing a uniform dose distribution, high dose rate
and steep dose falloff due to the inverse square law. The Papillon 50 (P50)
CXRT device was adopted as reference for the applicator design regarding 3
main parameters: radiation field size, dose falloff and treatment time. The
applicator design was achieved by Monte Carlo modeling and validated
experimentally with film dosimetry.
Results: The slanted edge of the applicator allows the source to be
positioned parallel to the treatment surface without excessive source cable
curvature (Figure 1-B), enabling a high dose rate for an effective
treatment surface of 20 x 20 mm2. The Resulting dose falloff is slightly
steeper than the one generated by the P50 device using a 22 mm
applicator. The relative dose values delivered at depths of 0, 2, 5 and 10
mm are, with normalization at 2 mm depth, respectively, 130, 100, 70 and
43% for the P50 device and 139, 100, 65, and 39% for the rectal
applicator. The applicator can deliver an average surface dose of 32 Gy in
less than 9 minutes with a 5 Ci source, including the time required to
perform channel obstruction verifications before the irradiation.
Conclusions: A rectal applicator for contact radiotherapy was designed to
generate dose distributions similar to those of CXRT devices, but using 192Ir
HDR brachytherapy sources. The use of multiple channels and TPS
integration offers the advantage of increasing the degrees of freedom
available to shape the dose distribution and better cover tumors with
different shapes e.g. assessed with ultrasound imaging. The novel
applicator is able to deliver a uniform dose distribution to a small target
volume while the steep dose falloff and lateral shielding protects normal
tissues in all other directions.
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Purpose: The Collaborative Ocular Melanoma Study (COMS) group
conducted a Phase III randomized trial that demonstrated medical
equipoise between patients with choroidal melanoma treated with either
enucleation or eye plaque brachytherapy, with no survival differences
found between the treatment cohorts. The inclusion criteria were defined

as medium sized tumors with height between 2.5-10mm and diameter less
than or equal to 16mm. This study established eye plaque brachytherapy
as a standard of care for patients with medium sized choroidal melanoma
tumors. There is no current data comparing the efficacy of brachytherapy
and enucleation for patients with larger sized tumors. The Purpose of the
present study was to use a large, contemporary database to determine
current practice patterns and compare survival outcomes between
different management options for patients with choroidal melanoma.
Materials and Methods: The National Cancer Database was queried
(2004-2014) for histologically-confirmed choroidal melanoma. Inclusion
criteria included M0 disease, N0 disease, and complete information
regarding tumor size and vital status. The Chi-Squared test and Fisher
exact tests were used to compare categorized demographic and clinical
variables in both arms. Kaplan-Meier analysis evaluated overall survival
(OS). Cox proportional hazards analysis determined variables associated
with OS. Patients were divided into cohorts representing small, medium,
and large tumors based on COMS trial size criteria.
Results: A total of 3,777 patients met the selection criteria; 2964 (78%)
patients received brachytherapy and 813 (22%) of patients were treated
with enucleation. Median follow-up was 38 and 30 months for
brachytherapy and enucleation, respectively. Brachytherapy patients were
more likely to be from educated zip codes, have private insurance, and
live further away from where they were treated. Enucleation patients were
more likely to be treated at an academic center and be uninsured.
Amongst all patients, median overall survival was 133 vs. 65 months for
brachytherapy and enucleation, respectively (p!0.001). Median survival
for COMS small tumors was 132 vs. 96 months, for COMS medium
tumors was 131 vs. 69 months, and for COMS large tumors was 130 vs.
59 months for brachytherapy and enucleation, respectively (p!0.001).
Multivariate Cox regression found older age (hazard ratio [HR] 5 1.43,
95% confidence interval [CI] 5 1.20-1.85), more comorbidities (HR 5
1.56, 95% CI 5 1.29-1.87), and increasing COMS size (HR 5 1.19, 95%
CI 5 1.06-1.34) were negative prognosticators of survival. Brachytherapy
was a positive prognosticator of survival (HR5 0.36, 95% CI5 0.31-0.43).
Conclusions: Patients selected for brachytherapy had improved survival
compared to enucleation in all COMS size cohorts in this large
retrospective review. Brachytherapy is a reasonable treatment option for
certain patients with COMS large size tumors. The retrospective nature of
this analysis is recognized as a limitation. Further prospective studies are
warranted to confirm these findings.
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Clinical Efficacy and Prognostic Factors
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Purpose: Due to the unique anatomical location of retroperitoneal
metastatic lymph nodes, current treatment options are limited. This study
was designed to explore the clinical efficacy and prognostic factors of
CT-guided 125I brachytherapy for the treatment of retroperitoneal
metastatic lymph nodes.
Materials and Methods: We retrospectively evaluated 92 patients who
received 125I brachytherapy for retroperitoneal metastatic lymph nodes
from April 24, 2012 to August 4, 2016. The main study index was local
tumor progression-free survival (LTPFS). A layered Cox proportional
hazards model was established to filter out the independent factors
affecting LTPFS.
Results: The median LTPFS was 8 (1-87) months and the average LTPFS
was 15.2 months. Six months after 125I brachytherapy, 27 patients
(29.3%) achieved complete remission (CR). Metastatic lymph node with
previous radiotherapy (p-0.017), uniform density (p-0.009), clear
boundaries (p-0.011), regular morphology (P!0.001), and! 3 organs at
risk of metastasis (p-0.020) were associated with better LTPFS. Necrotic
lymph nodes (p!0.001), fusion (p-0.003), and invasion of vessels visible
on images (p!0.001) were associated with poor LTPFS. Puncture path
through abdominal wall or paravertebral approach were also associated
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with better LTPFS than a hepatic approach (P!0.05). A maximum diameter
#3 cm(P-0.031) or 3-5 cm (P-0.018) were also associated with significantly
better LTPFS than a maximum diameter $5 cm. The Cox proportional
hazards model suggested that lymph nodes that invaded the large vessels
visible on images were an independent risk factor for LTPFS (HR 0.380;
95% CI 0.168, 0.862; P-0.021). The smaller diameter of lymph nodes was
an independent protective factor of LTPFS [! 3 cm / $5 cm (HR 0.252;
95% CI 0.072, 0.883; P-0.031); 3-5cm / $ 5 cm (HR 0.349; 95% CI
0.146, 0.835; P-0.018)]. The puncture path was also an independent factor
affecting LTPFS (p-0.007). The puncture path through the abdominal wall
was associated with better LTPFS than a puncture path through the liver
(HR 2.584; 95% CI 1.256, 5.312; P-0.010).
Conclusions: CT-guided 125I brachytherapy for retroperitoneal metastatic
lymph nodes is a safe and effective treatment. Its clinical efficacy is not
only related to the lymph node itself, but also related to the technology of
125I brachytherapy. Better preoperative planning, intraoperative
implementation, better choice of puncture path, and selection of
appropriate tumor size are important factors that can improve the clinical
efficacy of 125I brachytherapy for retroperitoneal metastatic lymph nodes.
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Interstitial High Dose Rate
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Purpose: Radiotherapy (RT) after surgical resection of keloids reduces the
risk of local recurrence, but standardization of RT technique and dose are
lacking. While other diseases treated with brachytherapy move from point
to volume-based prescriptions, brachytherapy prescriptions for keloids are
still standardly based on a single channel source prescribed to 0.5 cm
depth. We investigated the dosimetry of a volume-based target definition
for interstitial high dose rate brachytherapy treatment of keloids.
Materials and Methods: This was an IRB approved retrospective study of
consecutively treated patients with interstitial high dose rate brachytherapy
for keloids at our institution between 2004-2014. A total of 14 patients were
identified who had a total of 20 keloids treated. The sites treated were: breast
(4 inframammary, 3 axillary tail, 2 expander incision, 2 postmastectomy),
nipple (2 circumferential), abdomen (2 periumbilical, 1 pannectomy),
pelvis (2 suprapubic), extremity (1 knee) and neck (1 chin). All patients

had extramarginal excision of their keloids, intraoperative placement of
an HDR interstitial catheter, and wound closure by a single plastic
surgeon. All patients had CT based planning performed and received a
single dose of 8 Gy prescribed to 0.5 cm to the scar within 36 hours from
the completion of their surgery. Retrospectively, a 3 mm skin target was
contoured under the scar. This volume represented our high-risk clinical
target volume (HR-CTV). A dose volume histogram (DVH) was
constructed and the following dose parameters were extracted: mean
dose, D90, D98, V100, V125, V150, V200, V300, and V400. Clinical
outcomes were also reviewed for local recurrence and acute (within 3
months) and late toxicities as defined by CTCAE v5.
Results: The mean HR-CTV volume was 3.91 cm3 (range 0.6 cm3 to 10.8
cm3). The mean (SD) HR-CTV dose was 11.3 Gy (3.6) (range of 4.9-17.6
Gy). The mean D90 (SD) was 62.9% (þ/-25.8) and mean V100 (SD) was
56.5% (þ/-26.4). The mean V150 (SD), V200 (SD), and V300 (SD) were
as follows: 37.6% (þ/-19.9), 25.1% (þ/-14.4), and 11.3% (þ/-6.5).
Additional DVH values are presented in the below table. With a median
follow up of 9 months (range 1 - 18 months), there have been no local
failures to date. Two patients developed acute (Grade 1 erythema and
Grade 1 hyperpigmentation). There were no surgical site infections or
wound dehiscence. There were no grade 3 or higher late toxicities.
Conclusion: By defining an HR-CTV for keloids we were able to evaluate
various DVH values to this target. There is a wide range of mean HR-CTV
doses which is likely a consequence of the curvature of the skin and the
challenges of keeping the catheter equidistant to the skin across the entire
target. Despite these variations in target coverage there have been no
failures to date and limited acute/late toxicities. Additional data is needed
to better define dosimetric correlates with outcomes/toxicities using this
brachytherapy technique.
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Novel Intraoperative Radiotherapy
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Rate (HDR) Applicators

Brandon Imber, MD, MA1, Gil’ad Cohen, MS2, Hilda Stambuk, MD3, Evan

Matros, MD4, Leonard Wexler, MD5, Alexander Drew, DMD, MS6, Evan

Rosen, DMD, MPH7, Ian Ganly, MD, PhD8, Antonio Damato, PhD2,

Suzanne Wolden, MD, FACR1. 1Radiation Oncology, Memorial Sloan

Kettering Cancer Center (MSKCC), New York, NY, USA; 2Medical
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NY, USA; 4Plastic and Reconstructive Surgery, MSKCC, New York, NY,

USA; 5Pediatrics, MSKCC, New York, NY, USA; 6Columbia University

College of Dental Medicine, New York, NY, USA; 7Surgery, Dental Service,

MSKCC, New York, NY, USA; 8Surgery, Head and Neck Service, MSKCC,

New York, NY, USA.

Purpose: Intraoperative radiotherapy (IORT) is an effective strategy for the
delivery of high doses of radiotherapy to a residual tumor or resection cavity
with relative sparing of nearby healthy tissues. This strategy is an important
component of the multimodality management of pediatric soft tissue
sarcomas, particularly in cases where patients have received prior courses
of external beam radiotherapy (EBRT). Tumor beds with significant
topographic irregularity remain a therapeutic challenge since existing IORT
technologies are typically most reliable with flat surfaces. To address this
limitation, we have developed a novel strategy to create custom,
prefabricated HDR IORT applicators designed to match the morphology of
an anticipated surgical cavity. We describe the successful fabrication

S41Abstracts / Brachytherapy 18 (2019) S12eS116



process for the 3D customized applicators. We also detail our experience
utilizing this strategy in two pediatric patients who underwent HDR-IORT
with Iridium-192 as part of complex head and neck sarcoma resections.
Materials and Methods: Preoperative imaging was used to create detailed
volumetric segmentations of the gross tumor volume and anticipated resection
margin. This segmentation was converted to a computer aided design (CAD)
file whichwas then three-dimensionally (3D) printed to create a spatial model
of the expected resection cavity. A negative imprint mold of the 3D printed
resection cavity was then produced and used to cast a custom, semi-rigid
Silastic IORT applicator suitable for surgical implantation. HDR catheters
were inserted into the Silastic and a CT scan of the custom HDR applicator
was acquired. IORT treatment was pre-planned using a registration of the
preoperative CT and CT scan of the HDR applicator.
Results: HDR pre-planning with the applicators improved dosimetric
accuracy and minimized incremental operative time. The first patient was
a 7-year-old boy with recurrent parameningeal embryonal
rhabdomyosarcoma with prior treatment to 50.4 CGE using proton beam
radiotherapy. The second was a 10-year-old girl with a radiation-
associated ethmoid sinus osteosarcoma who had previously received 59.4
Gy for anaplastic ependymoma. In both patients, the applicator could be
easily positioned, suggesting that segmentation of the tumor shape with a
planned surgical resection margin on preoperative imaging is a reliable
predictor of the actual surgical cavity contour. Neither patient had
unexpected wound healing complications attributable to IORT.
Conclusions: Preliminary assessment is that usage of the custom
applicators is feasible, versatile for a variety of re-irradiation situations
and enables the uniform delivery of high superficial doses of radiotherapy
to irregularly shaped surgical cavities. This technique should have broad
applicability to a wide variety of adult and pediatric malignancies.
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Purpose: To parallel credentialing in external beam radiotherapy,
credentialing in permanent seed implant brachytherapy should include a

phantom delivery component that assesses an institution’s capability in
effectively delivering the prescription dose. In this work, a brachytherapy
credentialing workflow is proposed that includes delivery to an implantable
anthropomorphic phantom and assessment of an institution’s seed implant
accuracy. To demonstrate the assessment process, this credentialing
workflow is applied to permanent breast seed implant (PBSI) brachytherapy.
Materials and Methods: The credentialing workflow is illustrated in
Figure 1, in which the applicant performed a simulated implant that was
assessed by an evaluator. Briefly, the applicant received a simulation phantom
and created a CT-based brachytherapy treatment plan. Non-radioactive seeds
were ordered and delivered according to institutional practice. A post-implant
CT is acquired. The applicant provides the evaluator a pre-implant CT, post-
implant CT, and the brachytherapy treatment plan. Seed implant accuracy is
determined by software that matches the intended seed position to the
delivered seed position and calculates individual seed, needle, and total
implant errors. In this work, a single institution acted as the applicant group
and performed four PBSI simulated implants on an implantable
anthropomorphic breast phantom that had been previously characterized for
uncertainty in seed implant accuracy. The simulated implants were assessed
by an independent evaluator group and were characterized for seed implant
accuracy. The applicant group and the evaluator group in this study were two
independent sets of PBSI experts at the demonstration institution.
Results: The study successfully demonstrated a simulation-based
credentialing workflow for permanent seed implant brachytherapy by way
of PBSI simulated implants. The evaluator independently assessed the
applicant’s seed implant accuracy. Averaged over four simulated implants,
the seed implant accuracy for the applicant was 6.5 �2.5 mm.
Conclusions: The use of implantable anthropomorphic phantoms is used to
demonstrate a permanent seed implant brachytherapy credentialing process
that is capable of quantitatively evaluating seed delivery accuracy. In this
work, the evaluation process is demonstrated by a single institution’s
simulated PBSI implants, which yielded an average seed implant
accuracy of 6.5 �2.5 mm. In the future, this credentialing process can be
applied to additional sites to provide a data set benchmarking multi-
institution performance in PBSI brachytherapy.
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Purpose: VBRT treatments can cause permanent sexual dysfunction due to
shortening and vaginal shrinkage induced by fibrosis and post-treatment
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stenosis as a permanent toxic effect. We evaluated the introduction of
supportive therapy (SuBRT) vs control group (CBRT).
Materials and Methods: From January 2010 to September 2017, 207
patients histologically proven endometrial carcinoma treated with VBRT
exclusively, with or without supportive therapy during treatment. VBRT
treatment involved a total dose of 30 Gy with a daily fraction of 6 Gy.
Supportive therapy: daily endovaginal lavender with clorexidina and 12
hours after endovaginal ovules of hyaluronic acid low molecular weight.
We have formulated a psychological check-list for short individual
interview to assess quality of life and impact on sexual activity after
VBRT, respecting privacy. We defined following areas: 1) social
relationships and personal emotions, 2) intimacy of couples and sexuality,
3) impact of treatment on sexuality, 4) relationship doctor-patient before
VBRT.
Results: Evaluable 199 pts.; median follow up 44 months (range 8-93);
median age 62 years (40-88). Histological examination Resulted 5
squamous and 194 adenocarcinoma; grading G1 for 15%, G2 for 65%
and G3 for 20% of cases; all stage pT1B; lymph node status Negative
in 149 (75%) and NX in other 50 (25%). Diameter of the cylinder used
in 168 (84%) pts. it was 3-4 cm the remaining 31 (26%) diameter 1-2.
Only 3 (1.5%) pts. disease progression. Psychological evaluation
performed on 142 pts. (Median age 61, range 44-71) the rest 57 not
interested because not sexual active, 100% test response rate in sexual
active pts. (The highest in literature data). Two groups: 69 CBRT vs 73
pts. SuBRT.First area: the change of social activity recorded as "very
or very much" was 33% vs 22% in the emotional state we found 42%
vs 29 % (CBRT vs SuBRT).Second area: intimacy of couple, 71% vs
49% said they had undergone change; with repercussions on her
relationship 49% vs 32 %, the women that reported decreased sexual
desire 81% vs 48 % (CBRT vs SuBRT).Third area: impact on
sexuality, VBRT changed your sex life? 46% vs 21% "very or very
much’’. With sexual intercourse painful for 73% vs 48 % of the
interviewees and to the question "Are sexual relations satisfactory?"
91% vs 60 % of respondents answered ‘‘NO’’ (CBRT vs SuBRT).
Fourth area: "Have you been informed that VBRT could have an
impact on sexuality?" 58% vs 80% of the patients answered "YES"
while at the question "Did they advise you to have sex with your
partner?" 71% vs 81% of the women received these indications.
Unexpectedly, 13% vs 1 % of patients explicitly requested
psychological support (CBRT vs SuBRT).
Conclusions: Although cylinders with larger diameter are used, the
problem of post VBRT toxicity management remains. Introduction of
supportive therapy during treatment and best patient doctor relationship
reduced the impact on quality of life of these patients. Regardless of
grading and lymph node depletion, VBRT is effective in preventing
disease recurrence. The choice of a best supportive therapy is ongoing
with promising Results.
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Purpose: Brachytherapy is an effective treatment for many keratinocyte
carcinomas. However, the response to treatment is typically a clinical
assessment and may be challenging to perform. The microscopic effect of
ionizing radiation therapy on carcinoma as well as normal skin has never
been well characterized. Reflectance confocal microscopy (RCM) is a
novel in vivo skin imaging technique which may enable a better
understanding of the response to brachytherapy at the histologic level. As
part of an ongoing prospective clinical trial of electronic skin surface

brachytherapy (ESSB), we performed RCM before and at specified times
after treatment.
Materials and Methods: As part of an Institution Review Board-approved
prospective clinical trial of ESSB (NCT02131805), all subjects received
treatment for early-stage, low-risk cutaneous squamous or basal cell
carcinoma with a dose of 42 Gy in 6 fractions of 7 Gy over 2-3 weeks,
prescribed to 3 mm below the skin surface. All subjects underwent RCM
by a dedicated skin imaging expert before treatment, 6, 12 and 52 weeks
after treatment. Carcinoma and normal skin imaging features were blindly
reviewed by 3 imaging experts to achieve consensus interpretation of 3
features in the superficial epidermis, and 18 features in the superficial
dermis. Descriptive statistics and Chi-square analyses were performed.
Results: Among 12 participants, 48 RCM images were acquired and
analyzed. Prior to treatment, 11 of 12 cases demonstrated characteristic
features of carcinoma on RCM. In all but one patient at one time-point,
RCM after treatment demonstrated no evidence of carcinoma. Prior to
treatment, the most commonly observed RCM features were tumor
nodules, clefting, horizontal vessels and inflammatory cells (75% of
cases). Six weeks after treatment, the most commonly observed feature
was the presence of epidermal dendritic cells (82% of cases). Twelve
weeks after treatment, inflammatory cells, fibrosis and reticular collagen
formation were the most often observed features (83% of cases). One
year after treatment, fibrosis and amorphous collagen were observed in all
cases. Of the 21 RCM features analyzed, 15 features demonstrated a
statistically significant temporal pattern of change over time (p!0.05).
Conclusions: For the first time, we demonstrate that RCM can reliably identify
carcinoma in vivo, prior to treatment, as well as demonstrate histologic response
in a non-invasive fashion.Moreover, for the first time, we characterize the in vivo
histologic response of normal skin to high dose ionizing radiation delivered by
brachytherapy. This demonstrated that antigen presenting cells become
abundant in the skin #6 weeks after brachytherapy. Moreover, a clinical effect
of skin brachytherapy that is typically considered a ‘‘late event’’ (fibrosis) can
be identified as early as 12 weeks after treatment using RCM. Further studies
integrating non-invasive in vivo skin imaging techniques are warranted.

Figure. Basal cell carcinoma of left forehead. A. Baseline clinical photo-

graph showing a 5 mm pink papule. B. Baseline RCM image showing tu-

mor nodules and cords with palisading and clefting (red arrows) (750 x 750

mm). C. Six-week follow-up. D. RCM image showing bright nucleated

dendritic cells in the epidermis (yellow arrows) and a ‘faint tumor’ (red

dashed lines). E. Three-month follow-up. F. RCM image showing an atyp-

ical honeycomb pattern, typically seen in the ‘radiation-associated

epidermal atypia’. G. Twelve-month follow-up. H. RCM image showing

fibrosis with an amorphous collagen (white arrow) and trapped epidermis

(red dashed arrows) mimicking tumor nodules.
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Introduction: The most frequent cause of high dose rate (HDR)
brachytherapy medical events is incorrect measurement and/or entering of
catheter length in the treatment planning system. Another common cause
of medical events is the incorrect connection of catheters, transfer tubes
and afterloader channels at the treatment. These errors displace the HDR
source from its planned position up to a distance of 30 cm away from the
treatment target [1], Resulting in dosimetric errors that under-dose, or
completely miss, the treatment target and increase dose to healthy tissue.
For the treatment of complex superficial skin lesions, the probability of
these errors is increased due to the complex shape of the surface
applicator and numerous catheters required for these treatments. Current
quality assurance methods aim to prevent these errors from occurring
prior to treatment by relying on manual checks and verbal verification
between physicians, therapists and physicists. Despite these efforts, there
remain a lack of methods to verify the HDR source position during
treatment to ensure that radiation is being delivered correctly and prevent
misadministration. Here, we developed a method for visual real-time
tracking of the source to overcome the inadequacies of the present QA
processes.
Methods: Scintillation markers were designed from a scintillator (LYSO
crystal) embedded in a polymer compound. These scintillation markers
could be custom shaped, and as a Proof of concept, 5 mm scintillation
dots and a scintillation paint were developed. To verify catheter-transfer
tube connections, the scintillation dots were placed on the surface of each
channel of a Freiburg Flap and irradiated with an Iridium-192 source. The
illumination of the scintillation dots was monitored through standard
treatment room cameras. The catheter length was verified by lining the
scintillation dots around the periphery of a treatment target on the
Freiburg Flap. Scintillation paint was created and applied across the
surface of the Freiburg Flap and the HDR source was visually tracked by
following the illumination from the scintillation paint. Visual real-time
tracking of the source was further demonstrated using a complex surface
applicator designed for treatment of the face.
Results: Scintillation markers generated blue visible light when the
Iridium-192 source was in the corresponding catheter of the flap and
within close proximity of the marker. Cross-talk from adjacent catheters

was ! 50% of the maximum light intensity. Scintillation markers only
illuminated when the source was underneath it.
Conclusions: Scintillation markers enable the direction visualization of the
HDR source during treatment, allowing for verification of catheter length
and catheter-transfer tube connections during treatment. This quality
assurance method facilitates real-time verification of the source position,
prevention of misadministration, and easy integration into clinical
workflows. Future work will aim to automate detection of the scintillation
markers during treatment.
Reference: [1] Gao et al. Brachytherapy. 2013. DOI: https://doi.org/10.
1016/j.brachy.2013.01.122.
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APBI of Concomitant Bi-Lateral Breasts -

Results and Side Effects

Muhammad A. Shah, MS, Raul T. Meoz, MD,

Michael J. Anderson, MD, Ali S. Meigooni, Ph.D, Craig A. Koontz, MS.

Radiation Oncology, Comprehensive Cancer Centers of Nevada, Las

Vegas, NV, Henderson, NV, USA.

Purpose: Accelerated Partial Breast Irradiation or APBI is one of the
techniques that is being used in the early stage breast cancers. This
treatment technique includes external beam therapy or SAVI / balloon
Applicators brachytherapy. In the later technique, applicators like SAVI
or Balloons (CONTURA or Best Balloon) are used after lumpectomy to
treat the patient. In some cases, a patient may have Bi-Lateral Breast
cancer. At our center, we have treated two patients with SAVI devices in
both the breasts. In one case, there was a regular SAVI 6-1 device in the
right breast and a Mini SAVI 6-1 device in the left breast. Whereas in the
other case, SAVI 8-1 device were required in both the breasts. Purpose of
the study is to review the planning techniques, and Results of the APBI
treatments in Bi-Lateral breast cases.
Materials and Method: Two patients were treated for APBI Bi-Lateral
breasts at Comprehensive Cancer Centers of Nevada in Las Vegas. For
these treatments, SAVI devices were used. The planning was performed
with Oncentra Brachy software. Treatments were delivered using Elekta
HDR treatment unit ‘‘microSelectron’’. The SAVI devices were placed by
the breast surgeons and then patients were referred to the radiation

Figure 1. Scintillation paint was applied to the surface of the Freiburg Flap,

across three channels. When the source is not present, the scintillation paint

does not illuminate (left). When the source is present in channel 1 directly

under the scintillation paint, the paint illuminates with minimal cross-talk

shown from the scintillation paint on the adjacent channel (right).
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department. Based on the CT scan, treatment planning was completed for
each case. For treatment planning, right and left breast planning was done
separately because of the optimization restrictions of the treatment
planning system. Total dose delivered to one side was 3400 cGy in 10
fractions treated twice a day. The treatment was delivered at least 6 hours
apart. The dose for PTV_EVAL (treatment volume) for both the breasts
were 95 % of the dose to 95 % of the volume (The isodose lines in the
figure shows the coverage, Red line represents 100 % isodose line). Skin
doses were kept below the prescription dose (100 %) and Ribs doses were
kept below 125 %. No more than 10 cc received 200 % of the dose and
no more than 30 cc received 150 % of the dose. For comparison,
information of the treatment for both breasts was transferred to one set of
CT images and this data was analyzed. Figure 1 shows a DRR of the
patient with two SAVI applicators, Figure 2 shows 3D rendered image
from the TPS. Figure 3 shows the isodose lines from both the applicators
and Figure 4 is a 3D generation of the applicators with Lungs, Heart,
Cord and skin shown. Whereas Figures 5 and 6 represent DVH’s for Left
and Right Breasts of one of the patients respectively.
Results: Patients were treated in February 2017 and September 2017. The
two patients are doing excellent. In the follow-up appointments (of 18
months and 12 months respectively), there were no side effects and no
redness of the skin.
Conclusion: Wewere able to successfully treat two patients with Bi-lateral
breast tumors using the SAVI brachytherapy at our centers. With APBI, it
was found that patients had no acute reactions and treatment was
completed within 5 days (treatment twice a day). Overall, both patients
tolerated the treatment quite well with no significant acute toxicities.
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Purpose: Accelerated Partial Breast Irradiation or APBI is one of the
techniques that is being used in the early stage breast cancers. This
treatment technique includes external beam therapy or SAVI / balloon
Applicators brachytherapy. In the later technique, applicators like SAVI
or Balloons (CONTURA or Best Balloon) are used after lumpectomy to
treat the patient. Sometimes, after the applicator is placed in the patient,
there is some air in the area of treatment. The Purpose of this study is to
check the changes in the percent of air with respect to treatment volume
(PTV_Eval).
Materials and Methods: A CT scan of the patient is performed after the
placement of applicator for treatment planning Purposes. The images
from this scan are used to plan the treatment of the patient. For treatment
planning, Oncentra Brachy software was used. Once the images from the
CT scanner were imported to the treatment planning computer, first the
applicator was drawn on the CT images. This applicator was then
expanded by one cm to create treatment planning volume PTV_Eval.
PTV_Eval is a one cm area around the applicator in the shape of a
doughnut that excludes the applicator, chest wall and lungs and skin (skin
is kept a distance of 5 mm). Once the volume of PTV_Eval is measured,
Any air that is present inside PTV_Eval is also marked and measured.
RTOG recommends that this air volume has to be no more than 10 % of
PTV_Eval in order for the treatment to be delivered. At our center,
treatment planning is performed on Friday and treatment is delivered
Monday through Friday (5 days, twice a day). In order to make sure that
the applicator is in the same place and has not collapsed, a verification
CT scan is performed on Monday (before fraction 1), Wednesday (before
fraction 5) and Friday (before fraction 9). Also, two or three lines are
marked with the help of a marker on the patient’s skin (next to random
catheters). These marks are checked before every treatment to make sure
that the applicator has not rotated, as the rotation of applicator can affect
the dose distribution. In this study, the air percentage with respect to

PTV_Eval was measured in those cases where it was more than 5% on
treatment planning day. Measurements were performed on all the CT
scans that were performed for verification purposes. Air was marked
using the ‘‘dental’’ image density option in the Oncentra Brachy software.
Results: Table I shows that the air percentage reduced to almost half
between treatment planning day and first fraction. After first fraction, the
air percent does not vary a lot and the differences are small. Some of the
variations may also be because of the day to day differences in the
marking of the air and PTV_Eval volumes. The CT scan for treatment
planning is performed a day after the placement of applicator in the patient.
Conclusion: After the patient is scanned for treatment planning, patient
returns for treatment after two days and during these two days, changes in
the air volume are more visible. If the applicator is close to skin or ribs,
then these changes in the air volume can affect the dose distribution also
because as a Result of the reduction in air volume, PTV_Eval may
change or Applicator may get close to skin or ribs. Therefore it is
recommended that if there is big change in the air volume, the PTV_Eval
and applicator position should be carefully observed and if needed, a new
plan may be generated before the first fraction.
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Imaging Guided 125I Seed Implantation

in the Treatment of 17 Cases of Advanced

Breast Cancer

Weiming Kang, M.M., Yansong Liang, M.M., Hongtao Zhang, M.D., Juan

Wang, M.D.. Oncology Dep.1 of Hebei General Hospital, Shijiazhuang,

China.

Objective: To investigate the feasibility, efficacy and complications of
imaging-guided 125I seed implantation in the treatment of advanced
breast cancer.
Methods: A retrospective analysis was performed on 17 cases of advanced
breast cancer patients who received imaging-guided 125I seed implantation,
with a total of 20 lesions, 13 of which were less than 5 cm in diameter and 7
of which wereO5 cm in diameter.The computer treatment planning system
(TPS) was used to calculate the distribution source, and 125I particles were
implanted under the guidance of CTor ultrasound. The particle activity was
0.4-0.6mCi, and the plane interpolation was 0.5-1 cm apart.CT scan was
performed immediately after implantation to understand particle
distribution and complications. Postoperative verification showed that
D90 (the prescribed dose accepted by 90% target volume) was more than
120Gy in 15 cases and! 120Gy in 2 cases.CT was reexamined 2 months
after the operation, and imaging evaluation was conducted according to
WHO solid tumor evaluation criteria.Postoperative D90, V100 and V150
were verified and compared with preoperative Results to observe lesion
size and complications.
Results: All the 17 patients successfully completed the surgery, and the
efficacy evaluation 2 months after the surgery was as follows: 2 cases of
complete remission, 13 cases of partial remission, 1 case of no change, 1
case of progress, the effective rate was 88.2% (15/17), and the local
control rate was 94.1% (16/17) at 2 months.Preoperative pain symptoms
in 6 patients, 1-14 days after surgery were significantly relieved;Edema of
the upper extremity was significantly relieved in 5 cases 1-14 days after
surgery.No bleeding, pain, infection or other complications occurred in
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the whole group.There was no statistically significant difference between
preoperative and postoperative indexes of D90, V100 and V150 (P values
were 0.100, 0.628 and 0.971, respectively).
Conclusion: Imaging-guided radioactive 125I seed implantation for
advanced breast cancer was a safe and feasible method with good short-
term efficacy.
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Volumetric and Dosimetric Comparison

between Two Different Safety Margins for

CTV Delineation in Accelerated Partial

Breast Irradiation with Interstitial

Brachytherapy

Anuj Kumar, MD1, Tabassum Wadasadawala, MD, DNB1, Swati Kumari,

M.Sc, Dip R.P2, Ayush Naik, MD1, Reena Phurailatpam, M.Sc, Dip R.P2,

Kishore Joshi, M.Sc, Dip R.P2, Rima Pathak, MD1, Rajiv Sarin, MD, DNB,

FRCR1. 1Radiation Oncology, Tata Memorial Centre, HBNI, Mumbai,

India; 2Medical Physics, Tata Memorial Centre, HBNI, Mumbai, India.

Purpose: Use of APBI following BCS for Early Breast Cancer (EBC) is
well established. Appropriate delineation of CTV is important for
adequate coverage of the target volumes. Conventionally, the CTV was
generated by isotropically expanding the tumour bed volume (TBV) as
delineated by surgical cavity and clips, by 1-2 cm all around and limiting
it to the muscles and 5mm under the skin. In 2015, the GEC-ESTRO
recommended to expand the TBV anisotropically to achieve a total safety
margin of 2 cm (resection margin size þ added safety margin). The
relationship between the conventional isotropically expanded CTV
(CTV_Iso) with anisotropically expanded CTV (CTV_GEC) in terms of
volume and dosimetric indices on same set of patients is not well
established. Aim of the study is to compare volumetric and dosimetric
parameters between two different safety margins for delineation of CTV
for APBI using interstitial brachytherapy.
Materials and Methods: 30 patients of EBC who were treated with APBI
in our institute from May 2015 to Oct 2017 were selected for this
retrospective study. All patients underwent CT simulation and treatment
after an isotropic safety margin of 1 cm around the tumor cavity (limited
to Pectoralis muscle and 5 mm below the skin and named CTV_Iso) as
per institutional practice. The mean number of planes was 4 and mean
number of catheters 20. The prescribed dose to CTV was 32Gy/8#
delivered twice a day 6 hours apart. On the same set of CT scans and
TBV, resection margin guided anisotropic safety margins were generated
as per GEC-ESTRO 2015 guidelines and named CTV_GEC. An
additional graphically optimized plan on CTV_GEC was generated. The
plan evaluation was done as per ABS guidelines. Volumetric and
dosimetric parameters were recorded and compared between CTV_Iso
treated plan and CTV_GEC plan generated for comparison. Paired t-test
was used to test significance.
Results: Of the 30 patients who received APBI on CTV_Iso, the dosimetric
indices were good as per the ABS guidelines with CTV_Iso coverage$0.8
in 27 cases, DHI $ 0.7 in 29 cases, DHI $0.75 in 15 cases and a COIN of
$0.6 in 25 cases. The median volumes of CTV_Iso and CTV_GEC were
101.18 cc (range 45.3-224) and 93.46 cc (range 38.79-193.14)
respectively (p 0.64). The CTV was overestimated in 18 patients and
underestimated in 12 patients when isotropic margins were used. There
was no significant difference with respect to mean Tumour Bed Coverage
Index, [Mean 0.92 in CTV_Iso and 0.92 in CTV_GEC (p 0.3)], CTV
Coverage Index [0.84 in CTV_Iso and 0.83 in CTV_GEC (p 0.38)], Dose
Homogeneity Index [0.75 in CTV_Iso and 0.74 in CTV_GEC (p
0.13)].However, the Conformity Index ( COIN) of 0.65 was significantly
higher for CTV_Iso as compared to 0.58 in CTV_GEC (p 0.001). Impact
of the method of safety margin generation on COIN was more
pronounced when tumour bed volume was ! 30 cc [0.65 vs 0.55 (p
0.0002)] and when CTV_Iso was!100 cc [0.665 to 0.56 (p50.002)]. For
TBVO30cc and CTV_IsoO100cc, no significant effect of the method of
safety margin generation was seen on COIN.
Conclusions: Graphically optimized plans on CTVexpanded isotropically
by 1cm around the tumour bed volume Results in target coverage and dose
homogeneity indices comparable to such plans generated on anisotropically

expanded resectionmargin directed CTV_GEC.However in smaller volume
implants (tumour bed volumes!30cc or CTV_Iso!100 cc), the conformity
index is lower on plans generated on margin directed CTV_GEC. There is a
need to undertake comparative studies in a larger cohort and with clinical
outcome data.
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Interstitial Brachytherapy for Accelerated

Partial Breast Irrdiation or Boost

Therapy in Early Breast Cancer

Manika Batra, MD1, Daya Nand Sharma, MD, DNB1, S.V.S. Deo, MS2.
1Radiation Oncology, All India Institute of Medical Sciences, New Delhi,

New Delhi, India; 2Surgical Oncology, All India Institute of Medical

Sciences, New Delhi, New Delhi, India.

Purpose: To evaluate the clinical outcome of early breast cancer (EBC)
patients treated with high-dose-rate interstitial brachytherapy (HDR-IBT)
based accelerated partial breast irradiation (APBI) or boost therapy plus
whole breast radiation therapy (WBRT).
Materials and Methods: From 2007 to 2017, 125 patients with EBC were
treated post lumpectomy with either HDR-IBT alone (suitable for APBI) or
HDR-IBT boost therapy in combination with WBRT (not suitable for
APBI). Brachytherapy implant catheters were inserted either during
lumpectomy procedure or postoperatively using the free hand technique.
CT Scan based brachytherapy planning was done and a dose of 35 Gy/10
fractions/ 5 days and 14-15 Gy/ 4-6 fractions/ 2-3 days was prescribed for
APBI and boost respectively. Dose of WBRT was 50Gy/25 fractions/ 5
weeks. Patients were kept on regular follow up for assessing local control
and cosmesis.
Results: Thirty six patients were treated with APBI and 89 with boost plus
WBRT. Median age of the patients in APBI group and boost group was 51
years and 46 years respectively. A median total of 9 catheters for boost
therapy and 11 catheters for APBI were implanted using a median of 2
and 3 planes respectively. For all patients, dose homogeneity index (DHI)
ranged from 0.62-0.92 with a median of 0.84. Median follow-up of entire
cohort of patients was 54 months. Of 125 patients, 2 patients (1 in APBI
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group and 1 in boost group) had local recurrence. Local control rate in APBI
group and boost group was 97% and 99% respectively. Good-excellent
cosmesis was observed in 87% patients.
Conclusion: Our study shows that free hand HDR-IBT provides excellent
local control and cosmesis when used for APBI or boost therapy in EBC
patients.
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Programmatic Improvements to the

Workflow Associated with the Accuboost

Breast Brachytherapy Procedure

Sean Roles, BSc, Jaroslaw Hepel, MD, Kara Leonard, MD, David Wazer,

MD, Gene Cardarelli, PhD, Michelle Schwer, MSc, Eric Klein, PhD, Toni

Roth, MSc, Jim Brindle, PhD, Mark Rivard, PhD. The Warren Alpert

Medical School of Brown University, Providence, RI, USA.

Purpose: While the non-invasive breast brachytherapy (NIBB) treatment
procedure, also known as AccuBoost, for breast cancer patients is well
established, the overall treatment quality relates to the efficiency of the
workflow delivery. Using a formalized approach for evaluating the current
workflow procedure and developing new processes, the failure mode and
effects and criticality analysis method gathered data on the current
technique and generated insight for developing new methods of
procedural workflow.
Materials and Methods: AccuBoost treatments were observed for several
months while gathering details on the multidisciplinary workflow of
radiation therapists, medical physicists, radiation oncologists, and patients.
From these observations, the procedural workflow was documented for
sparking discussion and generating consistency. A list of possible failure
modes for each procedure step was generated and organized by timing
within the treatment process. A team of medical professionals scored each
failure mode for occurrence frequency (O), failure-mode severity (S), and
the inability to detect (D) the failure mode. Following analysis, the average
score (blue) and standard deviation (green) for every failure mode of each
metric is included in the accompanying figure. This analysis highlighted
procedural steps that unnecessarily increased treatment time as well as
introduced quality deficiencies involving applicator setup, treatment
planning, and quality checks preceding brachytherapy delivery. Procedural
improvements and their impact on the clinical workflow are discussed.
Results: The revised clinical workflow included the following key
procedural enhancements.
Pre-patient arrival: Improvement of prearrival preparation completeness,
especially advance in dose calculation documentation that will require
patient-specific setup data.
Patient arrival pre-treatment: The notification time given to the participating
team for coordinating efforts and minimizing wait times is increased, the
radiation oncologist should have a protocol to identify clips surrounding
the tumor bed (if present), and the medical physicist should be present
when the applicators are selected. While the physicists are performing the
dwell time calculations and plan check, the therapist should concurrently
perform several quality checks with the ensuing hardware configuration.
These include validating applicator positions for contact with the
mammography paddles, patency of the catheters, connectivity of the
applicator catheters to the HDR source transfer tubes with the check
source, and orientation of the monitoring cameras on the patient and
mammographic compression paddle separation display. In this way,
system functionality and alignment of the applicators relative to the
patient geometry is confirmed and maintained.
Treatment: An electronic method to export the associated HDR
brachytherapy paperwork to the electronic medical record system with
electronic signatures and captured approvals was generated.
Post-treatment: During the post-treatment radiation survey, the therapist
can confirm that the applicators were appropriately positioned and the
treatment was delivered as expected. After which, s/he will release the
mammography paddle pressure. A paperless process was developed to
record, in realtime, the radiation safety audits for each patient and
treatment fraction.
Conclusions: A formalized approach was performed for evaluating the
current workflow and developing new processes. The current procedural

workflow was documented and 51 potential failure modes were identified.
A new workflow was crafted and similarly evaluated. The procedural
improvements reduced the overall treatment time, improved the
likelihood for enhanced quality, diminished risk to the patient and
improved the treatment experience.
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Post-Mastectomy Scar Boost by

Plesiotherapy

Linda Ann Smith, MD1, Robert R. Kuske, MD2,

Erika Nelums, Physicist2. 1Comprehensive Breast Care, Albuquerque, NM,
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Introduction: Most recurrences after mastectomy in high-risk breast
cancers are located within 4 cm of the surgical scar, providing the
rationale for boosting this volume to a higher total dose of irradiation.
There are no studies investigating the value (or not) of scar boosts after
mastectomy, as there are with post lumpectomy boost. Therefore,
radiation oncologists can choose to deliver a boost or stop after the 5
weeks of external beam chest wall and nodal irradiation (CWRT). For
practitioners who prescribe a boost, women with breast reconstructions
pose complex dosimetric problems because of the irregular surface
contours, making a flat electron beam boost (EB) less than satisfactory.
Therefore, we have treated reconstructed breasts by Freiberg Flap (FF),
which provides improved dosimetry conforming to the skin curvature.
Since implant loss after radiation is a significant complication, toxicity is
a key endpoint and is reported here.
Materials and Methods: FF is a custom drape of catheters imbedded into a
plastic mold that fits precisely over a curved surface for superficial topical
noninvasive brachytherapy. The dose is calculated at 3 mm depth. Forty
patients with tissue expanders or permanent implants were treated after
mastectomy between 3/2014 and 6/2016. Thirty women had CWRT
followed by FF 10 Gy in 5 fractions, and 10 (without nodal involvement but
with a positive margin) received FF alone 34 Gy in 10 twice daily fractions.
Results: Five of 40 women (12.5% crude rate) had implant loss, 4 of 30
patients after CWRT, and 1 of 10 with FF alone. With FF alone, 1 patient
experienced significant telangiectasia and 4 had grade 2-3 toxicity. The
rate of grade 2-3 toxicity in FF þ XRT patients was 37% due to fibrosis
causing implant shift and telangiectasia.
Conclusions: This is a very high-risk population, both for tumor recurrence
and complications. While the complication rate is high, the tissues and
suture lines are under strong tension after implant reconstructions. No
local recurrences but 3 deaths from disease have occurred. Avoiding RT is
not an acceptable option in this population. No comparison exists in the
literature between FF, EB, and no boost, but the dosimetric advantages of
FF are notable.
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Volume Consideration and Dose

Distribution in Patients with Breast

Prosthesis Treated with Accelerated

Partial Breast Irradiation

Muhammad A. Shah, MS, Michael J. Anderson, MD, Ali S. Meigooni,

Ph.D, Raul T. Meoz, MD, Craig A. Koontz, MS. Radiation Oncology,
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Purpose: Accelerated partial breast Irradiation (APBI) is one of the
treatment modalities available for irradiating breast cancer patients. In
these patients, irradiation could be delivered through HDR
brachytherapy applicators/balloons such as Strut adjusted volume
implant (SAVI), Contura balloons and Best Balloons. The applicator is
surgically implanted in the patients after lumpactomy. Normally, in
these patients the planning target volume (PTV) is defined as 1 cm
expansion around the applicator. This volume excludes skin surface and
ribs. Some of the patients have prosthesis in the breast and therefore the
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treatment volume is different than the patients without Prosthesis.
Therefore, we are assessing the treatment technique with prosthesis
included or excluded from the planning volume (PTV_Eval). Moreover,
the impact of this selection on dose distribution of other organs such as
skin and ribs have been evaluated.
Material and Methods: All the patients evaluated in this study received
treatment with 6-1 mini, 6-1 or 8-1 SAVI devices, since 2012. The
Oncentra treatment planning system (version 4.5.1) was used for the
volume measurements and calculation of dose distributions. The
Elekta High dose rate (HDR) unit was used for the delivery of
radiation doses. A CT scan was performed on each patient, before the
treatment, for treatment planning Purpose. To obtain the treatment
volume (PTV_Eval), an extended volume outside of the applicator (1
cm from the surface of the applicator) was created. Care was taken to
keep the expanded volume 0.5 cm away from the skin and not to
intrude the ribs and lungs. Finally, prosthesis was marked as a separate
volume of interest and it was subtracted from PTV_Eval (PTV-
prosthesis implant). Initial planning was performed for PTV_Eval with
the goal of achieving targets as per NSABP B-39 RTOG 0413
recommendations. As mentioned earlier, when the 1 cm margin is
created around the applicator, it becomes PTV_Eval and initially this
margin is created without taking prosthesis into account. Thus, parts of
the prosthesis that are with in 1 cm of the applicator would become
part of the PTV_Eval. To check the actual dose distribution in tissue,
prosthesis was subtracted from PTV-Eval and a new volume was
created (PTV-implant) that was the tissue around the applicator. The
SAVI implants were at different locations in the breast. Superior,
inferior and in one case the treatment was right on top of the
prosthesis, in this patient 6-1 mini SAVI was used and the maximum
reduction of volume was observed in this patient.
Results: Table I shows the contribution of the prosthesis to the planning
volume (that is PTV_Eval was re-adjusted by subtracting the prosthesis
that was with in 1 cm of the applicator). In patients with 6-1 SAVI 25 %
reduction and 6-1 mini SAVI 27 % reduction was observed. In 8-1 SAVI
treatments the reductions were 18 % and 10 %. These reductions are
highly dependent on the size of the breast and also the spacing between
the applicator and prosthesis. Table II shows the coverage of volume by
90 % and 95 % dose for different patients. In three cases the coverage
dropped by 1% and only in one case the coverage dropped by about 3%
for 95% prescription dose (6-1 mini, Table II). Table III shows the 150%
and 200 % doses improved or remained unchanged as the volume
decreased in all the cases (Table III). In the clinical follow-ups, all the
patients are doing well. There is no recurrence so far and no other side
effects.
Conclusions: As the Results of these investigations indicate, the dose
coverage can drop from one to three percent in the PTV_Eval
consideration of ‘‘with and without’’ the prosthesis. Therefore, patients
with prosthesis can be treated safely using APBI technique. It should be
noted that, this study is limited in the number of patients and it is
recommended to check the reduction in volume by subtracting the
prosthesis and check the dose coverage to the reduced volume, as there
can be a difference of upto 25% in the PTV_Eval.
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Purpose: This retrospective study sought to evaluate the feasibility and
clinical value of computed tomography (CT)-guided iodine 125 (125I)
brachytherapy for pain palliation in patients with breast cancer and bone
metastases.
Methods: FromJanuary 2014 to July 2016, 86 patientswithmoderate to severe
pain caused by bone metastases from breast cancer who had undergone either
CT-guided 125I brachytherapy (n542) or symptomatic and supportive
treatments (n544) were enrolled. During the study, the Brief Pain Inventory-
Short Form (BPI-SF) was used to record and compare pain intensity and
interference by pain between groups. Logistic regression analysis was used to
determine the predictive effect of clinical variables on pain palliation. The
severity of treatment-related complications was also evaluated.
Result: In the brachytherapy group, the primary success rate of 125I seed
implantation was 93.3% (39 of 42 patients). Regarding pain evolution, the
brachytherapy group achieved better pain palliation of ‘‘worst pain’’,
‘‘medium pain’’ and ‘‘pain now’’ than the symptomatic and supportive
treatments group. Regarding interference by pain, brachytherapy also
provided better improvement than symptomatic and supportive treatments
group. Logistics regression analysis identified 125I brachytherapy as a
positive predictor of pain palliation.
Conclusion: CT-guided 125I brachytherapy is a feasible and effective
treatment for palliation of pain caused by bonemetastases from breast cancer.
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Irradiation (APBI) HDR Brachytherapy

Dayee Jacob, M.S., Kara Lambson, M.S., Kywanna Dyton, R.T.T. MBA,

Firas Mourtada, Ph.D. Radiation Oncology, Christianacare Health

System, Newark, DE, USA.

Purpose: APBI HDR using the SAVI applicator has the potential of linear
and/or rotational displacement from the day of planning to the day of first
HDR fraction. The Purpose of this study was to retrospectively analyze
the dosimetric consequences of such movement on a cohort of patients
that have shifts larger than the acceptable tolerance based on standard
daily CT scout scan QA
Materials and Methods: At our institution, CT simulation and HDR
planning for a SAVI case is performed on a Thursday or Friday to begin
treatment on the following Monday. Although patients are instructed to
restrict movement and activity in order to keep the treatment area stress
free and to prevent shifting the device, a few patients do not comply. If
excessive linear shift or strut rotation over 2mm is detected on the pre-
treatment CT scout scan relative to the planning CT baseline, a limited
Field of View CT scan is acquired and a new treatment plan is generated.
Out of the 229 APBI patients treated during the last three years (2016-
2018), 21 (9% rate) required a re-plan. Six patients who underwent a
repeat CT scan and subsequent re-plan are analyzed in this study. CT
images from the initial scan and re-planned scans with the revised
structures were exported to RayStation V2.6 treatment planning system.
The two sets of images were fused using rigid image registration to view
the shift in applicator/strut position. The revised structure set from re-
planning CT was then copied over to the initial simulation CT data and
sent to Oncentra TPS V4.5.3. The original plan (same dwell positions and
relative weights) was recalculated on the revised shifted structures. This
exercise enabled us to quantify the difference in target and organs at risk
(OAR) coverage had we not replanned the cases due to applicator
displacement.
Results: The PTV Eval (Target) coverage indicators namelyV100 , V95,V90
Resulted in a mean percent decrease in coverage of 21%, 20% and 18%,
respectively, if the patients were hypothetically treated with the original
plan. The changes in V200 and OAR coverage were not significant.
However, we noticed that in three out of the six patients, the SAVI

applicator shifted close to either the skin or the chest wall and produced
undesirable hot spots.
Conclusion: Our study demonstrates the potential underdosing of the target
volume due to the SAVI applicator displacement and position change from
day of planning to first day of treatment. This study also proves the need to
be very mindful of applicator position changes during the course of the
treatment and to correct for dosimetric changes with adaptive re-planning.
Standard daily imaging QA is essential to detect and reduce such deviations.
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Purpose: To compare radiation lung dose in patients with early-stage breast
cancer treated with lumpectomy and intraoperative radiation therapy with
CT-guided HDR brachytherapy (Precision Breast IORT; PB-IORT) and
those treated with whole breast irradiation (WBI-DIBH) or partial breast
irradiation (PB-DIBH) with deep inspiratory breath hold.
Materials and Methods: We retrospectively identified 52 consecutive
patients with left sided breast cancers treated with PB-IORT (n517) on a
phase I clinical trial, adjuvant PB-DIBH (n518), or WBI-DIBH (n517).
Right sided breast cancer patients were excluded due to limited field of
view used on the PB-IORT planning CT. Conventional (2 Gy/fraction) or
moderate hypofractionation (2.66 Gy/fraction) was prescribed for the
external beam cohorts and 12.5 Gy in 1 fraction was prescribed to the
HDR brachytherapy cohort. T-testing was performed and biologically
effective doses (BED) were calculated using an a/b ratio of 3 Gy for
lung. For the PB-IORT cohort, volume of ipsilateral lung tissue receiving
5, 10, and 20 Gy (V5, V10, V20, respectively) was based on BED values
for a fractionation regimen of 50 Gy in 25 fractions.
Results: Compared to WBI-DIBH and PB-DIBH, PB-IORT Resulted in
lower V5, V10, V20, mean, and max ipsilateral lung dose (p! 0.05 for
each, see table).
Conclusions: Patients with early stage breast cancer treated with PB-IORT
on a phase 1 clinical trial received lower ipsilateral lung dose compared to
external beam techniques. This study will help clinicians counsel patients on
the expected lung dose associated with these treatment modalities.
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Intraoperative Radiotherapy for

Adjuvant Treatment of Early Stage Breast

Cancer - Review of an Institutional

Experience
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Purpose: Intraoperative radiotherapy (IORT) is an effective alternative to
whole breast radiation for adjuvant treatment of select patients with early
stage invasive ductal breast carcinoma. At least 15% of patients treated
with IORT, require additional external beam radiation (EBRT) following
complete pathologic staging. We conducted a retrospective review of our
institutional experience in the use of IORT in treating patients selected
based on the ASTRO accelerated partial breast irradiation (APBI)
guidelines. The study aimed to characterize the ratio of IORT treated
patients who required supplemental EBRT.
Materials and Methods: We retrospectively reviewed medical charts of
consecutive patients treated with breast conservative surgery (BCS) and
IORT at our institution. All patients were treated using 50 KV x-rays with
spherical applicators. A dose of 20Gy was prescribed at the surface of the
applicator. Ethics board approval was obtained for this study.
Results: From 2016 to 2019, a total of 55 early breast cancer patients were
deemed candidates for IORT. Median patient age was 61 years (range 45-
87). All patients had ER positive disease with no evidence of clinical
nodal metastases at presentation. IORT was aborted in 9 patients as a
Result of insufficient distance between skin and the IORT device, or
intraoperative findings of nodal metastases. Of the 46 patients who
underwent IORT, 34 (74%) required no additional treatment, and 12
(26%) received adjuvant EBRT. The indication for supplemental EBRT
was nodal involvement in 9 patients, margin involvement in 2 patients,
nodal and margin involvement in 1 patient.
Conclusion: IORT concurrent with lumpectomy within a risk adapted
approach is a good option for eligible patients using evidence-based
guidelines. Our Results demonstrate that approximately a quarter of early
stage invasive ductal breast carcinoma patients treated using this approach
required supplemental EBRT following final pathologic review. Nodal
involvement was the most common indication for adjuvant EBRT. Our
findings exceed the 15% EBRT conversion rate demonstrated by the
TARGIT-A trial. The variation in conversion rates likely reflects the
difference anticipated when IORT is applied outside a controlled study
setting. Our results highlight the importance of a multidisciplinary
approach in selecting candidates for IORT and emphasize the need for
prospective studies validating accepted criteria to guide community
practices in selecting ideal APBI candidates. Continued cohort assessment
for in-breast-tumor recurrence rate, overall survival and toxicity outcomes
will be prospectively assessed.
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Purpose: Early stage breast cancer patients have many options available for
safe, short course radiotherapy including both brachytherapy and external
beam techniques. Two outpatient techniques - single fraction permanent
breast seed implant (PBSI) brachytherapy and five fraction IMRT external
beam (EB-APBI) - are compared. Each technique has uncertainty
associated with delivery: daily set up variation for EB-APBI and seed
positioning implant uncertainties for PBSI. This study quantifies the
deformable dose accumulation in each technique to compare delivered
dose with respect to the planning goals of each technique; additionally,
dosimetric differences between the two techniques are assessed.
Materials and Methods: 9 patients treated at our centrewere included in this
study; 9 treated with PBSI and 10 with EB-APBI. PBSI patients were treated
with a prescription dose of 90Gy in a single day implant andEB-APBI patients

were treated with a prescription dose of 27 Gy in five consecutive daily
fractions. For EB-APBI, the treated target volume was defined as the
contoured seroma with a CTV and PTV expansion of 10 mm and 7 mm,
respectively; for PBSI, the treated target volume was contoured the seroma
with a margin expansion of 10 to 15 mm. For the EB-APBI cohort, the
delivered dose accumulation was determined by deforming daily treatment
cone-beam CT to the planning CT. For PBSI, the delivered dose
accumulation was determined using deformable image registration with
post-implant CTs at four time points (0, 15, 30, and 60 days) and a time-
weighted sum. To illustrate baseline differences in treated volume for EB-
APBI and PBSI, the volume of the 95% isodose and planned dose
conformity to the target was compared. As well, for each technique
separately, the change between planned and delivered dose metrics is
calculated as an indicator of the similarity between the intended delivery
and the actual delivery. Metrics for comparison include the change in
volume receiving greater than 95% of the prescription dose, dose conformity
(V95%/Vtarget), and hot spot (V150% for PBSI, D1cm

3 for EB-APBI).
Results: Patient characteristics, including seroma volume, planned V95%
(cm3), planned V50% (cm3) and conformity index are reported in Table 1
as the mean (� standard deviation) for the EB-APBI and PBSI cohorts.
The comparison metrics shown in Table 1 quantify the difference between
doses of the actual accumulated delivery and the intended delivery. The
high dose conformity of the two techniques is similar; however, the
difference in V50% highlights the sharp dose gradient inherent in
brachytherapy-based techniques, including PBSI. Although changes to
intended dosimetry were greater for PBSI than EB-APBI, with increases
in both delivered prescription dose volume and hot spot, the total volume
of irradiated tissue in PBSI is substantially smaller than EB-APBI. For
both techniques, changes to actual delivered dose maintained acceptable
quality with respect to planning goals.
Conclusions: The comparison of EP-APBI and PBSI are useful to inform
practitioners of the variability in partial breast treatment options for early
stage breast cancer patients. For both treatment techniques, intended target
coverage was maintained as assessed by post-delivery imaging. Changes
in delivered dosimetry are greater for PBSI, however, it maintains a
substantially smaller volume of irradiated tissue when compared to EB-
APBI. Treatment choices are important for early stage breast cancer
patients where resource-driven decisions for both patients and institutions
and personal patient preferences are increasing in importance.
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Purpose: To report on the technique of intra-operative electronic
brachytherapy in a non-randomized multi-center study using a single
fraction at the time of partial mastectomy and sentinel biopsy of axillary
lymph nodes and early Results, with side effects and complications.
Material and Methods: This Phase 4, single arm prospective non-
randomized trial enrolled 1196 patients from May 2012 till October 2018.
Thirty-one National and International institutions participated in the trial
for biopsy proven invasive ductal carcinoma and ductal carcinoma in situ
who met the inclusion criteria, underwent partial mastectomy and sentinel
node biopsy of axillary lymph nodes followed by a single fraction of 2000
cGy IORT to the lumpectomy cavity using Xoft system of electronic
brachytherapy. 51 patients received whole breast irradiation due to
additional risk factors and were removed from the primary analysis. Two
patients were lost to followup and five withdrawn from the study.
Results: 1174 patients received the prescribed dose of 20 Gy to the
lumpectomy cavity. 839/1174 (76%) had invasive ductal carcinoma, 224
(20%) carcinoma in situ, 50 (4%) other histology, and six patients had
unknown histology. 79% of the patients were Caucasian, 6.4% African
American, 7.5% Hispanic, and 7.5% other. 127 (14.8%) were staged as T1a
disease, 309 (36.5%) T1b and 424 (49.4%) T1c. Estrogen receptor was
positive in 77.3% of patients, 72.2% were progesterone positive, and all
were BRCA negative. 36% of DCIS were Grade 1, 46% were Grade 2, and
16% were Grade 3. Seroma occurred in 17.4%, induration in 12%, and
significant fibrosis in 8.6% of patients. 14/1174 (1.2%) patients developed
ipsilateral recurrence. 4/1174 developed new primary carcinoma in the
contralateral breast. None of the 51 patients who received whole breast
irradiation following IORT developed any breast recurrence.
Conclusions: Early Results of the single fraction of IORT using Xoft
Axxent eBx system in the treatment of early stage breast cancer is safe
with low morbidity, low local recurrence and excellent cosmetic results.
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Purpose: Randomized trials in selected early stage breast cancer patients
with up to 10 year follow-up have proven that Accelerated Partial Breast
Irradiation (APBI) given via High Dose Rate (HDR) implant bid in 5 days
is equivalent to whole breast External Radiation Therapy (XRT) given qd
in 5-6 weeks in regard to breast tumor local recurrence (LR) [1-2].
However, complications with APBI implant in a Medicare database review
have been significant, with 3.95% of women requiring Mastectomy, 16.2%
developing infections, and another 16.3% experiencing non-infection
complications including rib fractures, fat necrosis, and breast pain [3].
Recently APBI using non-invasive Intensity Modulated Radiation Therapy
(IMRT) or Stereotactic Body Radiation Therapy (SBRT) given qd in 5
fractions has been shown in another randomized trial with 5 year follow-up
to be equivalent to qd XRT in 6 weeks, with respect to LR [4]. IMRT/
SBRT was superior in regard to acute effects, late effects, and cosmesis. In
the randomized clinical trial of APBI IMRT/SBRT, the Clinical Target
Volume (CTV) was defined by the injection of individual fiducial markers
bordering the surgical cavity. At our institution, we have used the Biozorb
fiducial system to localize the CTV for SBRT. We sought to confirm the
APBI SBRT/IMRT Results with a simpler fiducial system.
Materials and Methods: Between 2017 and 2019, 53 patients have
undergone SBRT targeted to a Biozorb defined CTV with the walls of the
surgical cavity sewn to the Biozorb device. Eligible patients were older
than age 40, had tumor sizes ! 3 cm, negative surgical margins, and
negative sentinel node dissections. SBRT dose was 30 Gy given in 5
fractions. Dose Constraints were as follows : V-30 Gy! 105%, Ipsilateral
Breast V-15 Gy! 50%, Ipsilateral Lung V-10 Gy! 20%, Contralateral
Lung V-5 Gy ! 10%, Heart V-3 Gy ! 20%, Contralateral Breast

Dmax!2 Gy and Skin Dmax!27 Gy. The Planning Target Volume (PTV)
ranged from 27 to 355 cc with a median of 80 cc. PTV5 CTV þ 1-2 cm.
Results: Follow-up ranged from 1-14months with a median of 7 months. LR
has been 0% (0/53). There were no skin reactions. One patient developed pain
around the Biozorb site. This resolved within 2 days on a short course of
steroids. Cosmetic Results as rated by the Surgeon, Radiation Oncologist,
and Nurse, were rated excellent in 100% (53/53) of cases.
Conclusions: Non-invasive APBI with SBRT given qd over 5 days targeted
to Biozorb has Resulted in LR, complications, and cosmetic results which
compare favorably to invasive APBI given bid with HDR implant. At last
follow-up, there have been no LR, skin reactions, or complications.
Cosmesis has been excellent in 100% of patients.
References:
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Purpose: Salvage Mastectomy continues to be the predominant method of
management for in breast tumor recurrence (IBTR) after breast conserving
therapy. Additional breast conservative surgery alone leads to an
unacceptably high in-breast failure rate; therefore, additional radiation
with partial breast irradiation has been explored as a viable alternative
with successful outcomes. At our institution this has been further
explored, utilizing a multi-catheter brachytherapy approach with the
anticipation that this allows for a reduction in the volume of breast tissue
retreated and provides an accelerated treatment timeline as compared to
external beam treatment schemes. Toxicity of this approach is reported.
Methods: Fourteen patients that were found to have recurrences from
September 2016 to December 2018 were evaluated retrospectively. These
patients were all treated for their primary tumor through a conservative
treatment approach of breast conserving surgery with sentinel node biopsy
or axillary lymph node dissection, followed by whole breast irradiation
with or without regional nodal irradiation. Patients had a salvage
lumpectomy and sentinel lymph node biopsy and were offered irradiation
via HDR multi-catheter interstitial brachytherapy. Dosimetric criteria were
collected including volume treated, D90, D95, V100, V150, V200, and
dose homogeneity index. All patients were treated to 34Gy in 10 fractions
in a twice daily fashion. Toxicity was reported by the physician and recorded.
Results: Fourteen patients presented with an IBTR after breast conserving
surgery and whole breast irradiation and continued to desire breast
conservation. All were treated with repeat lumpectomy followed by multi-
catheter based partial breast irradiation. The average interval between initial
treatment and in-breast recurrence was 10.4 years (0.5-21.8yrs). Twelve
patients (86%) had invasive disease and 2 patients had DCIS (14%). The
clinical target volume with a 1 to 1.5 cm margin to the cavity mean
was 109.5 cc (50.3-209.8 cc). The D95 and D90 mean were 97.4%
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(90.4-105.6%) and 103.2% (98-110.3%) respectively. The average of the V100
was 92.9% (82.7-95%), V150mean 23.8cc (8.3-42.2cc), and V200 mean 8.1cc
(3.1-14.8cc). The dose homogeneity index averagewas 0.82 (0.76-0.83) and the
conformity was 1.3 (1.0-1.7). The median follow up of patients was 19 months
(1-33 months). The rate of toxicity of grade 1-2 fibrosis was 43% (6 patients),
grade 3 fibrosis 7% (1 patient), grade 1-2 hyperpigmentation 36% (5 patients).
Two patients had non healing wounds which required surgical intervention.
Mastectomy rate was 14% (2 patients) one for a recurrence and one for non-
healing wound. Breast cosmesis was acceptable/fair in 5 patients (36%),
good/excellent in 7 patients (50%), and poor in 2 patients (14%).
Conclusion: Partial breast irradiation following repeat-lumpectomy for
IBTR with multi-catheter partial breast brachytherapy is tolerated well
with an acceptable level of expected side effects consisting of fibrosis and
hyperpigmentation. The rate of mastectomy was 14% after re-irradiation
and recurrence was 7%. Dosimetric parameters included dose
homogeneity 0.82, minimization of V150 (23.8cc) and V200 (8.1 cc), and
maximization of D95 (mean of 97.4%PD) by mathematical optimization
of plans. In this small group of patients, this approach appears to be a
viable treatment option and allows patients who are motivated to preserve
the breast and complete treatment in an accelerated fashion.
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Purpose: In selected patients, accelerated partial breast irradiation (APBI)
has been shown to be just as effective at decreasing local recurrence risk
with similar to improved cosmetic outcomes as compared to whole breast
irradiation. However, there is limited research on APBI in women who
have undergone cosmetic breast augmentation prior to diagnosis. Here we
discuss nine patients with breast implants who have received APBI and
their treatment parameters, dosimetric details, and cosmetic outcomes.
Materials and Methods: We completed a retrospective review of 9 patients
with history of cosmetic breast augmentation who underwent APBI at our
institution. Four of the 9 patients were treated prior to 2006 and had no
dosimetric data available. Five of the 9 patients were treated between 2013-
2018 and had all data available. All patients were treated with high-dose-rate
multicatheter interstitial brachytherapy to 30-24 Gy in 7-10 BID fractions.
Cosmetic outcomes were evaluated using the Harvard breast cosmesis scale.
Results: Dosimetric analysis found the average PTV volume of our modern
cohort to be 93.4 cm3 (range 18.25-162.15 cm3), with an average of 90%
(range 80.6%-95.8%) of the PTV volume receiving 100% of the prescribed
dose. The average volume of the cosmetic breast implants was 295.3 cm3

(range 126-501 cm3) with an average of 31.7 cm3or 12.74% of the implant
receiving 100% of the prescribed dose. The maximum cosmetic implant
dose was 126.4 Gy. Follow-up ranged from 1-175 months (mean of 54
months, median of 38 months), with no evidence of disease recurrence. All
nine patients have good or excellent cosmetic outcome, two of the nine had
minor capsular contraction not requiring additional surgical intervention.
Conclusions: In our series, APBI in patients with prior cosmetic breast
augmentation is safe and effective. All the women in our cohort had good
or excellent cosmetic outcomes. APBI is an option for suitable patients,
with or without breast implants.
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Purpose: Although mastectomy has been standard of care for breast cancer
after prior radiotherapy, patients are increasingly requesting additional
breast conservation. This report details our experience using accelerated
partial breast irradiation (APBI) as a component of salvage breast
conserving treatment.
Material and Methods: From 2001-2017, nineteen patients with prior
external beam radiotherapy to the breast were treated with lumpectomy
and APBI using high dose rate iridium-192 to a dose of 30-34 Gy in 7-10
fractions over 5 days. Seven patients were previously treated for Hodgkin
disease, seven for invasive or in situ breast cancer, two for non-Hodgkin
lymphoma, one for a Pancoast tumor, one for dysgerminoma of the ovary
(with radiation of mediastinal nodes), and one for a soft tissue sarcoma.
All had tumors # 3.0 cm, negative nodes, and all but one had negative
margins. For the 7 patients with recorded D95, the median D95 was
95.11%. The average dose heterogeneity index (DHI) recorded for 11
patients was 0.84. Single-entry catheter technique was used for two
patients, with V150 of 31.6 & 22 cm3.
Results: Themedian follow-up for evaluable patients was 47.6months. Two
patients were lost to follow-up immediately after treatment, due to out-of-
state residence. Of the 17 patients for whom follow-up data was available,
in-breast tumor recurrence occurred in one patient, and one patient died of
metastatic breast cancer. Acute side effects included infection requiring
antibiotic use in three patients. Late side effects included mild to moderate
fibrosis in 41%, mild hyperpigmentation in 17%, and telangiectasia in 5%
of patients. One patient with prior whole breast radiation had necrosis
requiring mastectomy 9.4 months following retreatment, with pathology
revealing a chronic breast abscess. Of the 11 patients with recorded
Harvard cosmetic outcomes, 8 were good/excellent and 3 were fair/poor.
Conclusions: Partial mastectomy and HDR brachytherapy for early-stage
breast cancer after prior external beam radiotherapy is feasible with
acceptable outcomes, and can be offered to women desiring breast
conservation.
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Purpose: Evidence supports the use of High Dose-Rate Brachytherapy
(HDR) as monotherapy for selected patients with low and intermediate
risk prostate cancer when given in schedules of 2 or more fractions. There
is limited and conflicting data on the efficacy of HDR monotherapy given
as a single fraction. Our Purpose is to report on PSA response and
disease-free survival in a randomized trial comparing a single and a 2-
fraction regimen.
Materials and Methods: Eligible patients had NCCN low or intermediate
risk disease, a prostate volume! 60 cc, International Prostate Symptom
Score (IPSS) of 18 or lower, no previous prostate surgery and no use of
androgen deprivation therapy. Following informed consent, patients were
randomized to receive either 19 Gy HDR as a single fraction (1F), or 27
Gy in 2 fractions one week apart (2F). Treatment was delivered using an
out-patient ultrasound-based technique with the patient under general
anaesthesia. Relative dosimetry was similar between arms with median
prostate V100, V150, V200 and D90 of 97%, 35%, 11.4% and 110%,
respectively. Follow-up with toxicity assessment, physical examination
and serum prostate specific-antigen (PSA) level occurred at week 6, week
12, every 3 months for the first year, every 6 months until year 5, and
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annually thereafter. Biochemical failure was defined as nadir þ 2 ng/ml.
Patients with biochemical failure were investigated with imaging and
prostate biopsy if indicated.
Results: A total of 170 patients were randomized between June 2013 and
April 2015: 87 to 1F and 83 to 2F arms. Median age was 65 years,
median PSA was 6.3 ng/ml and 72% had Gleason 7 cancer, with no
significant difference between arms. NCCN low, favourable intermediate
and unfavourable intermediate was present in 28%, 49% and 23%,
respectively. Median follow-up was 51 months (range 24-68 months).
Late grade 2 gastro-intestinal toxicity occurred in 2 patients (1%). Late
grade 2 urinary obstruction occurred in 2 patients (1%), and grade 3 in a
further 2 patients (1%), all in the single fraction arm. PSA decreased
more rapidly in the 2F arm, with a median PSA at 4 years of 0.89 ng/ml
in the 1F arm and 0.29 ng/ml in the 2F arm. Biochemical failure occurred
in 20 patients - 18 in the 1F arm and 2 in the 2F arm, Resulting in a 5-
year bDFS of 74.5% and 97.3%, respectively (p50.002), Figure 1. Local
failure was the predominant site of recurrence (16/18) in the 1F arm,
almost always at the site of initial disease, while only 1 of the 2 failures
in the 2F arm had a component of local failure. On Cox analysis, the only
factor predictive of biochemical failure was treatment arm (p 5 0.0027,
Hazard Ratio 9.36). Risk grouping, primary Gleason Score, percentage
positive cores, stage, baseline PSA and dosimetry were not predictive.
Distant metastases-free survival was 98% at 5 years.
Conclusions: Single fraction 19 Gy as delivered in this protocol provides
inferior biochemical control compared to 13.5 Gy x 2 for low and
intermediate risk prostate cancer. It is associated with a significantly
higher nadir PSA value, and a 9-fold higher risk of local failure. It
remains to be seen whether further single fraction dose escalation, either
to the whole prostate or to dominant nodule, will Result in better local
control.
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Background: Retrospective outcome data for 13,299 patients with
localized prostate cancer from five participating institutions (BCC, CC,
Wheeling, UToronto, MDACC) treated with brachytherapy were analyzed
at Univ. of TX MD Anderson Cancer Center (Houston). Based on PSA
measured 4 years (range 3.5-4.5, n57,603) or 5 years (range 4.5-5.5,
n56,545) post-treatment in patients who have not experienced clinical
failure, a population is sought that is cured at long-term follow-up at 10
or 15 years.
Methods: Eligible patients were treated with either brachytherapy alone, or
in combination with external beam radiotherapy (EBRT) and/or androgen
deprivation (ADT). PSA measurements prior to the two intervals of
interest were excluded, and patients who failed clinically prior to the
intervals were excluded from the analysis. KM analysis was carried out
using clinical failure (local, distant, or regional) as endpoint for each of 4
PSA categories: PSA#0.2 ng/ml, PSAO0.2 to # 0.5 ng/ml , PSAO 0.5
to # 1.0 ng/ml, and PSAO1.0 ng/ml.
Results: The patients were distributed by risk category as 37% low, 55%
intermediate, and 8% high risk. The Results of KM analysis are set out in
the table below (95% CI in parentheses). The association of treatment
success with PSA range was highly significant (p!0.0005) for both PSA
at 4 years and at 5 years. Over 2000 patients remain in follow-up beyond
10 years andO300 beyond 15 years.
Conclusions: Patients with a PSA # 0.2 ng/ml at 4-5 years post-treatment
have O98% chance of remaining disease free beyond 15 years. As this
applies to almost 80% of patients, we suggest that this be adopted as the
biochemical definition of cure for patients with $ 4 years’ follow-up.
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Purpose: To report health-related quality of life (HRQOL) and toxicity
outcomes at 4-year follow-up in prostate cancer patients treated with
high-dose rate (HDR) brachytherapy as monotherapy using single-fraction
of 19 Gy or 2 fractions of 13.5 Gy (27 Gy/2 fractions one week apart).
Materials and Methods: Patients with low or intermediate-risk prostate
cancer were accrued to a randomised phase II clinical trial of HDR
brachytherapy as monotherapy, randomised to receive either a single 19 Gy
or two fractions of 13.5 Gy one week apart. HRQOL (Expanded Prostate
Cancer Index Composite [EPIC]), urinary symptoms (International Prostate
Symptom Score [IPSS]), and toxicity (Common Terminology Criteria for
Adverse Events [CTCAE], v4.0) were assessed prospectively. Comparison
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between the two arms was analysed using Fisher exact test for GU and GI
toxicities and Wilcoxon Rank-sum test for EPIC changed scores over time.
Univariate linear and logistic regression analysis was used to investigate
association between HRQOL/toxicity and baseline covariates.
Results:Median follow-up is 51 months (range 24-68 months). In total, 170
patients were treated (87 with single 19 Gy, 83 with 27 Gy/2) for low-risk
(23%), favorable intermediate risk (49%) and unfavorable intermediate
risk (28%) disease (NCCN definition). Late (beyond 6 months) GI
toxicity was minimal in the two arms, with the rate of grade-2 toxicity
limited to 1% (diarrhea, fecal incontinence, hemorrhage, nausea, or
proctitis), and no difference between the two arms. Late Grade-2 urinary
toxicity was low overall and limited to 2%, except for urinary frequency
and incontinence. Grade-2 urinary frequency was observed in 19% and
10% of patients in the single and 2-fraction arms, respectively (p50.27).
There was significantly more late grade-2 urinary incontinence observed
with 19 Gy/1, and none with 27 Gy/2 (6% vs 0%, p50.0318). Grades 2-3
urinary tract obstruction was only observed in 4 patients, all of whom
were treated within the single fraction arm. With respect to change in the
median EPIC scores at 4 years (follow-up - baseline score), there was no
change in the 27 Gy/2 arm in median EPIC scores for urinary, bowel or
hormonal domains, but a decline in sexual function by 16 points from
baseline. In the single fraction arm, there was no change in the bowel or
hormonal domains, but a drop in sexual domain by 9 points, comparable
to that observed with 27 Gy/2 (p50.53). There was a significantly greater
drop in urinary domain, urinary function and urinary bother in the single
fraction arm (-3.5 vs 0.0, p50.003; -5.0 vs 0.0, p50.004; and -3.57 vs
0.0, p50.006, respectively). While quality of life was well maintained at
4-years in both arms, urinary QOL was slightly worse in patients treated
with 19 Gy/1 compared to 27 Gy/2, with more patients reporting
clinically significant decrement (defined as a decrease in EPIC scoreO0.5
SD) in urinary domain (46.15% vs 16.67%, p50.007), urinary function
(52.5% vs 15.38%, p50.0008) and urinary bother (43.59% vs 16.67%,
p50.0136) at 4 years. There was no difference in rates of clinically
significant decrement between arms in other QOL domains (bowel,
sexual, or hormonal). Treatment with 19 Gy/1 (OR 4.286, p50.0082) and
having higher PTV V100 (OR 1.6, p50.02) were the only factors
predictive of clinically significant decrement in urinary QOL at 4 years.
Decrement in sexual QOL at 4 years was associated with having higher
PTV V100 (OR 1.4, p50.04), or lower PTV/prostate V200 (OR 0.8,
p50.02) at baseline. Other patient and dosimetric factors (baseline IPSS,
prostate volume, urethral Dmax, urethral D10) were not found predictive
of QOL outcomes. Bowel and hormonal domains and QOL remained
unchanged from baseline in the two arms, and no association was
observed with any predictive covariates.
Conclusions: Both single 19 Gy and 13.5 Gy x 2 are well tolerated with low
toxicity and good HRQOL maintained at 4 years. Single fraction 19 Gy is
associated with higher rates of grade-2 urinary toxicity, worse urinary
function and bother, and greater decline in urinary QOL at 4 years.
Treatment with 19 Gy/1 and having higher PTV V100 are predictive of
decrement in urinary QOL.
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Limbacher, BS RTT, Matthew Johnson, MD, Melissa Wienczewski, RN,

Beth Mitchell, RN, Peter Chen, MD, Gary Gustafson, MD. Oakland

University William Beaumont School of Medicine, Royal Oak, MI, USA.

Purpose: Prior reports investigating single fraction HDR brachytherapy at a
dose of 19 Gy have suggested favorable toxicity profiles, albeit with a
higher-than-expected incidence of biochemical and local treatment
failures. We report here the initial toxicity Results of a prospective trial
investigating an escalated single fraction HDR brachytherapy dose to 21
Gy for men with low-intermediate risk prostate cancer.
Materials and Methods: After obtaining informed consent, patients were
enrolled on a prospective, IRB-approved protocol. All patients had

pathologically diagnosed prostatic adenocarcinoma meeting the following
criteria: clinical stage ! T2b; Gleason score ! 7 (predominant Gleason
pattern 4 ineligible); PSA ! 15 ng/mL; prostate volume ! 50 cc;
American Urologic Association urinary symptom score ! 12; and no
baseline alpha-blocker usage for urinary symptoms. Gland implantability
was verified prior to treatment via trans-rectal ultrasound (TRUS)
evaluation. Prostate interstitial implant was performed under TRUS
guidance, and dosimetry was all TRUS-based. The planning target
volume was the prostate with no margin added. Dose was specified such
that prostate V100, V125, and V150 wereO 95%, ! 55%, and! 25%,
respectively. Urethral constraints specified V100! 90% and V115! 1%,
and the maximum rectal dose was kept to ! 72% of the prescription.
Patients were seen in clinic and assessed at the following post-treatment
time points: 2 weeks, 3 months, 6 months, and then every 6 months up to
3 years. The primary protocol endpoint was chronic (O 6 months post-
treatment) toxicity and hypothesized a! 25% gradeO 2 GI/GU toxicity
rate using CTCAE version 3.0 criteria. Biochemical control was assessed
using the Phoenix (nadir þ 2) definition.
Results: A total of 26 patients were enrolled. Median follow up at the time of
analysis was 1.7 years (range 0.5-2.7 years). 4 patients had Gleason score 6
and 22 Gleason score 7. Median pre-treatment PSA was 5.0 ng/mL (range
2.7-12.2). No patients received androgen suppression. Chronic grade 2 GU
toxicity was 11.5% (2 patients with urinary frequency/urgency and 1
urethral stricture) with no gradeO3 events. No patients reported gradeO 2
GI toxicity. No biochemical or clinical failure events have occurred to date.
Conclusions: For appropriately selected patients with low-intermediate risk
prostate cancer, HDR brachytherapy in a single fraction dose of 21 Gy is
well-tolerated with a chronic toxicity rate well below the hypothesized 25%.
Additional follow up is required to determine the efficacy of this dosing
regimen, and as such, single fraction treatment remains investigational and
should not currently be offered to patients outside the context of a clinical trial.
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MRI-Guided Focal Salvage HDR

Brachytherapy for Locally Recurrent

Prostate Cancer

Lisa Joseph, MBChB FRCR1, Aravind Sundaramurthy, MBChB FRCPC1,

Alejandro Berlin, MD MSc1, Joelle Helou, MD MSc1, Cynthia Menard,

MD FRCPC2, Andrew Bayley, MD FRCPC1, Charles Catton, MD

FRCPC1, Padraig Warde, MBChB FRCPC1, Bernadeth Lao, BSc1,

Alexandra Rink, PhD MCCPM1, Robert Weersink, PhD MCCPM1, Akbar

Beiki-Ardakani, PhD MCCPM1, Peter Chung, MD FRCPC1. 1Radiation

Oncology, Princess Margaret Cancer Centre, Toronto, ON, Canada;
2Radiation Oncology, Centre Hospitalier de L’Universit�e de Montr�eal,

Montreal, QC, Canada.

Purpose: Biochemical failure may occur in up to 40% of patients treated
with external beam radiotherapy (RT) alone for localized prostate cancer.
A proportion of these may be associated with intraprostatic disease
recurrence where further local treatment options may be limited. While
efficacious, whole-gland salvage brachytherapy may be associated with
significant morbidity as is the use of androgen deprivation therapy (ADT).
Focal brachytherapy has recently gained more attention with the aim of
avoiding morbidity associated with whole-gland brachytherapy and may
facilitate deferral of ADT. We report Results of a prospective study of
MRI-guided focal salvage brachytherapy.
Materials and Methods: This was a phase II single-arm cohort study.
Eligibility was pathologically proven locally recurrent prostate cancer
visible on multi-parametric MRI (mpMRI) at least 18 months after
primary RT with PSA-doubling time O 6 months, without metastatic
disease on conventional imaging and ECOG performance status 0-1. All
patients were treated with HDR brachytherapy under MR image guidance
alone. Patients received a dose of 13Gy to a partial intraprostatic tumour-
bearing region, repeated 7-14 days later. The GTV was defined on
mpMRI (T2-weighted, diffusion-weighted and dynamic contrast-
enhanced sequences). CTV margin expansion (5 mm in all directions)
was restricted to adjacent organs at risk and 2 mm beyond the prostate
boundary where applicable. PTV margins of 2 mm cranio-caudally and
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1mm elsewhere were then applied. No patients were given ADT. Patients
were followed with regular 6-monthly PSA, and mpMRI þ/- prostate
biopsy were performed after a minimum of 2 years. Toxicity was assessed
using Common Terminology Criteria for Adverse Events (v4).
Biochemical relapse was defined using Phoenix definition (nadir þ2).
Results: A total of 29 patients (median age 71 years, range 62-85) were
enrolled. Median PSA pre-salvage was 3.93 (1.68 - 14). 2 patients had
Gleason 6 disease on pre-salvage biopsy, 19 with Gleason 7, 5 Gleason 8
and 3 Gleason 9. Median follow-up was 41 months (6 - 68). Median PSA
nadir prior to salvage treatment was 0.54 (!0.05 - 3.32) and time to nadir
was 27.3 months (7 - 66). Crude rates of biochemical control at 2 years
was 83% (19/23) and 58% (8/19) at 3 years. 17 patients were eligible and
agreed to post-salvage MRI and/or biopsy. Of these, 6 (35%) had localized
recurrence confirmed, 4 of which were within the treated salvage volume.
GU and GI symptoms (!G2) were reported in 8 and 5 of all patients
respectively at 1-month follow-up. 5 reported continual GU and 2 GI
symptoms of the 24 patients that had completed 1 year follow-up (!G2).
All patients are currently alive, 5 have confirmed metastases and 7 are on
ADT. Only 3 of the 8 patients with Gleason 8/9 disease have disease control.
Conclusions: MR-guided focal salvage brachytherapy after failure of
previous RT appears to provide good local disease control in selected
patients with low rates of late toxicity. Further dose escalation to the
tumor may be considered but other methods for appropriate patient
selection beyond PSA dynamics and Gleason score are also needed.
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High-Dose-Rate Brachytherapy as a

Solution for Localized Recurrent Prostate

Cancer after Primary Irradiation: A 10-

Year Experience
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Oncology, Gliwice Branch, Gliwice, Poland; 2Treatment Planning, MSC

Memorial Cancer Centre and Institute of Oncology, Gliwice Branch,

Gliwice, Poland.

Purpose: Local recurrence after primary radiotherapy is still one of the
issues in the management of the prostate cancer patients. High-dose-rate
brachytherapy (HDR-BT) is one of the most efficient salvage approaches;
however, available data are based on rather small groups of patients. This
research aims to present our experience and Results from 10 years of
salvage HDR-BT for prostate cancer relapse.
Materials and Methods: There were 164 patients treated with salvage
HDR-BT in our department from 2008 - 2018. All patients had been
diagnosed with localized biopsy confirmed prostate cancer relapse after
primary irradiation. Each patient was planned to have three interstitial
implants, 10 Gy each to the total dose of 30 Gy in 4 weeks. Implantation
was performed under epidural/general anesthesia. We excluded patients
with follow-up ! 6 months. Acute and late effects were scored with
EORTC/RTOG scale. Phoenix criteria defined the biochemical relapse.
Biochemical free survival was estimated.
Results: One hundred fifty patients were enrolled in this analysis. Median
follow-up was 45 months. Median salvage PSA max was 2.8 ng/mL. One
hundred five patients had primary external-beam radiotherapy, 43 patients
had a combination of EBRT with HDR boost. Two patients had SBRT or
HDR alone. Gleason score $7 was diagnosed in 60 patients (40%);
however, in 63 patients it was not scored due to too small samples from
the biopsy. Mild genitourinary (GU) acute toxicity (Grade 2 or below)
was observed in 142 patients (95%). Late Grade 3 GU complications
were observed among 15 patients (10%). Late gastrointestinal toxicity
was observed in 8 patients (grade 1). 5-year biochemical free survival was
59%.
Conclusions: Salvage HDR-BT is an excellent option for treatment of the
prostate cancer recurrence after primary irradiation. This group confirms
that experienced team may achieve outstanding Results with low toxicity.
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Feasibility and Early Outcomes for

Cervical and Endometrial Cancer

Patients Treated with HDR

Brachytherapy Boost Utilizing Venezia

Applicator

Andrew Keller, MD, Hayeon Kim, PhD, DABR,

Christopher J. Houser, MS, Sushil Beriwal, MD. Department

of Radiation Oncology, UPMC Hillman Cancer Center, Pittsburgh,

PA, USA.

Purpose: The Venezia applicator (Elekta) is a relatively new
hybrid brachytherapy applicator with an intrauterine tandem and two
lunar shaped ovoids for needle insertion that can be utilized for
patients with gynecologic malignancies with extension to the
parametrium and vagina. As it is relatively new, there is limited
outcome data available. We sought to report feasibility and early
outcomes from patients treated with the Venezia applicator at our
institution.
Materials and Methods: Eight patients with cervical cancer and two
patients with endometrial cancer were treated at our institution
utilizing the Venezia applicator for a total of 36 fractions from October
2017 to October 2018. All cervical cancer patients (FIGO stage IIB-
IVA) received definitive chemoradiation therapy with weekly cisplatin,
with external beam radiation therapy dose to 45 Gy in 25 fractions to
the pelvis with parametrial boost as clinically indicated, with HDR
brachytherapy boost to 27.5-30 Gy in 5 fractions. Both endometrial
cancer patients (FIGO stage II-IIIB) received preoperative
chemoradiation therapy with weekly cisplatin to 45 Gy in 25 fractions
to the pelvis, with HDR brachytherapy boost to 16.5-18 Gy in 3-4
fractions. Among the cervical cancer patients, a median of 3.6 (range
1-5) fractions of the brachytherapy boost were delivered utilizing the
Venezia applicator. Among the endometrial cancer patients, all
fractions of the brachytherapy boost (range 3-4) were delivered
utilizing the Venezia applicator. Indications for use of the Venezia
applicator were involvement of the lower half of the vagina in 4
patients (40%), residual parametrial involvement after external beam
radiation therapy in 3 patients (30%), and narrow vagina in 3 patients
(30%). Median number of needles utilized per brachytherapy session
was 3 (range 0-6). The vaginal caps were attached to the two ovoids in
19 of 36 brachytherapy treatment sessions for the 4 patients with
vaginal extension of disease.
Results: Among cervical cancer patients, median HRCTV volume was
25.4 cm3 (range 14.4-48.9 cm3), with median HRCTV D90 of 85.5
Gy, median bladder D2cc of 71.6 Gy, median rectum D2cc of 54.3 Gy,
and median sigmoid D2cc of 59.8 Gy. Among endometrial cancer
patients, median HRCTV volume was 53.1 cm3 (range 19.1-53.1 cm3),
with median HRCTV D90 of 64.2 Gy, median bladder D2cc of 58.2
Gy, median rectum D2cc of 49.5 Gy, and median sigmoid D2cc of
53.0 Gy. There were no cases of acute bleeding following applicator
placement. Follow-up PET/CT scan performed about 3 months
following completion of treatment was available in 7 of 8 cervical
cancer patients, consistent with complete imaging response locally in
all 7 patients, with 1 patient who developed distant metastatic disease.
Both endometrial cancer patients underwent hysterectomy and
bilateral salpingo-oophorectomy, with pathology revealing no
evidence of residual disease in both patients.
Conclusions: Our single institution data shows use of hybrid Venezia
applicator is feasible with adequate coverage of disease in the
lower vagina and lateral parametrium with no significant acute
procedural related complications. Early clinical outcomes show
translation of dosimetric data into excellent clinical and imaging
response
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Improving Gynecologic Brachytherapy

Patient Experience by Optimizing MRI,

Anesthesia, and Scheduling to Decrease

the Length of Time Tandem and Ovoid

Applicators are in Place

Melissa Usoz, BS, Rie von Eyben, MS, Dylann Fujimoto, BA, Elizabeth

Kidd, MD. Stanford University, Palo Alto, CA, USA.

Purpose: Brachytherapy, which requires multiple different steps, plays a
critical role in treatment of gynecological cancer, particularly cervical
cancer. At our institution, tandem and ovoid procedures are done as an
outpatient day procedure using either conscious sedation or anesthesia
with MRI imaging for 1-3 out of the 4-5 fractions. In an effort to improve
our gynecologic patient experience, we investigated how different aspects
of the procedure influence the overall time the patient has the
brachytherapy applicator in place.
Methods and Materials: We prospectively recorded 153 consecutive T&O
treatments for 33 patients, including the timing of different aspects of the
procedures from patient arrival, procedure start, CT start and end, MRI start
and end, contouring complete, planning complete, and applicator removal.
We evaluated how applicator in place time was impacted by anesthesia vs.
conscious sedation, MRI or not, and the number of procedures in the day.
The data was analyzed in a mixed effects linear regression model in order to
account for the within patient correlation. Post hoc pair-wise comparisons
were performed using a Dunnett’s adjustment for comparisons to a single
control group and using a Tukey adjustment for all pair-wise comparisons.
Results: With an emphasis on patient comfort we evaluated how different
factors influenced the length of time the brachytherapy applicator was in
the patient. We found the average applicator in time was 179 minutes
with a range of 87-311 minutes. Patients who received anesthesia had a
significant increase in the length of applicator insertion by an average of
22 minutes (p 5 0.0110) when compared to those who received conscious
sedation. Undergoing a MRI increased the length of time the applicator
was inserted by an average of 58 minutes (p ! 0.0001), although the
actual MRI imaging performed took less than 30 minutes. Having four or
more procedures scheduled for one day increased the length of time the
T&O was inserted by an additional 22 minutes (p50.0049).
Conclusion: The use of anesthesia versus conscious sedation, MRI scans
for treatment planning, and number of procedures scheduled per day have
significant influence on the duration of brachytherapy treatments. Better
understanding of how different aspects of the procedure day influence the
length of time patients have their brachytherapy applicator in place can
help us work to optimize scheduling and thereby improve gynecologic
patient brachytherapy experience.
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A Minor Adaptation in the Houdek

Gynecological Applicator for Limited

Intracavitary and Interstitial HDR

Brachytherapy for Vault Cancers

Revathy Krishnamurthy, MD1, Lavanya Gurram, MD1, Yogesh Ghadi,

MSc, DipRP2, Dheera A, MSc, DipRP2, Libin Scaria, MSc, DipRP2, Satish

Kohle, MSc PGDRTT2, Sudarshan Kadam, MSc PGDRTT2, Supriya

Chopra, MD1, Umesh Mahantshetty, MD1. 1Radiation Oncology, Tata

Memorial Hospital, Mumbai, India; 2Medical Physics, Tata Memorial

Hospital, Mumbai, India.

Purpose: The standard treatment for isolated vaginal vault recurrences post-
surgical cervical and endometrial cancers, in previously unirradiated patients,
is radio(chemo) therapy including brachytherapy (BT) boost. Radiation
therapy would include standard external beam pelvic fields followed by BT
boost depending on the residual disease. BT boost is challenging and
depends on the residual disease and vault thickness. The vault disease
usually has a supra-vaginal component which cannot be treated adequately
with a simple intracavitary vault BT. These case scenarios would require
interstitial BT. The classical interstitial approach includes the use of perineal
templates (MUPIT, Syed Neblett etc.) which involves need of experience,

increased number of needles and association with a learning curve. We
attempted a minor adaptation in an existing Houdek Applicator (used for
simple Intracavitary Vault BT) by introducing an acrylic cap fitted over the
ring with multiple holes drilled for provision to introduce straight needles (18
Gauge stainless steel needles) through the cap as shown in figure 1.
(Clockwise from top: 1. Central tandem and ring. 2. Acrylic caps 3. Ring
fitted with the cap with needles) In addition to the tandem and ring channel,
we made a customized acrylic cap to adapt to different ring diameters and
drilled array of holes for central tandem and 2 circular planes of needles.
After commissioning and dosimetric review, we evaluated its applicability.
The assessment of technical feasibility, dosimetric parameters, and
preliminary clinical outcome forms the basis of this report.
Methods: Fifteen patients with vaginal vault recurrences who underwent
BT using the Houdek applicator with an acrylic cap at our institute
between October 2015 and May 2018 were analyzed. All patients
underwent BT Application and CT based BT planning (after completion
of EBRT þ/- concomitant chemotherapy) to a dose of 4 Gy per fraction x
4 - 6 fractions with 2 fractions per day 6 hours apart. The procedure-
related complications, dosimetric parameters, and clinical outcome
variables were compiled and analyzed.
Results: The 26 mm diameter ring was used in 11 patients while 30 mm in 4
patients. Mean (þ/-SD) no of needles utilized was 10 (þ/- 3) needles for
each patient. The most common dose fractionation delivered was HDR
4Gy x 4 fractions BID. There was no procedure-related complication
seen. The target coverage was acceptable. The mean 2 cc bladder and
rectum doses were 70% (þ/- 11.4) and 67.11% (þ/- 8.4) respectively. At
6- 8 weeks response evaluation, 13 patients showed CR. With a median
follow-up of 10 months (2-25 months), 11 patients were NED, 1 patient
developed isolated local recurrence at 9 months, 2 patients developed
local plus nodal recurrences at 7 and 11 months and 1 patient developed
distant metastasis at 4 months. Late toxicities in terms of grade 2 proctitis
in 2 patients, grade 2 urethritis in 1 patient and recto-vaginal fistula in 1
patient (with disease controlled) were seen.
Conclusion: High dose rate BT boost using Houdek Applicator and acrylic
cap with needles for isolated vault cancers post-surgery was feasible and
achieved acceptable dosimetric parameters. The preliminary clinical
outcome and late toxicities are acceptable. Further follow-up and
evaluation of a larger cohort of patients is warranted.
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Comparison of CT with MR for Imaging

Based Clinical Target Volume Contours in

Cervical Cancer Brachytherapy
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Purpose: To compare CTand MRI-based brachytherapy target volumes for
patients with advanced cervical cancer so as to identify those who benefit
most from MRI-based planning. We also studied how the natural mobility
of the OARs affects the given doses.
Materials and Methods: Subjects were 60 patients with FIGO stage IB-IVA
cervical cancer. The CTHR-CTVwas first delineated then theMRIHR-CTV;
with volume discrepancies calculated by subtraction. The DICE coefficient of
similarity (DC) was calculated from a superimposition of the volumes.
Maximum doses delivered to 2 cm3 of OARs in CT and MRI plans were
compared, the effect of time on the natural mobility was analyzed.
Results: The mean HR-CTV volumes for CT and MRI were similar. There
were also no significant differences between the maximum doses given to
OARs in MRI and CT-based planes in all group. Multivariate analysis
showed that deep infiltration of the uterus (15%) and bowel loops
adjacent to the cervix in CT imaging (18.3%) were the factors
significantly impacting on the volume discrepancy between CT and MRI
HR-CTV (p50.001, p50.045) and on the DC (p50.005, p50.028).
Univariate analysis demonstrated that the FIGO stage had a significant
impact on DC (p50.022). Patients with bowel loops adjacent to the
cervix in CT imaging had lower BMIs (p50.003). The median difference
between the doses given in CT and MRI based plans, caused by mobility,
were 0.5Gy, 0.3Gy and 0.45Gy for respectively the rectum, bladder and
sigmoid. No correlation of observed uncertainties and time between
image acquisitions was detected.
Conclusion: CT or MRI-based scans at BT are adequate for OAR DVH
analysis. Cervical cancer patients with deep infiltration of the uterus, a
low BMI with bowel loops adjacent to the cervix in CT imaging and a
FIGO stage III-IVA benefit most from MRI-based planning of BT.

GSOR05 Presentation Time: 11:50 AM

Applicator Reference CT Fusion

Improves Clinical Accuracy of MR-Based

Titanium Tandem and Ring Localization

and Reconstruction

Irina Malajovich, PhD, Shibu Anamalayil, MS, Boon-Keng Kevin Teo,

PhD, Douglas Bollinger, MS, Brendan Burgdorf, MS, Otilia Valentina

Dolney, MS, Jaclyn Marcel, MS, Shannon O’Reilly, PhD, William Tristram

Arscott, MD, Neil Kanth Taunk, MD. Radiation Oncology, Univ. of

Pennsylvania, Philadelphia, PA, USA.

Purpose: Guidelines for GYN brachytherapy recommend the use of MR
images for contouring treatment volumes. Removing the need for a patient
CT applicator reconstruction can improve planning efficiency, reduce
imaging dose, and reduce time patient has the applicator in place. However,
titanium tandem and ring applicators (T&R) are more difficult to visualize
in a MR than in a CT. In this study, we evaluated the reproducibility of
MR-only based digitization and propose an alternative workflow where a
reference T&R CT is used as an intermediary step during planning.
Methods: AMRof a patient with a titaniumMR-compatible T&R (Eckert &
Ziegler BEBIG, Valencia, CA) with surgical jelly placed in the buildup cap
was re-planned by 8 different physicists to assess the digitization
reproducibility of MR-only planning at our clinic. Based on published
literature, the axial PD-weighted TSE-sequence taken with a 1.5T Siemens
scanner was used by each planner to digitize an applicator using the
BrachyVision� solid applicator library. The dwell times of the clinical
plan, where the patient CT was used for planning and an MR was used for
contouring, were used. In the alternative workflow we propose, a
previously acquired reference CT of the T&R alone without a patient (2mm
slice thickness), was fused to the axial T2-weighted patient MR. The MR
was used for planning, with the fused reference T&R CT displayed during
digitization with a library solid applicator. This proposed Patient MR þ
T&R CT workflow was tested by 8 physicists to again re plan a case using
the clinical dwell times. We evaluated the Resulting dwell positions for
each plan, and plan quality differences among the 8 planners in terms of
the high risk CTV (HRCTV) V100, D100 and D90, and D2cc of the
Rectum, Sigmoid, Bladder, and Small Bowel.
Patient MR Only Results: Comparison of the 8 different digitizations
showed a mean variation between plans of 1.3mm in the tandem dwell

positions (range 0.34-3.74mm), and 2mm in the ring dwell positions
(range 0.27-3.68mm). An evaluation of the Resulting dose distributions
are shown in the table below. Coverage of the HRCTV changed as much
as 14%, and dose to OARs changed as much as 19% with digitization
Patient MR D T&R CT Results: Fusing a reference T&R applicator CT
to the patient MR reduced the uncertainty in dwell positions by 30% in the
tandem and 10% in the ring. Mean variation between plans was 0.9mm in
the tandem and 1.8mm in the ring. The Resulting dose distributions were
more uniform, and the variations of HRCTV coverage and dose to rectum
between planners decreased.
Conclusions: Fusing the T&R applicator reference CT to the patient MR
prior to digitization decreased the uncertainty in dwell position
placement, Resulting in improved inter-planner reproducibility and
reduction in significant planning deviations. The clinical significance of
the improvement in digitization reproducibility versus the impact of
adding a step to the workflow is still under investigation.

GSOR06 Presentation Time: 11:55 AM

An Analysis of Outcomes and Primary
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Cancer Using a Hybrid Intracavitary/

Interstitial Brachytherapy Device

Amanda Rivera, MD, Keyur Mehta, MD, Patrik Brodin, PhD, Ravindra

Yaparpalvi, MS, Shalom Kalnicki, MD. Montefiore Medical Center, Bronx,

NY, USA.

Purpose: Locally advanced cervical cancer remains a prevalent disease for
which brachytherapy is of utmost importance for primary tumor control.
Hybrid applicators combining both intracavitary and interstitial
brachytherapy have been adopted in an effort to provide adequate dose
coverage to more bulky cervical tumors. Hybrid applicators can provide
an alternative to the traditional interstitial template implant or parametrial
boost, for select patients with bulky disease. Specifically, the ability to
place interstitial needles allows for better dose optimization and coverage.
We sought to demonstrate clinical outcomes of locally advanced cervical
tumors treated with hybrid intracavitary/interstitial brachytherapy and
their association with tumor characteristics and dose.
Materials and Methods: An institutional database was used to identify
cervical cancer patients treated with combination external beam radiation
followed by intracavitary/interstitial brachytherapy from 2010-2017.
Patients were prescribed an EBRT dose of 50 Gy to the primary tumor
and brachytherapy was administered in 6-8 Gy fractions over 3-5
insertions. CT-image based contouring, treatment planning, and plan
evaluation were performed according to the published GEC ESTRO
guidelines. Treatment parameters queried included D90 for the HR-CTV,
and total EQD2. The D90 was recorded for each fraction and summed to
a total brachytherapy EQD2, which was then combined with the external
beam EQD2. Patient and tumor characteristics analyzed included FIGO
stage, histology, pre-brachytherapy MRI tumor size, and number of
needles implanted. The Kaplan Meier method was used to estimate loco-
regional control, distant control and overall survival.
Results: 68 patients with locally advanced cervical tumors treated with
hybrid intracavitary/interstitial brachytherapy were identified. Twenty
seven patients were FIGO Stage IIIB, thirty six were FIGO IIB, four were
FIGO IB2, and one FIGO IB1. Forty eight patients had squamous cell
histology, while nineteen patients had adenocarcinoma or adenosquamous
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histology, and 1 patient had poorly differentiated histology. Median number
of needles placed per patient was 2. Forty four percent of FIGO IIB patients,
and twenty eight percent of FIGO IIIB patients had a median number of
needles O2. Median follow up was 24.8 months with a 2-year local
control of 83.0%. Nineteen patients had locoregional failures, with only
three identified as cervix only failures, and twenty two patients had
distant failures. Two year actuarial distant control was 67.9%, loco-
regional control was 70.9%, and overall survival was 89.6%. The median
EQD2 was 86.84 Gy (IQR: 83.33, 89.39) for all patients. FIGO IIB and
IIIB patients had a median EQD2 of 87.40 Gy (IQR: 85.62, 90.01) and
85.59 Gy (IQR: 80.68, 87.89), respectively. EQD2 O86.8 Gy was
associated with improved loco-regional control, though did not reach
statistical significance (p50.21). Total treatment package time was
significantly associated with loco-regional control (p50.02). Pre-
brachytherapy MRI tumor size was available for 25 patients, with a
median of 2.2 cm. There was a trend toward worse loco-regional control
with each 1 cm increase in size with a hazard ratio of 1.54 (p50.26).
Conclusions: Intracavitary/Interstitial brachytherapy for bulky locally
advanced cervical tumors provides excellent local control and overall
survival. Dose coverage assessed by D90 and total EQD2 demonstrated a
strong trend toward improved loco-regional control, as did smaller tumor
size at the time of brachytherapy. Patients with bulky cervical tumors not
eligible for intracavitary brachytherapy should be considered for hybrid
intracavitary and interstitial brachytherapy.
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Purpose: Patients with vault cancers, residual/recurrent disease post
inadvertent hysterectomy, and advanced vaginal cancers form a
significant patient population and are treated with radical radiotherapy,
with or without concurrent chemotherapy. Radiotherapy comprises of
external beam radiotherapy (EBRT) followed by a brachytherapy boost.
The boost is delivered with high dose rate interstitial brachytherapy using
templates if the disease is not amenable for intracavitary brachytherapy
using vaginal cylinders. Reported literature in this group of patients is
sparse, retrospective in nature and limited. In the recent past, our mono-
institutional series has reported disease free (DFS) and overall survivals
(OS) of 61.1% and 63.9% at 3-years respectively with grade 3-4 late
bladder toxicities of 4.5% and late gastrointestinal (GI-rectal & small
bowel) toxicities in 16% patients. On similar lines, we undertook another
retrospective analysis of recently treated patients and performed a
comparative analyses for further introspection in outcome.
Materials and Methods: Patients treated with interstitial brachytherapy
(post EBRT) using the Martinez Universal Perineal Interstitial Template
(MUPIT) for primary or recurrent vault and vaginal cancers treated at our
institute were compiled and analysed. Patients receiving brachytherapy as
salvage re-irradiation and those involved in prospective clinical trials
were excluded from the study. Patient, disease and treatment related
variables were noted. Analysis was conducted using the Statistical
Package for the Social Sciences (SPSS) version 22 (SPSS Inc. Chicago,
IL). Descriptive statistics for patterns of relapse, local recurrence free
survival (LRFS), DFS, OS and late toxicities were carried out. Kaplan
Meier curves were used for survival analysis. All variables with the
potential to affect outcomes were tested with the log rank test for
statistical significance.
Results: One hundred and seventeen patients treated with MUPIT based
interstitial brachytherapy boost between January 2009 and December

2015 were evaluable. Recurrent vault cancers were seen in 79 (67.5%)
patients, while primary vault/vaginal cancers were seen in 38 (32.5%)
patients. With a median follow-up of 46 months, the LRFS, DFS and
OS at 3-years were 62.4%, 59.5% and 73.4% respectively. Bulky
tumours (clinically O 4cm), overall treatment time (OTT) O63 days
and response to EBRT significantly affected LRFS. OTT also
significantly affected DFS and OS. Grade 3-4 late bladder toxicities
were seen in 1% patients and grade 3-4 late GI toxicities in 7.5%
patients. As compared to our previously published series, the outcome
in the current series is relatively better in terms of late toxicities (by
12%) and loco-regional control (by 5%). This could be attributed to an
increasing use of chemotherapy during radiation and relatively better
dosimetry and optimization for organs at risk, especially the rectum
and bladder.
Conclusions: Patients with primary and recurrent vault and vaginal cancers
treated with high dose rate interstitial brachytherapy boost, using the
MUPIT (post EBRT), Resulted in a modest clinical outcome and
acceptable late toxicities. Overall treatment time and response at
brachytherapy were the most important factors for affecting outcome.
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Purpose: Intracavitary Brachytherapy in cases of cancer cervix with
retroverted uterus has been both a procedural and dosimetric dilemma for
a long time.This study was designed to associate applicator type ,
Geometry and uterine anatomy with rectal dosimetry and incidence of
clinical toxicity
Materials and Methods: A total of 26 patients of ca cervix with fixed
retroverted uterus were treated in our institution between Jan 2013-dec
2017 by EBRTþ/- concurrent CT followed by ICBT. Point A/HR CTV
D 90, Degree of retroversion of uterus, Applicator types ,Tandem
angle,Range of sync between tandem angle and uterine axis, insertion
length , length of separation, perforation of uterus , Rectal and
Sigmoid D2cc D1cc, D.1cc, converted to EQD2 was corelated with
clinical incidence of rectal toxicity as measured by the CTCAE V4.0
and The Grade of radiation proctitis as measured by colonoscopic
exam if done.
Results: All analysis were done using Chi Square test (SPSS V 23) .Use of
Fletcher type applicator in increasing degree of retroversion Resulted in
both higher Median D2cc,D1cc,D1cc Rectal dose and increased incidence of
Grade 2 and 3 rectal toxicity than Manchester type. The median Sigmoid
D2cc and D1cc was 88.2 Gy and 72.8 Gy respectively. D2cc of Rectum and
D2cc of sigmoid colon both correlates Equally with the development of
Grade 2 and 3 Rectal toxicity (p50.06 vs p50.06) Independent of
applicator types sync between tandem angle and uterine axis was
identified as better predictor for improved therapeutic ratio including
target organ coverage and rectal sparing than tandem angle alone in terms
of dosimetry (P50.08) ,but this association was not reflected in terms of
clinical rectal toxicity. Tandem insertion lengthO4cm ,and relatively
empty bladder(!30 cc) was associated with lesser rectal dose irrespective
of applicator type and tandem angle, and Fletcher type with full bladder
was associated with both higher rectal dose and increased grade 2 and 3
rectal toxicity. The distance of the tandem tip to anatomical Rectosigmoid
junction was highly associated to grade 3 rectal toxicity(p50.06)
compared to Sigmoid point. In 7 Patients who underwent colonoscopy for
symptomatic rectal toxicity 6 had Rectal D2ccO80 Gy and all had
D.1ccO100 Gy. All 7 had sigmoid colon d2ccO95 Gy. Overall In
Colonoscopic proven Grade 2 and 3 Radiation Proctitis(7 /26 patient )
distance from the Tandem Tip to the closest point in the Large intestinal
structure proved to be of highest significance (p50.05) all of which all lie
within the cranio caudal range of 10þ/-3 mm of anatomical RSJ. Use of
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Fraction size of O6 Gy with this distance lesser than 10 mm lead to
appreciable increase in the D2cc of sigmoid but non significant increase in
D2cc of Rectum
Conclusion: Overall Manchester type applicator and relatively empty
Bladder Results in better Treatment outcome in ICBT for ca cervix with
retroverted uterus .CT based post application geometry coupled with
uterine anatomy can provide prospective prognostic factors for
development of high grade rectal toxicity and thus can be used to
determine fraction size and numbers for ICBT treatment of each
Patient.Use of Fraction sizeO6 gy with Significant grade of retroversion
might lead to Potential High grade Rectal toxicity
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Purpose: Given the scarcity of data on re-irradiation for vaginal relapse of
previously-irradiated endometrial cancer, the salvage rate, outcomes, and
complications of such treatment are not well characterized. In PORTEC-
1, the reported salvage rate for vaginal cuff recurrence after prior external
beam radiation therapy (EBRT) was 43% (3 out of 7 patients), but the
study offered little guidance with respect to appropriate salvage treatment
technique. Modern 3D image-guided brachytherapy has Resulted in
improved ability to optimize dose to the target while minimizing dose to
critical organs. We thus aimed to report our institution’s 10-year
experience with management of vaginal recurrence by definitive intent re-
irradiation using modern 3D image-guided brachytherapy technique, with
or without EBRT.
Methods and Materials: A retrospective review was performed on 22
patients treated with definitive-intent re-irradiation brachytherapy þ/-
EBRT for vaginal recurrence of endometrial cancer between August 2008
and July 2018. At our institution, our principle is to limit the cumulative
rectosigmoid and bladder D2cc (reported as equivalent dose in 2-Gy
fractions, EQD2) to!75 Gy and!90 Gy, respectively. Patients who had
prior pelvic EBRT were not considered candidates for repeat pelvic
EBRT. Kaplan-Meier and Cox proportional hazards modeling were used
to estimate survival. Local failure was defined as vaginal recurrence, and
regional recurrence was defined as recurrence within the pelvis or pelvic
nodes. Severe (grade 3 or higher) radiation-related toxicities, defined
according to CTCAE v4, were recorded.
Results: Prior radiation therapy consisted of vaginal brachytherapy in 12
(54.5%), pelvic EBRT in 5 (22.7%), and combination pelvic EBRT and
vaginal brachytherapy in 5 (22.7%). Median re-irradiation interval was 26.6
months (interquartile range, IQR: 17.2-54.4). Salvage re-irradiation
consisted of EBRT with brachytherapy in 50.0% and brachytherapy alone
in 50.0%. Most (77.3%) had MRI-based planning, while the remainder
underwent CT-based planning. Brachytherapy technique used was
intracavitary multichannel vaginal cylinder (MCVC) in 11 (50.0%) patients,

MCVC with free-hand needles in 2 (9.1%), interstitial needles in 8 (36.4%),
and single-channel vaginal cylinder in 1 (4.5%). Median re-irradiation
EBRT dose was 45.0 Gy (range: 24-45) in 25 fractions, and median re-
irradiation brachytherapy dose was 28.8 Gy (IQR: 24.8-30) delivered over 4
to 7 fractions. Median high-risk clinical target volume (HRCTV) volume
was 23.2 cc (IQR: 13.0-30.6), and median HRCTV D90 (EQD2) was 64.5
Gy (IQR: 49.6-75.8). Median cumulative D2cc to bladder, rectum, and
sigmoid, including contribution from prior radiation courses, were 72.1 Gy
(range: 30.3-81.8), 70.6 Gy (range: 32.0-80.5), and 52.7 Gy (range: 29.6-
75.3), respectively. At a median follow-up of 27.6 months, 3-year local
control, regional control, disease-free survival, and overall survival rates
were 65.8%, 76.6%, 40.8%, and 68.1%, respectively. HRCTV D90 did not
predict for local control. There were no grade $3 acute or late rectosigmoid
or bladder toxicities. One (3.8%) patient developed a late grade 3 left
ureteral stricture requiring chronic stent placement.
Conclusion: Re-irradiation with 3D conformal brachytherapy for vaginal
recurrence is feasible and safe as long as cumulative dose to surrounding
normal organs is limited, and offers a chance to potentially salvage 40%
of patients presenting with vaginal recurrence in the setting of prior
pelvic radiation.
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Purpose: In 2009, GOG 249 began randomizing women with high risk,
early stage uterine carcinoma to whole pelvic radiotherapy (WPRT) or
vaginal cuff brachytherapy and chemotherapy (VBTþCT) after definitive
surgery. In 2014, initial Results revealed that VBTþCT was not superior
to WPRT and had more grade $3 acute toxicities. Patterns of care
analysis and comparison of overall survival (OS) among women who met
criteria for GOG 249 and were treated with similar therapies was performed.
Materials and Methods: Women diagnosed with FIGO IA-IIB
endometrioid, serous, or clear cell uterine cancer between 2004-2015 and
treated with hysterectomy and radiotherapy (RT) were identified in the
National Cancer Database. Subjects with prior malignancy, insufficient
GOG high-intermediate risk factors, non-standard RT approaches, or
treatment other than WPRT or VBTþCT were excluded. Univariate and
multivariate Cox analyses were performed to calculate odds ratio (OR) of
VBTþCT receipt and hazard ratio (HR) of OS. Propensity score matching
with respect to age, race, insurance, education, and income was performed.
Results: Patterns of care were analyzed for 9956 women meeting inclusion
criteria. 2408 (24.2%) receivedVBTþCTand 7548 (75.8%) receivedWPRT.
VBTþCT utilization increased from 11% in 2008 to 35% in 2013. Factors
associated with significantly higher VBTþCT receipt on multivariate
analysis were FIGO IA (OR 4.0 [ref II], p!0.01), FIGO IB (OR 1.5 [ref
II], p!0.01), high grade endometrioid (OR 4.7, p!0.01), serous (OR 26.3,
p!0.01), clear cell (OR 7.4, p!0.01), highest education quartile (OR 1.6,
p!0.01), private insurance (OR 1.3, p!0.01), academic facility (OR 2.2,
p!0.01), above median travel distance (OR 1.6, p!0.01), and later
diagnosis year (OR 1.3, p!0.1). Factors significantly associated with OS
on multivariate analysis were age 70-90 (HR 5.8, p!0.01), black race (HR
1.5, p!0.01), lowest income quartile (HR 1.3, p!0.01), Charlson-Deyo
comorbidity score $3 (HR 2.7, p!0.01), Medicare (HR 1.5, p!0.01),
tumorO5 cm (HR 1.4, p!0.01), positive margin (HR 1.4, p!0.01), high
grade endometrioid (HR 2.3, p!0.01), serous (HR 2.8, p!0.01), and clear
cell (HR 2.2, p!0.01). In this multivariate model with 6793 women,
VBTþCT was associated with improved OS for FIGO IA (HR 0.56, 95%
CI 0.41-0.77) and FIGO IB (HR 0.60, 95% CI 0.47-0.77) but not FIGO II
(HR 0.85, 0.64-1.14). After propensity score matching, a multivariate
model with 2313 women revealed that VBTþCT was associated with
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improvedOS for FIGO IB (HR0.62, 95%CI 0.45-0.85) but not FIGO IA (HR
0.84, 95% CI 0.50-1.40) or FIGO II (HR 0.87, 95% CI 0.60-1.27).
Conclusions: There was significant use of experimental arm off-protocol
treatment in the US prior to report of GOG 249 Results, which revealed it
not to be superior to the standard WPRT arm. Although VBTþCT was
associated with improved OS in a subset of high risk, early stage uterine
cancers in this study, providers should be cautious when offering off-
study treatment utilizing an experimental regimen.
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Purpose: To assess uncertainties of clinical staging (only gyn exam �
endoscopy) compared to MRI findings in locally advanced cervical
cancer patients within the EMBRACE study.
Material & Methods: All 1416 patients from EMBRACE I based on data
dump (08/2017) were considered for analysis. All had gyn exam and pelvic
MRI before treatment. Recto- and/or cystoscopy were optional. Tumour
width, height and thickness in millimeter, infiltration of vagina, left and/

or right parametrial tissue, pelvic wall, and rectum and/or bladder were
assessed. Independent re-staging was performed through the investigators
based on the database: (1) T-stage (TNM 8th edition, 2017) based on
clinical findings only; (2) T-stage (TNM 8th edition, 2017) on MRI only.
Descriptive statistics were used to sum up the T-stages and cross tables to
evaluate the differences in local staging.
Results: Data was available from 1338 patients. Finally re-assigned
clinical-only T-stage was T1b in 264 (19.7%) patients, T2a in 83 (6.2%),
T2b in 755 (56.4%), T3a in 15 (1.1%), T3b in 191 (14.3%), and T4a in
30 (2.2%). MRI-only T-stage was T1b in 207 (15.5%) patients, T2a in 75
(5.6%), T2b in 834 (62.3%), T3a in 12 (0.9%), T3b in 125 (9.3%) and
T4a in 85 (6.4%). Differences were found in overall 388 patients (28.9%)
and are presented in table 1. On MRI, 10.5% were staged lower and
18.5% were staged higher compared to clinical examination. Change of
stage between clinical examination and MRI varies considerably between
the different stages from min. 12.5% in T2b to max. 69.2% in T2a1.
Conclusion: Approx. one third of patients is classified differently when
comparing gyn exam only vs. MRI findings only in a primarily unblinded
assessment. On MRI, upstaging is more frequent than downstaging.
Comprehensive knowledge of the differential value of both modalities is
necessary to integrate them into one final local T-stage ‘‘Tclinical, imaging‘‘
as suggested by the recent ESGO ESTRO ESP recommendations.
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Purpose: Prostate brachytherapy with iodine-125 permanent seed
implantation (BT) started in Japan in 2003. More than 3400 cases were
performed at our institute during the past 15 years. Long term outcomes
of BT and it’s predictors of recurrence were analyzed.
Materials and Methods: Between September 2003 and August 2012, 1924
patients who underwent BT for cT1-3N0M0 prostate cancer at single
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institution were able to be followed more than 5 years. Kaplan-Meier
analysis was performed to evaluate their overall survival rate (OS),
disease specific survival rate (DSS), clinical progression free survival rate
(CPFS) and biochemical progression free survival rate (BPFS). Low risk
cases with NCCN guideline and intermediate risk cases with Gleason
score 3þ4 and positive biopsy core rate! 34% and &T2c were treated
with brachytherapy alone with prescription dose of 145-160 Gy. All other
intermediate risk cases and high risk cases were treated with combination
of external beam radiation therapy (EBRT), and their prescription dose
was 100-110 Gy by BT and 45 Gy (1.8 Gy x 25) by EBRT. Phoenix
definition was used to determine biochemical failure after the treatment.
Clear PSA bounce cases were excluded from failure for the analysis. Uni-
variate and multi-variate regression analysis were performed by long-rank
test and Cox’s hazard regression model, respectively. Statistical
significance was defined as a p-value less than 0.05. Age, iPSA, Gleason
score, clinical stage, positive core rate of biopsy, biochemical effective
dose (BED), hormonal treatment and EBRT combination were analyzed
to characterize the predictive factors of PSA recurrence.
Results: OS at 10 years after BTwas 88.4% and DSS was 99.3%. CPFS and
BPFS at 10 years were 94.9% and 94.3%, respectively. BPFS of low,
intermediate and high risk groups at 10 years after BT were 97.1%,
90.7% and 75.5% respectively. According to the uni-variate analysis for
the factor related to biochemical progression, iPSA (p!0.001), clinical
stage (p!0.001), positive core rate of biopsy (p50.005), EBRT
combination (p!0.001) and Gleason score (p!0.001) showed statistical
significance. As a Result of multi-variate analysis, clinical stage (p!
0.001) and Gleason score (p!0.001) were identified as independent
predictors for PSA recurrence after BT.
Conclusions: Predictors of recurrence in BT were Gleason score and
clinical stage. Analysis for long term outcomes of BT revealed excellent
Results in all risk groups. BT can be considered as a best treatment
option not only for low risk cases but also for intermediate and high risk
cases.
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Sushil Beriwal, MD, MBA1, Ryan P. Smith, MD1. 1Department of
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Purpose: Cs-131 is a relatively new radioisotope used for prostate
brachytherapy, and limited long-term data on outcome and side effects
exists. Moreover, there is minimal patient-reported data on rectal bleeding
with any isotope. We thus aimed to describe the incidence, prevalence,
and predictors of late patient-reported rectal bleeding, bother from rectal
bleeding, and bowel-related quality of life following Cs-131 prostate
brachytherapy.
Materials and Methods: We reviewed a prospectively collected database
of 620 men treated with Cs-131 prostate brachytherapy between October
2006 and December 2017. Patients with !6 months of follow-up were
excluded, as the focus was on late quality of life outcomes. Most patients
had low-risk (30.8%) or intermediate-risk (55.6%) disease. 390 (62.9%)
patients received brachytherapy as monotherapy, while the remainder
received combination therapy with external beam radiation therapy
(EBRT). Patients were administered Expanded Prostate Cancer Index
Composite (EPIC) questionnaires pre-operatively and post-operatively at
2 weeks, every 3 months for the first year, every 6 months up to year 5,
and yearly thereafter. The form includes questions on rectal bleeding and
degree of bother from rectal bleeding. Late rectal bleeding was defined as
rectal bleeding reported at 6-month follow-up or after. Clinically
significant rectal bleeding was defined as occurring more than ‘‘rarely,’’
and clinically significant bother was defined as considering rectal
bleeding more than a ‘‘very small problem.’’ Severe rectal bleeding was

defined as occurring ‘‘usually’’ or ‘‘always,’’ and severe bleeding bother
was defined as being a ‘‘moderate problem’’ or ‘‘big problem.’’
Univariate analysis using binary logistic regression was performed to
identify factors predictive for rectal bleeding, bother from bleeding, and
overall bowel-related quality of life. Variables with a p-value of !0.10
were entered into multivariate binary logistic regression analysis using the
forward conditional method.
Results: Median follow-up time was 48 months (range: 6-120). Cumulative
incidence of clinically significant late rectal bleeding was 12.4%, with
15.2% reporting clinically significant bother from bleeding. Only 4.0%
and 7.6% ever reported severe rectal bleeding and severe bother from
rectal bleeding, respectively. At the time of last follow-up, the prevalence
of clinically significant rectal bleeding and bother were 4.0% and 4.7%,
respectively, while the prevalence of severe rectal bleeding and bother
were 1.1% and 2.3%, respectively. On univariate analysis, EBRT
predicted for clinically significant rectal bleeding (p50.002) and bother
(p50.011). Additionally, acute clinically significant rectal bleeding,
defined as occurring within the first 6 months, predicted for both late
bleeding (p50.001) and bother (p50.005). On multivariate analysis, both
acute rectal bleeding (p!0.001, OR 3.54, 95% CI 1.81-6.92) and EBRT
(p!0.001, OR 2.44, 95% CI 1.48-4.01) remained significant predictors
for late rectal bleeding. Worse pre-operative bowel function scores
predicted for a clinically significant decline (defined as decline by $7
points) in overall bowel-related quality of life scores (p50.006) and
bowel function scores (p50.001) at 48 months.
Conclusions: Prostate brachytherapy with Cs-131 is well-tolerated in the
long-term. Although the incidence of clinically significant patient-
reported late rectal bleeding was 12.5%, the prevalence at last follow-up
was only 4.0%, suggesting that this problem tends to resolve. Predictors
for late rectal bleeding include EBRT and early rectal bleeding.
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Purpose: To determine whether adding androgen deprivation therapy
(ADT) improves the biochemical control or survival of patients with
intermediate risk prostate cancer undergoing brachytherapy with or
without external beam radiotherapy (EBRT).
Materials and Methods: This is a retrospective analysis of prospectively
collected data from men treated at our institution from 2003 to 2013. The
study included 1,171 men with intermediate risk prostate cancer
undergoing I-125 brachytherapy with or without EBRT with or without
ADT. Low-tier intermediate risk patients basically received brachytherapy
as monotherapy. A total of 481 patients (40.9%) received brachytherapy
alone, and 690 patients (58.9%) received brachytherapy combined with
45 Gy of EBRT. Patients were categorized by ADT use. ADT was given
to 443 patients (37.8%). The median duration of ADT was 6 months
(IQR, 3�10 months). Baseline patient and treatment characteristics were
compared between the ADT and non-ADT groups. Biochemical control
(nadir þ 2 ng/mL, excluding PSA bounce) was ascertained. The Kaplan-
Meier method was used to estimate biochemical control, locoregional
control, and overall survival. The impact of ADT was determined using
univariate and multivariate analysis by the Cox hazard model. Propensity
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score matching was then performed between both groups. Patients from
both groups were paired together based on the similarity of the propensity
score and were matched 1:1 without replacement. In addition, subset
analyses stratified patients into favorable risk and unfavorable risk of
NCCN subgroups in the matched pairs. Patients with PSA failure
underwent template-guided mapping prostate biopsy and imaging
investigations to identify anatomical recurrent sites.
Results: Median follow-up for the cohort was 8.8 years. ADT patients were
older (p!0.001), had higher PSA (p!0.001), higher grade group(p!0.001),
and multiple risk factors (p50.032). Also, the ADT group had a higher
proportion of patients with unfavorable intermediate risk (53.3% vs.
58.5%, p50.085). The 10-year biochemical control was 88.7% for the
non-ADT group and 92.3% for the ADT group (p50.082). On
multivariate analysis, after controlling for grade group and positive core
rate, ADT was not associated with biochemical control. However, after
propensity score matching, the 10-year biochemical control was 85.7%
for the non-ADT group and 93.5% for the ADT group (p50.006). Subset
analysis of unfavorable risk patients showed the 10-year biochemical
control of 84.1% for the non-ADT group and 93.6% for the ADT group
(p50.016). In favorable risk patients, the difference was not significant.
(p50.156). The 10-year locoregional failure was 3.2% for the non-ADT
group and 3.6% for the ADT group (p50.959). The 10-year overall
survival was 88.0% for the non-ADT group and 87.2% for the ADT
group (p50.250). On univariate and multivariate analysis, age and
comorbidity were significant factors. After propensity score matching, the
10-year overall survival was 89.2% for the non-ADT group, vs 91.3% for
the ADT group (p50.598). Subset analysis of unfavorable risk patients
showed the 10-year survival of 87.6% for the non-ADT group and 88.7%
for the ADT group (p50.537). The 10-year prostate cancer-specific
survival was 97.5% for the ADT group and 98.7% for the ADT group
(p50.583).
Conclusions: ADT may be associated with improved long-term
biochemical control of unfavorable intermediate risk prostate cancer
patients receiving brachytherapy-based treatment. However, ADT is not
associated with the 10-year locoregional control. ADT does not impact
10-year overall survival, even for the unfavorable risk patients.
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Background: We have treated over 3200 patients at our institute using
permanent seed implantation brachytherapy (BT) since September 2003.
Although BT is often accompanied by postoperative irritative urinary
symptoms such as frequent urination, its major adverse events are rare
and generally a good post-treatment quality of life (QOL). Over 400
patients were treated with Robot-assisted radical prostatectomy (RARP)
at our institution since its introduction in October 2013. In comparison
with the conventional open surgery, RARP is distinguished by faster
recovery from postoperative urinary incontinence and preserves sexual
function, leading to better a postoperative QOL. However, many patients
have difficulties in making the choice between the two treatments.
Purpose: We examined the reasons for choosing BT or RARP,
postoperative adverse events and their effects on QOL satisfaction with
patients who underwent BT or RARP, for better understanding of
patients’ emotional and physical experiences, and to provide help in
decision-making and post-treatment lifestyle assistance to patients from a
nursing perspective.
Methods: 229 patients, of whom 128 underwent BT and 101 underwent
RARP between September 2014 and December 2015, consented to
participate in this survey. Original self-administered questionnaires were
distributed in person to patients, who were requested to return the
questionnaire individually by mail. The questionnaire consisted of six

questions: 1)reason for selecting the treatment, 2)post-treatment urinary
symptoms that troubled the patient, 3)overactive bladder symptoms score
(OABSS), 4)QOL score by using the International Consultation on
Incontinence Questionnaire-Short Form (ICIQ-SF), 5)satisfaction with the
treatment, and 6)details. Statistical analysis was performed using SPSS
(Ver.6.9.OJ) and Microsoft Office Excel 2010.
Results: The survey form was distributed to 229 patients and recollected
(recovery rate 100%). Among these, 214 were valid responses (93%). The
mean age of the patients who provided valid responses was 69.3 (�6.9)
years for the BT group and 68.2 (�6.4) years for the RARP group
(p50.257). The primary reasons for choosing the treatment included short
hospitalization time (82 patients, 70%) and proven outcomes (81 patients,
69 %) for the BT group and low invasiveness (62 patients, 65%) and high
curativeness (56 patients, 58%) for the RARP group. The most common
post-treatment urinary symptoms were frequent urination (68 patients,
58%) and urinary urgency (52 patients, 44%) for the BT group and
urinary incontinence (60 patients, 62%) and frequent urination (51
patients, 53%) for the RARP group. The OABSS Results were mild for
78 patients (66%) and moderate for 36 patients (31%) for the BT group
and mild for 66 patients (70%) and moderate for 22 patients (23%) for
the RARP group. There was a significant difference between the mean
QOL scores evaluated with the ICIQ-SF scale at 1.74 (0-16) and 6.73 (0-
21) for the BT and RARP groups, respectively (p !0.05). In the BT
group, 38 patients (41%) were satisfied, 46 patients (50%) were roughly
satisfied and in the RARP group, 42 patients (44%) were satisfied and 44
patients (47%) were roughly satisfied with the treatment. The reasons for
their treatment satisfaction were low-invasiveness for 83 patients (70%)
and low stress on the body for 78 patients (67%) for the BT group and
low-invasiveness for 48 patients (50%) and low stress on the body for 39
patients (40%) for the RARP group.
Conclusions: Low-invasive and high-curative treatments are consequently
increasing in demand. The Results of this study revealed that BTand RARP
were selected as low-stress and highly curative treatments. The common
post-treatment urination symptoms of BT were irritation symptoms such
as frequent urination or urinary urgency, while those of RARP were
urinary incontinence and frequent urination due to the operation. Patients’
age range varied widely from the 50s to 80s but many were of working
age, thus early recovery from post-treatment urinary symptoms was
strongly desired. These urinary symptoms may improve with drug
therapy, but it is important to combine other therapies such as lifestyle
guidance and physiotherapy as well. Therefore, nursing interventions can
also contribute to the alleviation of urinary symptoms’ treatment and
QOL post treatment.
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Purpose: Treating prostate cancer with extraprostatic extension (stage T3a)
or seminal vesicle invasion (stage T3b) using brachytherapy boost after
external beam radiotherapy (EBRT) enables dose escalation and is
technically challenging. Treatment outcomes associated with high-dose
rate (HDR) brachytherapy boost for T3 disease have not been well
described. We therefore sought to assess disease control rates among
patients treated with HDR brachytherapy boost for T3 disease.
Materials and Methods: Retrospective chart review was performed to
identify patients with T3 prostate cancer treated with combination EBRT
and HDR brachytherapy boost between July 1997 and September 2014.
Biochemical recurrence (BCR), defined as prostate specific antigen (PSA)
nadir þ 2 ng/mL, locoregional recurrence (LRR), distant metastases
(DM), and prostate-cancer specific mortality (PCSM) were estimated
using cumulative incidence and subdistribution hazard ratio (SHR)
competing risk analysis. Overall survival (OS) was estimated using
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Kaplan Meier product limit estimator, with Cox proportional hazards
modeling used to analyze associations between pre-treatment
characteristics and survival outcomes.
Results: Of 185 patients, 139 (75.1%) had T3a and 46 (24.9%) had T3b
disease. Gleason 8-10 disease was present in 87 (47.3%) patients and the
median PSA was 9.3 (interquartile range [IQR] from 25th to 75th percentile,
5.8-19.4). Nearly all patients received whole pelvis EBRT (178, 96.2%) and
androgen deprivation therapy (95.7%, median duration 11 months). The
median follow-up time was 89 months (IQR 49-122). The 8-year BCR rate
was 29%; 26.1% for T3a and 38.3% for T3b (SHR 1.5, 95% CI 0.9-2.7, p 5
0.15). The 8-year LRR rate was 7.9%, 5.2% for T3a and 16.8% for T3b
(SHR 2.3 95% CI 0.9-6.1, p 5 0.09). The 8-year DM rate was 11.9%, 9.2%
for T3a and 21.3% for T3b (SHR 3.0, 95% CI 1.5-6.2, p 5 0.003). The 8-
year PCSM rate was 3.6%, 1.9% for T3a and 9.1% for T3b (SHR 6.1, 95%
CI 1.6-23.7, p 5 0.008). The 8-year OS rate was 90.1%, 91.5% for T3a and
85.7% for T3b disease (Cox HR 2.1, 95% CI 0.9-4.7, p 5 0.07). Grade 3 or
higher gastrointestinal and genitourinary (GU) toxicities were rare; only one
patient had a grade 3 chronic GU toxicity (0.6%).
Conclusions: HDR brachytherapy boost for T3 prostate cancer was well
tolerated. Patients with T3b disease had higher rates of LRR and
statistically significantly higher rates of DM and PCSM. This suggests
HDR brachytherapy boost is safe and efficacious for T3 disease, but
combination chemohormonal agents may be necessary to address the high
metastatic risk in patients with locally advanced prostate cancer,
particularly for T3b disease.
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Purpose: To report the Results of a randomized, controlled trial evaluating a
machine learning based Prostate Implant Planning Algorithm (PIPA) versus
conventional manual treatment planning by expert dosimetrists for LDR
prostate brachytherapy. The primary endpoint of the trial was to
demonstrate non-inferiority of day 30 post-implant dosimetry. As a
secondary endpoint, the impact of PIPA on clinical workflow efficiency
was also evaluated.
Materials and Methods: 41 consecutive low- and intermediate-risk prostate
cancer patients treated with I-125 LDR monotherapy were accrued into this
single-institution study between 2017 and 2018. Patients were 1:1
randomized to receive treatment planning using PIPA or conventional
manual planning. Pre-implant and day 30 post-implant dosimetric parameters
were evaluated between PIPA and conventional arms. Treatment plan
modifications by the radiation oncologist (RO) were evaluated by computing
the DICE coefficient of the V150% isodose volume between either the PIPA

or the conventional plan and the final approved plan. Additionally, total
planning time was evaluated between both groups.
Results: 21 and 20 patients were treated using the PIPA and conventional
techniques, respectively. Day 30 prostate dosimetry is shown in Fig 1
indicating A) the D90Gy and B) the V100% metrics, no significant
difference was observed between arms. Mean DICE V150% was 0.76 �
0.02 and 0.75 � 0.01 for the conventional and PIPA arms, respectively.
There was a sizeable significant advantage in total planning time for the
PIPA arm (2.38 � 0.96 min) compared to the conventional (43.13 �
58.70 min) technique.
Conclusions: PIPA for prostate LDR brachytherapy has the potential to
offer significant time savings and operational efficiencies while producing
plans that are dosimetrically equivalent to those of an expert dosimetrist.
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Purpose: Radiation induced erectile dysfunction (RiED) remains a
significant problem for patients undergoing radiation therapy (RT) for
prostate cancer. SpaceOAR (Augmenix, Boston MA) hydrogel is placed
in the rectoprostatic space to displace the prostate from the rectum and
has demonstrated to reduce rectal toxicity. SpaceOAR hydrogel patients
receiving EBRT were also more likely to preserve sexual function in a
phase III trial. While the proposed mechanism of this improvement was
via lower mean radiation doses to the penile bulb, both groups of patients
received RT doses below the published dose-tolerances of this structure.
Our hypothesis is that RiED in patients receiving HDR brachytherapy is
mediated primarily through damage to the neurovascular bundles (NVB)
due to the large dose/fraction and proximity of the NVB to the target. We
have observed that placement of SpaceOAR displaces the NVB
posteriorly and laterally, likely Resulting in lower doses to these
structures. MRI-based HDR brachytherapy allows for visualization of the
NVB during treatment planning and we attempt to limit dose to the NVB
when they are not clinically/radiographically involved. The purpose of the
current study is to compare dose characteristics to the NVB in patients
receiving HDR brachytherapy with/without SpaceOAR.
Materials and Methods: From August 2015 to December 2018, 117
unique, consecutive patients with newly diagnosed prostate cancer
received MRI-based HDR brachytherapy boost following EBRT. Patients
excluded from the analysis were those with a prior history pelvic/prostate
radiation therapy and those with neurovascular bundle tumor invasion.
Contours of target and OARs were performed at the time of HDR
brachytherapy planning. All patients received EBRT to the prostate and
seminal vesicles þ/- pelvic lymph nodes to a median dose of 45 Gy
(range: 37.5-50.4 Gy) followed by single-fraction HDR brachytherapy
boost to the prostate (15 Gy). Statistical significance was determined by
an independent sample t-test.
Results: Of 117 identified patients, 59 with SpaceOAR hydrogel implanted,
58 without. Median prostate volume was 39.6 cc in the SpaceOAR patients
and 44.95 cc in those without, p5.525. In patients with/without SpaceOAR,
the median V100% to the prostate was 90.1% and 91.0%, p50.250; median
D90 was 100.1% and 101.3%, p5.354. In patients with/without SpaceOAR,
themedian Rectal1cc was 35.3% vs. 54.6%, p!0.05. In patients with/without
SpaceOAR, the mean NVBLT was 772 cGy vs. 907 cGy (p!0.05). Mean
NVBRT was 780 cGy vs. 899 cGy (p!0.05) with/without SpaceOAR.
Mean NBVcombined was 778 cGy vs. 903 cGy (p!0.05) with/without
SpaceOAR. Mean D0.1cc to NVBLT was 86.8% vs. 90.6% with/without
SpaceOAR, p5.09. Mean D0.1cc to NVBRT was 87.6% vs 90.5%
(p50.15) with/without SpaceOAR and mean D0.1cc to NBVcombined was
92.7% vs. 97.7%, p!0.05. Mean V75% to NVBLT was 12.1% vs. 26.8%
(p!0.05) with/without SpaceOAR. Mean V50% to NVBLT was 56.5%
vs. 69.7% (p!0.05) with/without SpaceOAR. Mean V75% to NVBRT
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14.8% vs. 25.4% (p!0.05) with/without SpaceOAR. Mean V50% to
NVBRT was 57.0% vs 70.0% (p!0.05) with/without SpaceOAR. Mean
V75% to NBVcombined was 15.3% vs. 25.6% (p!0.05) with/without
SpaceOAR and V50% to NBVcombined was 56.3% vs. 70.3% (p!0.05)
with/without SpaceOAR.
Conclusions: In addition to significantly reducing rectal dosimetry,
placement of SpaceOAR hydrogel consistently reduced doses delivered to
the NVB during HDR brachytherapy, supporting our hypothesis. We are
currently correlating NVB dosimetry to post-treatment erectile function to
develop appropriate DVH parameters for NVB-sparing HDR
brachytherapy.
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Purpose: Several options exist for combining external beam radiation
(EBRT) with a brachytherapy boost, yet there is little evidence regarding
the comparative toxicities of these approaches. We sought to evaluate
early urinary toxicity when combining ultrahypofractionated EBRT with a
low dose rate (LDR) or high dose rate (HDR) boost in patients receiving
prostate radiotherapy.
Materials and Methods: Patients treated on a prospective protocol
combining LDR brachytherapy (110 Gy with Pd-103) followed 1 month
later by ultrahypofractionated EBRT (25 Gy in 5 fractions) and patients
treated with HDR brachytherapy (15 Gy in a single fraction) in
combination with the same EBRT fractionation were compared. Patients
were evaluated at 3 months, 6 months, and 12 months. Toxicities were
graded according to CTCAE 3.0. International Prostate Symptom Scores
(IPSS) were filled out by patients at each follow-up and compared to
baseline scores. Student’s T-test was used to compare means and Chi-
squared or Fisher’s Exact Test were used to compare frequencies.
Results: Forty patients received an LDR boost and 44 patients received an
HDR boost. The median age for all patients was 66.4 and was similar for
LDR and HDR cohorts (p50.198). NCCN risk categories differed
between LDR and HDR cohorts, with NCCN favorable intermediate
(28.9% v 11.4%; p50.0938), unfavorable intermediate (76.3% v 38.6%;
p50.0023) and high risk (0.0% v 50.0%; p5!0.0001). More HDR
patients received nodal treatment (36.4% vs. 0.0%; p5!0.0001). The
mean prostate volume was higher for the HDR patients (42.1 cc vs. 34.4;
p50.021). The mean baseline IPSS was also higher for HDR patients (7.1
vs. 5.1; p50.032). HDR patients were more likely to receive androgen
deprivation therapy (63.6% vs. 10.0%; p!0.0001). Baseline IPSS quality
of life score (QoL), use of erectile or urinary medications were not
significantly different. The rate of acute urinary catheterization (within 4

weeks of the brachytherapy) was similar for both cohorts (LDR: 12.5%,
HDR 13.6%, p50.88). At 3 months, mean increase in IPSS and QoL
scores were higher for LDR (n538) compared to HDR (n536) but were
not significantly different, delta IPSS: LDR 3.9 vs. HDR 1.6, p50.15;
delta QoL: LDR 0.44 vs. HDR -0.13, p50.067). At 6 months, the mean
increase in IPSS and QoL scores were also higher for LDR (n539) than
HDR (n521) but were not significantly different, delta IPSS: LDR 2.9 vs.
HDR 0.6, p50.14; delta QoL: LDR 0.0 vs. HDR -0.18, p50.68. At 12
months, mean increase in IPSS and QoL scores were significantly higher
for LDR (n539) compared with HDR (n515), delta IPSS: LDR 4.7
vs.HDR -0.67, p50.03; delta QoL: LDR 2.69 vs. HDR -0.38, p50.04.
The 12-month cumulative incidence of grade 2 genitourinary toxicity was
higher for LDR (30.0% vs 9.1%; p50.02). There was a single grade 3
genitourinary toxicity (more than daily catheterization), which occurred
in the HDR group that resolved by 3 months. More LDR patients
remained on urinary medication at 6 months (80% vs. 44.4%; p50.007),
but this difference was no longer significant at 12 months (62% vs 53%;
p50.58).
Conclusions: In this retrospective analysis, both HDR and LDR
brachytherapy boost combined with ultrahypofractionated EBRT were
associated with acceptable and similar rates of early urinary toxicity. Our
Results suggest that the time to urinary recovery is faster with HDR
compared with LDR in patients undergoing combined modality
radiotherapy.
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Purpose: To commission, evaluate and test clinical workflows for the new
real-time prostate HDR brachytherapy treatment system Uronav Therapy
from InVivo (Philips).
Materials and Methods: The treatment planning (TPS) part of the system
was commissioned based on AAPM TG53 and TG56 recommendations for
the use of TPS in brachytherapy. First, the CIRS - model 045AQA phantom
was used to evaluate the ultrasound (US) image quality and 3D image
handling. Distances, volumes, and dimensions of the structures inside the
phantom were measured and compared to the actual values. The
reproducibility and accuracy of the calibration of the electromagnetic
(EM) sensor used to track the US probe (rotation and translation) were
performed using a specifically designed QA tool mounted on the probe
and immersed in a salted water tank. This was performed for four
different B&K 8848 US probes to evaluate the sensitivity of EM
calibration to the probe geometric properties (manufacturing process).
The dose calculation accuracy for the Ir-192 Flexisource model was
validated by the comparison of the along-away dose table to data from
AAPM/ESTRO 2012 consensus (HEBD group). Finally, using simple
geometry and past clinical cases (30 cases), the new TPS performance
was compared to OncentraBrachy (OcB) V4.5.5 (Elekta) and IPSA.
Following the system commissioning, clinical workflows were explored,
tests were performed with the brachytherapy team on phantoms and
finally implemented in the clinic.
Results: The first clinical version of the Uronav Therapy systemwas proven
to be stable, accurate and precise. 3D US images were found to be accurate
and no distortion were observed. The differences between measured and
expected dimensions (lengths, widths and distances) were smaller than
0.5% and differences in volume smaller than 5%. The calibration of the
EM tracking system showed error smaller than 1.6mm in both the
transverse and sagittal directions. The Flexisource model was evaluated
and along-away normalized dose rate Results from Uronav Therapy were
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compared to AAPM/ESTRO consensus data. Results were in excellent
agreement (&lt 1%) at all points. Dose calculations and optimization
were also compared to the commercial OncentraBrachy (OcB) TPS and
observed differences were smaller than 1.5% except for point located
inside the source. The optimization engine of UroNav Therapy used 27%
more dwell-positions and 3.5% more total treatment time than OcB/IPSA
but showed no significant differences in terms of DVHs and key
dosimetric parameters. Finally, multiple clinical workflows (Fig.1) were
explored and workflow C) proposing minimal disruption from the current
real-time approach was implemented in our clinic for a first-in-men
clinical trial.
Conclusions: This is the first look at the investigational device version of
the Uronav Therapy System that fully integrates electromagnetic (EM)
tracking as part of the workflow for US-guided intra-op HDR prostate
brachytherapy. This work provides an overview of the entire
commissioning process for all the different components of the system
including the EM tracking system. The EM tracking feature of the system
was proven to be accurate, provides real-time positional and angular
information and is further used in automated catheter reconstruction
(evaluated previously). The dose calculations and optimization were
similar to OcB Results. Finally, based on end-to-end testing, an efficient
workflow was implemented for the clinical trial.

Fig. 1: Possible clinical workflows: a) catheter position optimization and

guidance of catheter insertion, b) no catheter position optimization but

with contours delineation drawn on the original US scan, c) fastest work-

flow with no catheter optimization and with contours made on final US

scan.

PRSOR10 Presentation Time: 12:15 PM

The Impact of Dose to Bladder Neck on

Urinary Toxicity in Patients Treated with

HDR Brachytherapy Boost for Prostate

Cancer

Ibtihel Ben aicha, MD1, Lara Hathout, MD2, Damien Carignan, PhD3,

Philippe Despr�es, PhD1,3,4, Marie-Claude Lavall�ee, PhD1, Sylvianne

Aubin, MSC1, Luc Beaulieu, PhD1,3,4, Fr�ed�eric Lacroix, MSC1, William

Foster, MD1, Andr�e-Guy Martin, MD1,3, Eric Vigneault, MD1,3. 1Radio-

oncology, CHU de Qu�ebec Universit�e Laval, Qu�ebec, QC, Canada;
2Rutgers Cancer Institute of New Jersey, New Brunswick, NJ, USA; 3CHU

de Qu�ebec Universit�e Laval Research Center, Qu�ebec, QC, Canada;
4Physique, G�enie Physique et Optique, Universit�e Laval, Qu�ebec, QC,

Canada.

Purpose: To evaluate whether the dose to Bladder Neck is a predictor of
urinary toxicity after High Dose-Rate Brachytherapy (HDRB) for prostate
cancer.
Materials and Methods: Between 2014 and 2015, 174 prostate cancer
patients were treated in our institution and reviewed. They received
External Beam Radiation Therapy (EBRT) and 15 Gy single fraction
HDRB boost for intermediate and high-risk disease according to

D’Amico definition. Afterloading needles were placed under transrectal-
ultrasound guidance under general anesthesia. Intraoperative CT scan-
based inverse treatment planning was performed. The following
structures were prospectively contoured on the CT: prostate, urethra,
rectum, bladder and the bladder neck. The bladder neck is defined as 5
mm around the urethra between the catheter balloon and the prostatic
urethra. While there were Dose constraints to the whole bladder (D1cc,
V75, Dmax), the dose to the bladder neck was only reported and no
constraint was applied. The International Prostate Symptom Score
(IPSS) at 6 weeks and 6 months was used to report acute and late
urinary toxicity, respectively. Common Terminology Criteria for
Adverse Events (CTCAE) v.4 grade 2 and 3 urinary obstruction was
also evaluated. Clinical and dosimetric factors associated with urinary
toxicity were analyzed using multivariate generalized linear model
including pretreatment IPSS, bladder neck D2cc and prostate volume as
covariates.
Results: Mean age and median follow-up were 66.3 years and 31 months,
respectively. The mean pretreatment PSA was 9.93 ng/ml. According to
d’Amico definition 72% of patients were intermediate risk and 28%
high risk. The mean prostate volume was 62.8 cc. The mean
pretreatment, 6 weeks and 6 months IPSS were 7.94, 12.46 and 8.72
respectively. We observed 5 cases (2.8%) of GU obstruction in our
cohort of patients. Pretreatment IPSS was significantly associated with
acute and late urinary toxicity (p ! 0.001). Prostate volume was also
associated with acute (p! 0.001) and late urinary toxicity (p! 0.007).
The dose for the most exposed 2cc (D2cc) of bladder neck was not
correlated with acute (p50.836) or late urinary toxicity (p 50.54).
Furthermore, Bladder neck D2cc was not correlated with urinary
obstruction (p50.437).
Conclusions: The pretreatment IPSS and prostate volumes remained the
only predictors of acute and late urinary toxicity after HDRB boost in our
study. Although Bladder neck D2cc was correlated with acute and late
urinary toxicity after Low-Dose Rate Brachytherapy, bladder neck D2cc
was not associated with urinary toxicity or obstruction after HDRB boost.
These Results could be explained by the inherent advantages of HDRB
technique compared to LDRB. Indeed, HDRB planning provides
multiparametric dose optimization resulting in superior target coverage
and organs at risk sparing such as the bladder. These findings need to be
validated in a larger cohort and in Ultrasound-based HDR planning.
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Purpose: To test the feasibility of focal brachytherapy for prostate cancer ,
we tested the accuracy, sensitivity, specificity , positive and negative
predictive values of our in-house robust MRI and TRUS fusion algorithm
with a previously reported combined average registration error (�std), of
2.56 mm (�1.32 mm).
Materials and Methods: Patients diagnosed with low- to intermediate risk
prostate cancer with a unilateral well localized lesion were referred for
treatment of prostate cancer. The target lesion was contoured on multi-
parametric MRI prior to the procedure and projected on real time intra-
operative TRUS using an in house TRUS-MRI fusion algorithm . Fused
images were exported into Variseed 9 for biopsy and focal brachytherapy
planning. The target lesion was expanded to define a clinical target
volume using the fused images and an additional 0.7 cm safety margin
(Planning Target Volume PTV) added for uncertainty. Repeat control
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trans-perineal biopsies were performed from the target lesion and from a 0.5
cm band surrounding the PTV prior to treatment.
Results: Nine patients were enrolled on this IRB approved study. 47 biopsy
cores were obtained , 19 from the target lesions and 28 surrounding the PTV.
Cancer was detected in all 9 target lesions. All biopsies surrounding the PTV
were free of cancer, except one core containing high grade PIN. The
negative predictive value was 96.3% [CI 95 % 80:99]. The positive
predictive value was 73.7% [CI 95 % 55:86]. The overall accuracy was
87% [CI 95 % 74:95]. Four patients continued to receive a focal
brachytherapy implant covering the PTV with 145 Gy prescription. Four
patients received whole gland implant and one patient received external
beam radiotherapy. At last follow up there were no biochemical or
clinical failure.
Conclusions: The excellent negative predictive value and robust positive
predictive value of control transperineal guided biopsies in this pilot study
establishes both the safety and efficacy of the TRUS MRI workflow for
focal prostate brachytherapy. Larger studies and longer follow-up are
planned to further validate this approach.
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An MRI-Based Nomogram for Palladium

and Iodine Prostate Brachytherapy

Quality Assurance

Alexander N. Hanania, MD, MPH1, Rajat J. Kudchadker, PhD2, Teresa L.

Bruno, CMD2, Mitchell S. Anscher, MD2, Chad Tang, MD2, Steven J.

Frank, MD2. 1Radiation Oncology, Baylor College of Medicine, Houston,

TX, USA; 2Radiation Oncology, University of Texas MD Anderson Cancer

Center, Houston, TX, USA.

Purpose: While the dose prescribed for permanent seed, prostate
brachytherapy has been standardized, the amount of activity per volume
can vary significantly with ultrasound-based planning, potentially
Resulting in compromised clinical outcomes. We hypothesized that MR-
planned, low-dose rate (LDR) prostate brachytherapy (BT) with
Palladium-103 (103Pd) and Iodine-125 (125I) results in a decrease in
activity-to-volume ratio, given the ability to spare the external urinary
sphincter (EUS) and reduce planning target volume (PTV) margins.
Further, because MR post-implant dosimetry (day zero, D0) provides
well-defined prostate boundaries, we expected greater deviations between
pre-planned and D0 dosimetry compared to U/S planning. Based on
institutional experience, we developed an activity nomogram for MR-
planned prostate brachytherapy to improve quality assurance through a
secondary dosimetric check.
Materials and Methods: Patients undergoing MRI-assisted radiosurgery
(MARS) prostate brachytherapy at our institution were selected for this
study. All cases were planned with a stranded-seed, modified uniform
(103Pd) and modified-peripheral (125I) loading implant technique with
MIM treatment planning system (MIM Software Inc., Cleveland, OH).
Doses prescribed up to a 2mm PTV with no expansion posteriorly were
125Gy for 103Pd monotherapy, 90Gy for 103Pd boost and 144Gy for 125I
monotherapy with a seed activity in air kerma strength (U) of 2.457U,
1.939U and 0.497U, respectively. Pre-planning target values included
V100O 95% and D90O prescribed dose. Planned activity (U) was fitted
by MR-prostate volume (cc) via simple linear regression. R2 was
evaluated for goodness of fit. The Resulting monotherapy nomograms
were compared to historic U/S-based nomograms utilizing an F-test.
Additionally, we evaluated V100 and D90 between planned and D0
dosimetry for our patients treated with MARS and compared these
differences to a U/S cohort of 300 patients from our recently published
prospective trial (Frank et al, IJROBP 2018).
Results: 188 patients were treated with MARS prostate brachytherapy at
our institution from 5/2016 to 9/2018, of these, 146 patients received
103Pd (102 monotherapy, 44 boost) and 42 received I125 monotherapy.
Median prostate volume was 28cc (IQR: 22-35cc). Median activity
planned was 172U (IQR: 152-197U), 116U (IQR: 93-140) and 38U (IQR:
32-44U) for 103Pd monotherapy, 103Pd boost and 125I monotherapy,
respectively. Lines of best fit for implant activity were U 5
4.344*(Vol) þ 54.13 (R2: 95%) for 103Pd monotherapy, U 5

3.202(Vol) þ 39.72 (R2: 96%) for 103Pd boost and U 5 0.635(Vol) þ
14.36 (R2: 89%) for 125I monotherapy. Compared to U/S-planned, MR-
planned nomograms had lower activity per volume (p!0.05) for both
103Pd monotherapy (~6%) and 125I monotherapy (~11%) given a median
size (30cc) prostate (Figure 1). Median V100 and D90 differences
(planned - D0) were 5%, 34Gy for MARS versus 3%, 23Gy for U/S (p!
0.0001).
Conclusions: We developed a quality assurance nomogram for planning
MR-based prostate brachytherapy. This clinical tool provides a second
dosimetric check during the planning process with 103Pd Monotherapy,
103Pd Boost and 125I Monotherapy. Nomograms for MR-planned
monotherapy were lower in terms of activity to prostate volume ratio
when compared to U/S-planned, likely secondary to EUS sparing and
smaller PTV margins. Further, the ability of MR to clearly identify
prostate boundaries despite post-implant edema likely accounts for the
significantly greater decreases seen in V100 and D90 on D0. Longer
follow-up is necessary to assess the clinical implications of lower activity
implants.

PROSTATE EPOSTER

PO001

The Ratio of the Number of Biopsy

Specimens to Prostate Volume (Biopsy

Density)O 1.5 Improves the Detection of

Clinically Significant Cancers in Men

Undergoing Transperineal Biopsy of the

Prostate

Nelson N. Stone, MD1, E. David Crawford, MD2, Vassilios Skouteris, MD3,

M. Scott Lucia, MD4, Francisco G. La Rosa, MD4, Priya Werahera, PhD4,

Paul Arangua, BA5. 1Urology, The Icahn School of Medicine at Mount

Sinai, New York, NY, USA; 2Urology, University of Colorado Health
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Sciences Center, Aurora, CO, USA; 3Brachytherapy Center, Hygeia

Hospital, Athens, Greece; 4Pathology, The University of Colorado Health

Sciences Center, Aurora, CO, USA; 5Urology, The University of Colorado

Health Sciences Center, Aurora, CO, USA.

Purpose: Template-guided transperineal mapping biopsy (TPMB) removes
a larger number of biopsy cores when taken at each 5 mm intervals. We
investigated the number of biopsy cores required at TPMB to optimize
the detection of prostate cancer and clinically significant disease (csPCA).
Materials and Methods: 436 men underwent TPMB in the OR where
biopsies were taken through a perineal grid at 5mm intervals. Sagittal
lengths longer than 20 mm were biopsied in-line. The thoroughness of the
TPMB was physician dependent. Prostate volume (PV) was determined at
the time of TPMB. Each biopsy core was individually processed and the
‘‘biopsy density (BD)’’ was calculated by dividing the total number of
cores retrieved by the PV. Associations between cancer diagnosis and
csPCa with PSA, PSAD and BD was tested by ANOVA with bootstrap,
and chi-square tests. Regression analysis was used to determine which
factors were associated with a þTPMB and GS7 or higher.
Results: The mean age, PSA number of cores, positive cores (PC) and BD
were 65 years, 59.4 (range 16-151), 6.5 (range 1-37) and 1.46 (range 0.39-
3.67). 299/436 (68.6%) had a þTPMB. The mean BD for a þTMPB was
1.61 vs. 1.14 for a negative one (p!0.001). þTPMB versus -TPBM for PSA
# 10 andO 10 ng/ml were associated with a BD of 1.62 vs. 1.16 (p!0.001)
and 1.52 vs. 1.02 (p50.002), respectively. BD cut points of # 0.5,O0.5-1.0,
O1.0-1.5 andO1.5 were associated with a þTPMB in 25%, 37.4%, 70.7%
and 84.9% (p!0.001). Dichotomizing BD to # 1.5 vsO 1.5 demonstrated
a þTPMB of 56.4% vs. 84.9% (OR 1.5, 95%CI 1.3-1.7, p!0.001). There
was no difference in the number of þcores based on BD. GS6 was
diagnosed slightly more with a greater BD: 61.6 vs. 50.4% (p50.073).
However, the number of þcores was greater in the men with higher BD: 4.9
vs. 3.6 (p50.036) suggesting that a BDO 1.5 improves the diagnosis of high
volume GS6 disease. Regression analysis for þTPMB demonstrated as
significant PSA (p!0.001), PSAD (p !0.001) and BD (p!0.001) and for
GS7þ disease age (p50.005) and PSA (p50.053) and BD (p50.012).
Conclusions: Abiopsy density of at least 1.5 specimens per cc. of PVincreases
the diagnosis of prostate cancer by 1.5 times. A higher BD finds more csGS
disease and while it also finds more GS6 cancers, these are at higher volume
and may not be good candidates for active surveillance. A BD $ 1.5 should
be considered the standard when performing TPMB to maximize prostate
cancer diagnosis and the detection of clinically significant disease

PO002

MRI-Guided Focal HDR Brachytherapy

as Monotherapy for Prostate Cancer:

Early Feasibility and Quality of Life

Study

Lisa Joseph, MBChB FRCR, Peter Chung, MBChB FRCPC, Joelle Helou,

MD MsC, Andrew Bayley, MD FRCPC, Charles Catton, MD FRCPC,

Padraig Warde, MBChB FRCPC, Bernadeth Lao, BSc, Alexandra Rink,

PHD MCCPM, Akbar Beiki-Ardakani, PhD MCCPM, Jette Borg, PhD

MCCPM, Robert Weersink, PhD MCCPM, Alejandro Berlin, MD MSc..

Princess Margaret Cancer Centre, Toronto, ON, Canada.

Purpose: Brachytherapy (BT) is a highly effective treatment for localized
PCa, traditionally delivered to the whole-gland as monotherapy or
combined boost. High dose-rate (HDR) monotherapy efficacy appears
comparable to well-established low dose-rate (LDR) BT for low- and
intermediate-risk PCa. In recent years, there has been growing interest in
focal treatment modalities (e.g cryotherapy, HIFU), seeking to improve
normal-tissue preservation, consequently aiming to reduce adverse effects
compared to whole-gland approaches. However, focal BT approaches
remain underexplored in the HDR monotherapy setting. We aim to evaluate
the clinical Results of focal HDR BT for well-defined intraprostatic disease
based on multiparametric MRI (mpMRI). We report our preliminary
experience of MRI-guided focal HDR monotherapy for PCa.
Materials and Methods: This is a prospective feasibility study. Eligibility
was histologically proven low- and favorable intermediate-risk prostate

cancer, with up to 2 distinct lesions on mpMRI involving no more than a
third of the prostate volume. Also, ECOG performance status 0-2, baseline
IPSS!18,prostate gland size!80cc, and absence of metastatic disease on
conventional imaging. All patients were treated with MR-guided HDR BT
to a total dose of 33-36Gy to tumor-PTV alone in 2 sessions 7-14 days
apart. The GTV was defined using mpMRI (T2-w, DWI, and DCE
sequences). CTV margin expansion (7mm craniocaudal and 5 mm in all
other directions) was restricted to adjacent organs at risk and cropped to
the prostate boundary. PTV margins of 2 mm cranio-caudally were then
applied. No patient received neoadjuvant, concomitant or adjuvant
hormonal therapy. Patients were followed up with regular PSA, and
mpMRI performed at 12 and 24 months after BT. Systematic and targeted
MR-guided biopsies were performed at 2 years to assess local control.
Toxicity and quality-of-life (QOL) were measured using CTCAE v4.0 and
Expanded Prostate cancer Index Composite (EPIC-26) respectively.
Results: A total of 8 patients (median age 68, range 63-79) have been treated
to date, and followed for a median of 13.9 months (0.8-24.8). Median PSA
pre-treatment was 5.94 ng/mL (2.84-9.98). One patient had Gleason 3þ3,
and the remainder had Gleason 3þ4 disease on diagnostic systematic
biopsies. Between 6-9 catheters were used per implant. Median PTV
volume was 7.3cc (6-15.2). Median D95 to PTV was 18.7Gy (16.6 - 20.6),
corresponding with a D99 to GTVof 21.84Gy (18.9 - 28.9). Median D2cc
to rectum was 8Gy (6.2 - 10.2), D0.5cc to rectum, bladder and urethra
were 11.3Gy (7.7-14.1) 5.9Gy (3.9-12) and 9.1Gy (4.6-12.1) respectively.
There were no Grade 3/4 adverse events observed during follow-up. There
was a statistically significant decline in EPIC genitourinary domain sum
scores at 1 month (p 5 0.0074) and sexual domain at 12 months (p 5
0.0065). However, no significant differences in genitourinary,
gastrointestinal or sexual domain scores were observed at any other time-
point compared to baseline (Fig. 1). A minimally important difference of
O10 points in EPIC sum scores compared to baseline were only recorded
by 2 patients in the sexual domain at 6 and 12 months.
Conclusions: MR-guided focal HDR brachytherapy is feasible, allowing
the delivery of highly ablative doses to mpMRI-defined tumors with
lower doses to surrounding OAR compared to conventional whole-gland
HDR monotherapy. Preliminary toxicity and patient-reported outcome
measures are encouraging. Further follow-up is required to evaluate the
long-term oncologic, toxicity and patient-reported outcomes of this BT
focal approach.

PO003

Development of a Novel Prostate Phantom

for MRI-Fusion Imaging, Transrectal and

Transperineal Biopsy, and Brachytherapy

Training

Michael P. Wilson, PhD1, Jonathan J. Stone, MD1, Nelson N. Stone, MD2.
1Simulated Inanimate Models LLC, Rochester, NY, USA; 23D Biopsy, Inc.,

Aurora, CO, USA.

Purpose: Physical phantoms are key components of medical education,
including training for prostate brachytherapy, MRI-fusion biopsy, and
other core urological procedures. Currently, available prostate phantoms
exhibit numerous shortcomings: biomechanical behavior and ultrasound
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imaging are often unrealistic, anatomy is inaccurate, and there is a general
lack of compatibility with MRI imaging and fusion systems. Furthermore,
expensive prices discourage widespread utilization amongst training
centers. We sought to engineer a novel prostate phantom with increased
realism and functionality in order to enhance clinician training.
Materials and Methods: 3D printing and injection molding techniques
were used to engineer a phantom composed of a water-based hydrogel
Material. The hydrogel concentration and cross-linking parameters were
chosen to provide the desired imaging characteristics and biomechanical
properties. Medical-grade ultrasound, MRI, and CT imaging systems were
used to validate radiologic appearance. A mechanical testing system was
used to measure hydrogel elasticity using uniaxial compression and
ensure that the hydrogel had similar stiffness to human prostate tissue. To
demonstrate clinical validation, clinicians that used the prostate phantom
were surveyed with questions that pertained to the biomechanical and
imaging realism of the phantom as well as its usefulness for training.
Results: We constructed a hydrogel prostate phantom containing a 45.2 cc
prostate that includes internal simulated malignant lesions. We successfully
identified chemical mixtures that generated realistic imaging properties;
specifically, an ultrasound image with hyperechoic prostate and
hypoechoic internal lesions. MRI and CT scanners were used to confirm
biomedical imaging compatibility for brachytherapy (Figure 1A-B) and
targeted biopsy (Figure 1C-D). We constructed several iterations of the
phantoms, with each successive design incorporating firsthand feedback
from clinicians to make improvements in prostate size, shape, imaging
characteristics, usability features, and various anatomical elements. Ten
initial prototypes were assessed for training with transperineal mapping
biopsy. Twenty units of a second iteration were assessed at The Real-
Time Interactive Prostate Brachytherapy workshop at Mount Sinai. This
clinical feedback was incorporated into the third prostate phantom
iteration, twelve units of which were assessed at ABS-MD Anderson
Winter Prostate and GYN School and Prostate LDR/HDR Workshop.
Survey Results found that 100% of participants agreed the prostate
phantom had realistic ultrasound imaging, is easy to use, is an ideal
teaching tool and improves technical skills required for the respective
procedure. Eighty percent (80%) of participants agreed the phantom
replicated relevant anatomy, and 60% agreed the hydrogel material has
realistic biomechanical behavior and appearance.
Conclusions: We have engineered a new prostate phantom to enable
efficient clinical training for brachytherapy procedures, MRI-fusion
biopsy, and other relevant urological procedures. Future work will focus

on enhancing the realism and usability of our prostate phantom, as well
as conducting further clinical validation in order to deliver a superior
training experience.

PO005

Implementation of HDR Brachytherapy

for Prostate Cancer in an Unshielded

Operating Room Facility

Kundan Thind, PhD1,2, Elizabeth Watt, PhD1,2, Nathan Wolfe, BSc2, Tyler

Meyer, PhD1,2, Siraj Husain, MD1,2. 1University of Calgary, Calgary, AB,

Canada; 2Tom Baker Cancer Centre, Calgary, AB, Canada.

Purpose: Transrectal ultrasound (TRUS) based high dose rate (HDR)
brachytherapy has been used increasingly towards the treatment of
intermediate- and high-risk prostate cancer patients. Compared to the
lose dose rate (LDR) treatment option, it offers more conformal
treatment planning alongside the radiobiological advantage due to low a/
b ratio of the prostate cancer cells. Additionally, it uses fewer resources
compared to the LDR treatment regimen. Implementation of this
technique traditionally requires a shielded operating room (OR) such that
the radiation dose can be delivered immediately following surgical
implant of the catheters. Unsurprisingly, lack of a shielded OR has been
the barrier for adoption of this technique for a large proportion of the
institutions. Many of these medium to large sized centres have an
unshielded OR and HDR resources such as a shielded delivery room and
afterloader already in place for treatment of gynecological cancers.
Implementation of HDR prostate brachytherapy at such facilities requires
several modifications to the existing processes, acquisition of additional
procedural equipment as well as introduction of additional checklists to
ensure high quality patient treatments. We describe our approach towards
this implementation at Tom Baker Cancer Centre with short term follow-
up Results below.
Materials and Methods: Our treatment planning approach comprised of a
pre-treatment 3D-TRUS imageset that was used to guide the catheter
distribution and a subsequent 3D-TRUSimageset acquired post catheter
implantation that was used for generation of the treatment plan.
Completion of above steps in the unshielded OR followed movement of
the patient to a distant shielded delivery room and post-move patient
anatomy verification required three vital components for implementation
process: 1) OR table capable of transporting the patient in lithotomy
position; 2) Remote monitoring of patient vitals while under anesthesia in
the delivery room; 3) Checks to ensure a robust motion management
strategy in place to ensure anatomical reproducibility in the shielded
delivery room compared to initial position for TRUS based treatment
plan. The first requirement was initially solved using Zephyr HDR (Orfit
Industries, Wijnegem, Belgium), and was iteratively improved through
the use of QA4 Surgical Stretcher (Meditek, Winnipeg, Canada).
Requirement of remote monitoring of patient under spinal anesthesia was
fulfilled by monitoring using Carescape 650 (GE Healthcare, Little
Chalfont, UK) inside the delivery room as well as a slave monitor at the
HDR treatment console for continuous surveillance by an anesthetist. The
last requirement was satisfied with the use of a robust checklist that
included base plane accuracy as well as acquisition of additional
imagesets. The full checklist is attached in figure 1.
Results: We have treated 26 patients with the above approach. We have
found good stability of the catheter distribution when re-imaging the
prostate in the shielded delivery room, with the majority of patients
displaying 2-3mm of posterior translation that was corrected by shifting
the TRUS probe anteriorly. A thorough time analysis revealed that the
patient transfer, all requisite QA, and catheter connections for the
procedure took approximately 16 minutes. This reflects additional time
required for this procedure compared to shielded OR facility. Short term
follow up has shown low urinary complications with the American
Urological Association score range of 0-5 compared to baseline at 4- and
12-weeks post treatment in addition to a lack of bowel complications.
Conclusions: We have demonstrated implementation of HDR
brachytherapy for prostate cancer in an unshielded OR facility design
with a distant shielded delivery room. This process implementation
requires rigorous motion management checks as well as procurement of
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supplementary procedural equipment. Short term follow-up had
demonstrated excellent clinical acceptance.

PO006

In Intermediate Risk Prostate Cancer

Absolute Percentage of Biopsied Tissue Positive for

Gleason Pattern 4 Disease (APP4) Appears

Predictive of Disease Control after High Dose Rate

Prostate Brachytherapy and External Beam Radiotherapy

Kevin Martell, M.D.1, Lucas Mendez, M.D.2, Hans Chung, M.D.1, Liying

Zhang, Ph.D.1, Chia-Lin Tseng, M.D.1, Yasir Alayed, M.D.1, Liu Stan,

M.D.1, Danny Vesprini, M.D.1, William Chu, M.D.1, Moti Paudel, Ph.D.1,

Ewa Szumacher, M.D.1, Ananth Ravi, Ph.D.1, Andrew Loblaw, M.D.1,

Gerard Morton, M.D.1. 1Radiation Oncology, Sunnybrook Health Sciences

Centre, Toronto, ON, Canada; 2Oncology, University of Western Ontario,

University of Western Ontario, ON, Canada.

Purpose: In intermediate risk prostate cancer (IR-PCa), a high overall
volume of Gleason pattern 4 disease can be classified as Grade Group
(GG) 2 disease if a higher percentage of pattern 3 disease is encountered
on biopsy. Similarly, a low overall volume of pattern 4 PCa can be
classified as GG 3 disease. Acknowledging this discrepancy in the current
grading system, this study aimed to identify if the absolute percentage of
biopsied tissue positive for pattern 4 disease (APP4) may be a predictor
of outcome.
Materials and Methods: A retrospective chart review was performed on
546 patients with IR-PCa who received treatment with real-time
(Oncentra Prostate) 15Gy HDR brachytherapy boost followed by external
beam radiation of 37.5Gy in 15 fractions between 2009 and 2016. For all
patients with pathologic data available, APP4 was calculated as (% of
biopsy tissue positive for disease) x (percentage of disease that is pattern
4)/100%. A receiver operating characteristic curve analysis was
performed and Youden’s J index used to determine an optimal cutpoint of
APP4 for each of three outcomes: biochemical failure (BF), androgen
deprivation use for BF (ADT-BF) and development of metastases (MD).
Multivariable competing risk analysis for each of the three outcomes was
then performed using Fine and Gray’s method, first on the cohort using
GG and then using the respective APP4 cutpoints. Covariates included in
the models were ln(PSA) (used to normalize the distribution), clinical
stage, age, neoadjuvant or adjuvant ADT use and prostate V100%.
Results: 411 patients had complete pathologic information and were
included in this analysis. Median follow-up for the cohort was 5.2 (Inter
Quartile Range: 2.9-6.6) years. Median age was 66 (61-71) years. Median
baseline PSA was 7.3 (5.3-9.8)ng/mL. 234 (56.9%) patients had T1 and
177 (43.1%) had T2 disease. 287 (69.8%) had GG 2 and 124 (30.2%) had
GG 3 disease. Median APP4 was 2.00 (0.75-7.50)%. 71 (18.2%) patients
had ADT use for a median of 6 (3-6) months pre-treatment for gland
volume reduction. Median Prostate V100% was 96.7 (95.8-97.3)%. In
total, 38 (9.3%) patients experienced BF. 17 (4.1%) received ADT-BF and

8 (2.0%) developed MD. The cutpoint of APP4 for developing BF was
3.3% with an area under the curve (AUC) of 0.66 (95% confidence
interval (CI): 0.57-0.76). The ADT-BF cutpoint was 6.6% with an AUC
of 0.72 (0.59-0.84) and the MD cutpoint was 17.5% with an AUC of 0.86
(0.74-0.98). In competing risk analysis using GG, only ln(PSA) was
predictive of BF (hazard ratio (HR): 3.0, 95% CI: 1.3-7.0; p50.011) and
ADT-BF (HR 5.6, 1.9-17.1; p50.002). Only GG was predictive of MD
(HR 6.0, 1.1-31.2; p50.034). When this analysis was repeated using
APP4O3.3 vs #3.3, only ln(PSA) (HR 2.5, 1.1-6.1; p50.037) and APP4
(HR 2.3, 1.1-4.7; p50.031) were predictive of BF. Using APP4O6.6 vs
#6.6, only ln(PSA) (HR 4.2, 1.4-12.4; p50.010) and APP4 (HR 3.7, 1.4-
10.0; p50.009) were predictive of ADT-BF. Finally, using APP4 O17.5
vs #17.5, only APP4 (HR 25.7, 4.9-135.3; p!0.001) was predictive of
MD. Cumulative incidence of MD by APP4 is shown in Figure 1.

Conclusions: In this analysis, APP4 cutpoints of O3.3%, O6.6% and
O17.5% were strongly associated with increased risk of BF, ADT-BF and
developing MD respectively. Although these findings are preliminary and
require validation in an external cohort, they may inform future practice
when treating patients with IR-PCa.

PO007

A Dosimetric Evaluation of The ‘‘Ideal’’

Urethral Constraint for High-Dose-Rate

Prostate Brachytherapy

Mitchell Kamrava, MD, John DeMarco, PhD, Howard Sandler, MD,

Tiffany Phillips, PhD. Cedars Sinai Medical Center, Los Angeles, CA,

USA.

Purpose: The ABS consensus guidelines for high-dose-rate (HDR)
prostate brachytherapy (Yamada Y et al, Brachytherapy 11 (2012))
suggest 11 different dose constraints for the urethra. Data from RTOG
0321 (Hsu I et al, PRO 4 (2014)) suggests that various doses along
the urethra dose volume histogram (DVH) correlate with genitourinary
(GU) adverse events. The Purpose of this study is to evaluate whether
a single urethral constraint of D0.1cc ! 110% could meet all the other
proposed ABS urethral constraints and to evaluate the heterogeneity/
similarities of other portions of the DVH when only optimizing to a
single constraint.
Materials and Methods: This was a retrospective study of 18
consecutively treated HDR prostate brachytherapy patients (9 combined
with external beam (combo), 9 monotherapy (mono)) between 5/2018-11/
2018. Mean (SD) patient age was 69 (6), PSA was 20 ng/mL (37), and 11
were cT1c while the remaining 7 were T2 or higher. The number with
Gleason score 6-7 or 8-10 disease was: 8 and 10. All patients were treated
with ultrasound-based catheter insertion using a template based freehand
technique (18 catheters) followed by CT-based planning (2.5 mm slices).
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2 patients had absorbable hydrogel placed at the time of brachytherapy. The
dose for combo was 15 Gy x 1 and for mono was 13.5 Gy x 2 (delivered in
one implant over two days). For the Purposes of this study the prescription
for the mono patients was changed to 15 Gy to standardize the dose between
all cases. The clinical target volume (CTV) was the prostate and proximal
seminal vesicles with no additional margin. All patients were planned
using inverse planning followed by manual optimization with Eclipse
software (version 13.7). The urethra was defined using a 0.6 mm diameter
brush contoured over an 18F Foley catheter. The whole urethra contour
extended 7.5 mm (3 CT slices) below the inferior most prostate contour
and superiorly was contoured to include 7.5 mm (3 CT slices) above
where the urethra entered the bladder neck. The proximal urethra was
defined as the superior 3 CT slices of the urethra, distal urethra as the
inferior most 3 CT slices, and the mid urethra as the remaining CT slices.
The following whole urethra values, with the institution source of the
constraint in parenthesis, were extracted from the DVH: !120%
prescription (MSKCC), V125 !1cc and V15050 cc (UCSF), V100 !
90% of prescription and V115 !1% of prescription (WBH), !125% of
prescription (TCC),!110% of prescription (GW), D10!118% and Max!
125% (Toronto), 120% (combo) and 110% (mono) (UCLA). Additional
DVH values were extracted for the whole, proximal, mid, and distal
urethra (V16 (fractional volume of urethra covered by 16 Gy expressed as
a percent of prescription), V14, V12, V10, V8, V6, V4, V2) and
compared for differences.
Results: The mean (SD) CTV volume was 51 cc (15). The mean (SD) CTV
D90, V100, V150, V200 were: 106 (1), 96 (1), 27 (4), and 9 (2). The mean
(SD) D0.1cc whole urethra dose was 105% (1). None of the other ABS
suggested constraints were violated when optimizing the urethra D0.1 cc
dose to be less than 110% of the prescription. An evaluation of the DVHs
for the whole, mid, proximal, and distal urethra are presented in the figure
below. There is large variation in the shape of the remainder of the DVH
for all parts of the urethra. The largest standard deviations in dose to the
whole, mid, proximal, and distal urethra were seen at the V14 dose level
(11.4), V14 dose level (20.9), V10 dose level (27), and V10 dose level
(28), respectively.
Conclusions: A single dose constraint of D0.1 cc to the urethra of!110%
of the prescription can meet all the ABS proposed constraints. Moving
towards a unified single constraint could improve consistency between
practitioners. There is high variability in other parts of the urethra DVH
when only using a single constraint. Additional data is needed to
determine ideal constraints for the entirety of the urethra DVH.

PO008

Quality of Life after Prostate Cancer

Treatment Comparison between Robot

Assisted Radical Prostatectomy and

Brachytherapy

Ken Nakamura, MD1, Shin Koike, MD1, Noriaki Santo, MD1, Ryo

Yabusaki, MD1, Keisuke Aoki, MD1, Kastura Ishioka, MD1, Yasuto Yagi,

MD1, Choichiro Ozu, MD1, Toru Nishiyama, MD1, Kazuhito Toya, MD2,

Atunori Yorozu, MD3, Shiro Saito, MD1. 1Urology, National Hospital

Organization Tokyo Medical Center, Tokyo, Japan; 2Radiation Oncology,

International University of Health and Welfare Mita Hospital, Tokyo,

Japan; 3Radiation Oncology, National Hospital Organization Tokyo

Medical Center, Tokyo, Japan.

Background: Health-related quality of life (HRQOL) after the treatment
must be one of the most important factor for the prostate cancer (PCa)
patients for deciding treatment options. Objective of this study is to
compare HRQOL of patients who underwent mono treatment of
permanent seed implant brachytherapy (BT alone) or robot assisted
radical prostatectomy (RARP) as their initial curative treatment.
Materials and Methods: From October 2013 to August 2015, 563 patients
with localized prostate cancer were treated with radiation therapy or surgery
at Tokyo Medical Center. Of those, 194 patients received BT alone, 226
patients received BT combined with EBRT, 42 patients received intensity
modulated radiation therapy (IMRT) and 101 patients received RARP.
Expanded Prostate Cancer Index Composite (EPIC) was used to
investigate HRQOL (function and bother for urinary, bowel, sexual and
hormonal domains), and those of BT alone and RARP were compared. In
assessments of sexual and hormonal domains, patients who received neo-
adjuvant hormonal therapy were excluded. According to our protocol,
none of them have received adjuvant hormone therapy.
Results: The initial median PSA and prostate biopsy positive core rate of the
BT alone group was 6.2ng/ml (range 2.4-12.3) and 17% (range 5-50),
respectively. Cases treated with RARP had statistically higher initial PSA
(median PSA 8.9 ng/ml, range 3.5-23.7, p!0.0001) and positive core rate
(median 28%, range 2-100, p!0.0001). Gleason score of BT alone group
was &6: 114(58.8%), 7: 80(41.2%), 8&: 0(0%), and RARP group was
&6: 46(45.5%), 7: 48(47.5%), 8&: 7(6.9%). Clinical stage of BT alone
group was T1c: 129(66.5%), T2: 65(33.5%), T3: 0(0%), RARP group was
T1c: 67(66.3%), T2: 31(30.7%), T3: 3(3.0%). Cases treated with BT alone
had better QOL for urinary function, incontinence, and sexual function
compared with RARP and it continued for 36-month. BT alone caused
urinary bother for irritative and obstructive symptoms, immediately after
the treatment, but recovered gradually and became almost same score with
RARP at 36-month. Similarly, bowel function and bother scores
immediately after the treatment of BT were worse than RARP, but the
scores became similar with RARP at 24-month. Sexual bother and
domains of hormonal function and bother were exactly same in both groups.
Conclusion: This study revealed that advantages of BTare lower incidence
of urinary and sexual dysfunction compared with RARP. However, urinary
irritation, obstruction, and bowel symptoms of BT were worse than RARP
right after the treatment, but they gradually recovered and became almost
equal before 36-month.

PO009

MRI-Only Post Implant Dosimetry

Process for Prostate LDR Brachytherapy

Reyhaneh Nosrati, PhD Candidate1,2,

Ana Pejovi�c-Mili�c, PhD1, Hans Chung, MD, FFRRCSI3, Greg Stanisz,

PhD2,4, Gerard Morton, MD, FFRRCSI5,6. 1Biomedical Physics, Ryerson

University, Toronto, ON, Canada; 2Physical Sciences Platform, Sunnbrok

Research Institute, Toronto, ON, Canada; 3Sunnybrook Health Sciences

Centre, Toronto, ON, Canada; 4Medical Biophysics, University of Toronto,

Toronto, ON, Canada; 5Radiation Oncology, Sunnybrook Health Sciences

Centre, Toronto, ON, Canada; 6Radiation Oncology, University of

Toronto, Toronto, ON, Canada.
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Purpose: To investigate the feasibility of an automated MRI-based
workflow for post-implant dosimetry of prostate Low-Dose-Rate (LDR)
brachytherapy. We studied the feasibility of an automated MRI-only
workflow for seed visualization, seed localization and prostate
segmentation in patients.
Materials and Methods: The proposed MRI-based workflow is shown in
Figure 1.a. Two patients participated in this study. The first patient
received standard whole gland brachytherapy with 78 implanted stranded
seeds (I-125, IsoAid AdvantageTM). The second was a participant in a
phase I/II clinical trial of focal brachytherapy with 24 stranded seeds
implanted in the MR defined Dominant Intraprostatic Lesion (DIL). One
month following seed implantation, both patients were scanned on a 3T
Philips (Ingenia) MR scanner using a 3D multi-echo gradient recalled
echo (GRE) sequence with 1mm3 isotropic resolution. The MR
acquisition time was approximately 10 minutes for a FOV of
25x25x10cm3. To correct any patient/seed induced distortions in the MR
image, the magnetic field map was estimated then image distortions were
calculated and corrected in k-space domain. Following distortion
corrections Quantitative Susceptibility Mapping (QSM) was performed to
generate positive contrast for the seeds. An unsupervised machine
learning (ML) algorithms (DBSCAN and K-medoids clustering) were
used for seed localization. The estimated seed positions by the proposed
pipeline were compared to the output of the clinical CT-based seed finder
(MIM Symphony DxTM). To analyze the dosimetric effect of the
estimated MR-based vs. the CT-based seed positions, DVH parameters
including D100, D90 and D2cc rectum were compared. Prostate
segmentation on T2-weighted images was performed using supervised
ML algorithms based on convolutional neural network (CNN-UNET).
The network was trained using the PROMISE challenge dataset. The Dice
similarity coefficient (DSC) was used to assess the quality of the
segmentation.
Results: Figure 1.b shows the calculated distortion map in one random
prostate slice of the LDR patient; a maximum distortion of 0.8mm was
observed in the vicinity of the seeds. As shown in Figure 1.c-g the
proposed MRI-based algorithm generated positive contrast for the seeds
with high spatial resolution which is critical for non-spaced/nearby seeds’
localization. All the implanted seeds in both patients were correctly
identified (Figure 1.h); The maximum and average distance between MR
and CT-derived seed positions were 2.4 mm and 0.8 � 1.7 mm
respectively. There was no significant difference between MR and CT-
based DVH parameters; the percentage difference between MR and CT-
derived D90, D100 and D2cc rectum were 0.9%, 0.6% and 1.1%
respectively. Figure 1.e shows a sample comparison between the manual
prostate contour vs. the proposed automated segmentation. The proposed
segmentation algorithm segmented the prostate with an overall average
DSC of 0.84.
Conclusions: This study suggests that the proposed MR-based pipeline has
great potential to replace the conventional CT-based or CT-MRI methods to
achieve both superior soft tissue contrast as well as accurate seed
localization. The feasibility of the proposed MR-based workflow is
currently being evaluated on a large cohort of LDR patients.

PO010

3D Printing-Based Prostate Phantom for

Ultrasound-Guided Interstitial HDR

Brachytherapy Training Program

Tsuicheng D. Chiu, Ph.D., David Parsons, Ph.D., Michael Folkert, M.D.,

Ph.D., Paul Medin, Ph.D., Brian Hrycushko, Ph.D. UT Southwestern

Medical Center, Dallas, TX, USA.

Purpose: This study proposes a cost effective prostate phantom to provide a
better training opportunity to improve procedure proficiency, efficiency and
insertion accuracy for ultrasound based HDR brachytherapy.Interstitial
prostate brachytherapy requires sufficient experience for high quality
implants and smooth operation. To improve needle insertion skills and
become more familiar with the procedure workflow and equipment
handling, practice is necessary. To assist trainees, a cost effective prostate
phantom is desired. This study proposes a fabrication workflow to create
a low-cost in-house prostate phantom by using 3D printing technology.
Materials and Methods: The phantom was designed in AutoDesk 123D
Design software. The components were fabricated using a MakertBot Z18
3D printer (precision up to 11 microns). Two Materials were used to cast
the phantom - silicon (Smooth-on EcoFlex 00-30) and water based
gelatin. Four major components were designed - prostate, rectum, urethra
and seminal vesicles. Urethra and seminal vesicles were fabricated in
silicon with and without 1% fine amethyst stone powder. The prostate and
rectum were fabricated using 12% gelatin and 4% agar per 100 cc water
to have 1543�11 m/s acoustical wave velocity. A 5% gelatin and 2% agar
mixture represents surrounding tissue having 1510�4 m/s velocity. The
casting procedure is as follows: a) casting urethra and seminal vesicles
with silicon in 3D printed molds, b) casting rectum with seminal vesicles
in phantom container and prostate with urethra embedded inside prostate
molds, and c) placing the prostate and urethra in the phantom container
and filling with background gelatin.
Results: The phantom was scanned with a bk3000 ultrasound system with
E14CL4b rectal transducer in 6 MHz. The urethra shows as hypointense
with the prostate and rectum having higher contrast than background.
Seminal vesicles share the same property as the urethra but show as
bright Resulting from the addition of the stone powder. The assembled
3D model is illustrated in Fig. 1(a). The 3D printer was used to create a
phantom container and several negative molds to cast complex geometry
objects. Fig. 1(b) shows a urethra embedded inside the prostate after the
gelatin was solidified. Fig. 1(c) was the scanning setup and testing for
needle insertion. Fig. 2 shows images scanned by the bk3000 ultrasound
imaging system. 2(a) to 2(c) were images from the prostate base to apex.
Fig. 2(d) and (e) show images after needle insertion in axial and sagittal
views. The reflection artifacts are from the 3D printed container.
Increasing the size of the phantom is expected to remove this artifact. The
shadows were caused by high impedance mismatch between the silicon
and gelatin. The fabricating time, including: a) 3D printing time -
phantom container (6 hours per phantom, reusable) and casting jigs (14
hours one time printing), and b) casting time - 7 hours including curing
time (4 hours for urethra and seminal vesicle, 1.5 hours for rectum and
prostate and 1.5 hours for background filling). The total fabricating cost
was $39.53 including: a) 3D printing materials ($0.04/g) - phantom
container ($6) and casting jigs ($9 - one time cost), and b) casting cost -

S71Abstracts / Brachytherapy 18 (2019) S12eS116



prostate and seminal vesicle ($0.28 - silicon $0.04/cc) and total gelatin cost
($24.25 - Gelatin $0.2/g and Agar $0.35/g).
Conclusions: The proposed educational prostate phantom is an ideal cost
effective way to help trainees gain experience. Running mock procedures
with this phantom is expected help improve confidence and efficiency
when executing patient implants.

PO011

Intensity Modulated Radiation Therapy

(IMRT) followed by Cesium-131

Brachytherapy for Intermediate and High

Risk Localized Prostate Cancer

John Sylvester, MD1, Michelle H. Braccioforte, MPH2, Brian J. Moran,

MD2. 1Department of Radiation Oncology, 21st Century Oncology,

Lakewood Ranch, FL, USA; 2Prostate Cancer Foundation of Chicago,

Westmont, IL, USA.

Purpose: The optimal treatment for intermediate- to high-risk localized
prostate cancer remains undefined. Patients with large volume, high grade
disease consistently fail biochemical endpoints at a significantly higher
rate than their low risk counterparts regardless of therapeutic approach.
This study intends to explore biochemical success and morbidity profiles
in an elevated risk cohort of men treated with IMRT and Cesium-131
brachytherapy boost. For this study the Cs-131 boost was reduced from a
typical 85 Gy implant to 70 Gy: it is hypothesized that this combination
of IMRT and brachytherapy will Result in favorable disease control alone
with an acceptable morbidity profile.
Materials and Methods: 65 men (median age: 70) were enrolled to a
prospective study by the two study physicians. Treatment consisted of 28
fractions of IMRT to the prostate plus or minus seminal vesicles at 1.8 Gy
per fraction (50.4 Gy total) followed by a permanent Cesium-131 implant
at 70 Gy. 56/60 (93%) patients were prescribed adjuvant androgen
deprivation therapy. Study data included follow-up PSA measurements
and serial patient-completed EPIC questionnaires in an effort to define
biochemical and morbidity endpoints. Biochemical relapse-free survival
(BRFS) was estimated using the Kaplan-Meier method and a Phoenix
(nadir þ 2 ng/ml) endpoint.
Results: 31 patients (48%) presented with T2b to T3b prostate clinically
localized prostate cancer; 40 (62%) of diagnostic biopsies were graded
4þ3 to 5þ5; median PSAwas 7.3 ng/ml. Median follow up time stands at
34 months. Of the 65 patients enrolled, five failures (7.7%) were
identified: two patients (3.1%) were diagnosed with metastatic disease
within 24 months of study treatment. Three additional patients (4.6%)
experienced Phoenix failure with PSAs of 4.5, 3.5, and 2.4 ng/ml. Five-
year BRFS with 10 patients at risk was 83%. Median PSA for 60 (92%)
non-failures was 0.14 ng/ml. Urinary symptomology as measured by

group mean EPIC Urinary Bother Score returned to statistical baseline by
six months (Figure 1.)
Conclusion: While continued follow-up is necessary, early analysis of this
experience finds promising disease control and morbidity outcomes for this
challenging group of patients. Further follow-up and reporting is warranted.

PO012

Feasibility of Intraprostatic Prostate

Cancer Imaging with FCH-PET/CT for

Preoperative Planning of Image-Guided

HDR Brachytherapy

Eric Vigneault, MD, MSc1,2, Damien Carignan, PhD2, Fr�ed�eric Pouliot,

MD3,2, Andr�e-Guy Martin, MD1,2, William Foster, MD1, Marie-Claude

Lavall�ee, PhD1, Fr�ed�eric Lacroix, MSc1, Sylviane Aubin, MSc1, Philippe

Despr�es, PhD1,2, Luc Beaulieu, PhD1,2,4, Jean-Mathieu Beauregard,

MD5,2. 1Radiation Oncology, CHU de Qu�ebec Universit�e Laval, Qu�ebec,

QC, Canada; 2CHU de Qu�ebec-UL Research Center, Qu�ebec, QC,
Canada; 3Urology, CHU de Qu�ebec Universit�e Laval, Qu�ebec, QC,

Canada; 4Physics, Physics Engineering and Optics Department,

Universit�e Laval, Qu�ebec, QC, Canada; 5Nuclear Medicine, CHU de

Qu�ebec Universit�e Laval, Qu�ebec, QC, Canada.

Purpose: To evaluate the feasibility of using [18F]-fluoromethylcholine
(FCH) PET/CT imaging for dominant-intraprostatic lesion (DIL)
localisation in HDR boost brachytherapy planning, and to perform
biological dose escalation HDR boost on the imaged DIL.
Material and Methods: FCH was synthesized by the radiochemistry team
at the Montreal Neurological Institute (McGill University). Imaging was
performed on an integrated PET/CT system. Two nuclear medicine
physicians identified the sextant localisation of the DIL blinded to the
primary biopsy Result. In case of discordance between the biopsy and
PET/CT results, patients were re-biopsied in the appropriate prostate
region(s). Patients received 44 Gy External Beam Radiation-Therapy
(EBRT) in 22 fractions followed by a single fraction 15 Gy HDR boost as
well as an additional simultaneously integrated boost (SIB) of 3 Gy on
the localised DIL.
Results: Ten eligible prostate cancer patients were recruited at a mean age
of 66.9 years. They had biopsy-proven disease with Gleason score 6 (10%)
or 7 (90%), low (10%) to intermediate (90%) risk and had consented to
EBRT plus brachytherapy boost. After PET/CT reading, four patients
needed to be re-biopsied to ensure correct DIL localisation. A
concordance between PET/CT and biopsies could be obtained for all 10
patients. The calculated sensitivity and specificity for FCH-PET/CT in
this study were 0.52 and 0.94 respectively. Median follow-up after
treatment was 25 months, ranging from 16 to 66 months. Acute GU
toxicities were reported by 9 patients: 8 grade 1 and one grade 2. Acute
GI toxicities were reported by two patients: one grade 1 and one grade 2.
No patients experienced biochemical failure according to the Phoenix
definition but three patients died from unrelated malignancies. At last
follow-up, all 7 remaining patients had their PSA level below 0.4 ng/ml.
Conclusions: DIL localisation with FCH-PET/CT proved to be feasible for
all patients. However, a different DIL location was found on PET/CT as
compared to the diagnostic biopsy for 40% of patients which required an
additional biopsy. The technique showed a very good specificity of 0.94
but had a low sensitivity of 0.52. Patients responded well to the biological
dose escalation to the DIL and reported toxicities were acceptable.

PO013

Dynamic Anatomy: The Three Sides of

the Bermuda Triangle

Patrick W. McLaughlin, MD1, Juanita Crook, MD FRCPC2,

Alejandro Berlin, MD MSc3. 1University of Michigan, Novi, MI, USA; 2BC

Cancer Agency, University of British Columbia, Kelowna, BC, Canada;
3Princess Margaret Radiation Oncology, University of Toronto, Toronto,

ON, Canada.
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Purpose: Dynamic anatomy is a descriptive term for changes in position,
size, shape, and relationship of a target or critical organ at risk during a
brachytherapy procedure. We have previously reported the discrepancy
between seed to rectum distance by Ultrasound (US) at completion versus
seed distance to rectum on CT day 1 and 21. This effect is due in part to
recoil of the rectum after probe removal, resuming its former position
adjacent and below the apex. We refer to this as the rectal side of the
Bermuda triangle (BT). The opposite side is the prostate and 2 factors
influencing rectal row position are 1) variable acute swelling affecting the
relationship of the rectal row to prostate, and 2) whole prostate shift
superior on the grid due to massive RU bleeding(rare). All these effects
contribute to closer proximity of seeds to rectum. The recoil effect
outcome cannot be fully predicted but is compensated by a variety of
strategies. It is possible to monitor the prostate side of the BT by
checking in real time the urethra shift and whole prostate shift (urethra
and posterior prostate both rise) superior on the grid.
Materials and Methods:We reviewed rectal row seed positions on US post
LDR, CT day 1 and CT day 21 on 20 sequential cases. We defined the
discrepancy in distance for US and CTs. We measured acute swelling in
the OR by whole prostate swelling post versus pre, distance of urethra to
rectum, and distance of urethra to anterior prostate. The latter reflect the
fact that swelling may be asymmetric, with dominant swelling below the
urethra in some and above the urethra in others. Swelling below the
urethra affects rectal row relationships.
Results: Seed distance to rectum on US post on average 6.1 mm (1.7).
Average distance on CT day 1 and 21 was 4mm (1.7) and 4mm(1.6)
respectively with an average decrease relative to US of 2.2mm(1.5), with
a range of 0.0 to 5 mm. The seed positions on CT were stable at day 21
with difference of 0.1mm (0.10). The acute swelling (US post/pre) was
14%(11), range 1 to 28. The urethra to rectum distance increased in all
patients at completion, average 2.3mm (.17), range 0.3 to 4.6.. Urethra to
anterior prostate increased 1.7mm (.11) range 0.0 -4.2. Asymmetric
swelling was common, with swelling inferior to the urethra more
common than swelling superior.
Conclusion: Dynamic anatomic change during an LDR procedure can
dramatically affect brachytherapy quality outcomes, especially at the
critical rectal and prostate interface. Adding to the previous mechanism
of rectal recoil is the current study recognizing changes in prostate
relationships due to acute but variable and asymmetric edema. The arc of
edema development and resolution is usually measured over weeks, but
we describe acute OR edema up to 30%. We confirm systematic
differences in rectal row seed proximity between US and CT day 1 and
21. The systematic change in urethra of 2.3 mm superior and the average
seed proximity difference of 2.2mm closer to the rectum suggest a
potential contribution from acute edema to the Bermuda Triangle effect.
Strategies to monitor and compensate for these effects will be reviewed.

PO014

Outcomes and Toxicity Following Salvage

Low-Dose-Rate Brachytherapy for

Recurrent Prostate Cancer after

Radiation Therapy

Vincent D’Andrea, BSc, Zaker Rana, MD, Brett Cox, MD, Louis Potters,

MD. Northwell, New Hyde Park, NY, USA.

Purpose: Salvage low-dose-rate (LDR) brachytherapy is a viable treatment
option for patients with locally recurrent prostate cancer following primary
radiation therapy. Here we report our single institution experience outcomes
and toxicity when utilizing LDR in the salvage brachytherapy setting.
Materials and Methods: Nineteen patients with biopsy-proven locally
recurrent prostate cancer underwent LDR salvage brachytherapy
following an initial course of definitive radiotherapy from August 2010
through February 2018. Implants were planned and executed under
transrectal ultrasound guidance utilizing 103Pd to treat the target to 120
Gy. Post-implant dosimetry was assessed 30 days after implant through
evaluation of V100, V150, V200, and D90. Androgen deprivation therapy
was utilized in 47% of the patients. Prostate-specific antigen (PSA)
failure was determined utilizing the Phenix (nadirþ2) definition. Toxicity

was graded using Common Terminology Criteria for Adverse Events
(CTCAE) version 4.03 and patient reported questionnaires including the
Expanded Prostate Cancer Index Composite (EPIC) and American
Urological Association (AUA).
Results: Median age at treatment was 73 years-old. Median time to
recurrence was 6 years. Median followup was 37 months. The 3-year PSA
relapse-free survival (RFS) was 84.7%. EPIC and AUA scores peaked 1-3
months following treatment with most patients returning to baseline
within 18 months. Two patients (11%) experienced late grade 3
genitourinary adverse events.
Conclusions: Salvage LDR brachytherapy is a viable treatment option in
the salvage setting with promising outcomes and minimal toxicity. Longer
follow-up is needed to determine LDR efficacy.

PO015

Does Either I-125 or Pd-103

Brachytherapy Provide a Superior Boost

When Combined with External Beam

Irradiation in Men with High Risk

Prostate Cancer?

Nelson N. Stone, MD1, Richard Stock, MD2, Vassilios Skouteris, MD3,

Marios Metsinis, MD3, Michael Skouteris, MD3, Despina Katsochi, MD3,

George Kollias, PhD3, Efi Koutsouveli, PhD3. 1Urology, The Icahn School

of Medicine at Mount Sinai, New York, NY, USA; 2Radiation Oncology,

The Icahn School of Medicine at Mount Sinai, New York, NY, USA;
3Brachytherapy Center, Hygeia Hospital, Athens, Greece.

Purpose: Combination external beam irradiation therapy (EBRT) with
brachytherapy boost (BT) may provide improved outcomes compared to
radical prostatectomy in high risk prostate cancer patients. However, there
are no studies that have determined if one isotope has an advantage over
another. I125 has a higher energy and delivers a wider margin of radiation
while Pd103 has a shorter half-life which may provide a benefit to fast
growing tumors. We compared the freedom from biochemical failure
(FFBF), metastases (FFM), overall survival (OS) and prostate cancer
death (CSS) for these 2 isotopes.
Materials and Methods: 797 high risk patients (NCCN3, PSAO20 ng/ml
or Gleason scoreO 8 or cT3) were treated with BT, EBRT and hormone
therapy (HT). 190 (23.8%) received I125 and 607 Pd103 followed by 45
Gy EBRT. Radiation doses were converted to the biological equivalent
does (BED) using an a/b of 2. Freedom from biochemical failure was
determined with the Phoenix definition (FFPF), metastases by absence of
soft tissue or bone lesions (FFM), OS by freedom from death and cause-
specific survival (CSS) from death with clinical disease. Comparisons
were made by ANOVA, chi square, Kaplan Meier with log rank and
multiple variables by Cox regression (CR).
Results: There were no differences in mean age (69.7 years) or PSA (16.3 ng/
ml) between the 2 isotopes (table). Men treated with I125 had higher stage (p!
0.001), BED (p!0.001) and longer HT (p!0.001) while Pd103 had higher GS
(p!0.001) and longer follow-up (p!0.001). 10year FFBF, FFM, OS and CSS
for I125 vs Pd103 was 77.5 vs. 80.2% (p50.897), 94.7 vs 91.9% (p50.017),
75.8 v 78.6% (p50.924) and 95.4 vs. 91.8% (p50.346). There were no
significant differences in FFBF, FFM and CSS between the 2 isotopes for
GSO7 and for PSAO20 ng/ml. However, for T3 prostate cancer outcomes
were superior for I125 for FFBF, FFM and CSS at 79.3 vs 67.1% (p50.130),
94.3 vs. 80% (p50.076) and 94.1 vs. 79.5% (p50.001). In these patients,
PSA and time on NHT were similar for both groups, but Gleason score was
greater for Pd103 (7.8 vs 7.0, p!0.001) while BED was higher for I125 (218
vs 204, p!0.001). Significant Cox regression associations for FFBF were
PSA, GS and BED (p!0.001), for FFM PSA (p!0.001) and GS (p50.029)
and for CSS PSA, GS (p!0.001) and BED (p50.021). Death from prostate
cancer occurred in 7/62 (15.6%) for BED # 150, 18/229 (7.9%) for BED
O150-200 and 20/470 (5.9%) for BEDO200 Gy (p50.029).
Conclusions: Both I125 and Pd103 when combined with EBRT appear
equally effective in high risk prostate cancer yielding 10-year CSS of
over 90%. While there was no difference in outcomes for higher PSA and
GS, I125 may yield an advantage over Pd103 in T3 disease. This
advantage may be due to the higher penetration of dose outside of the
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prostate associated with I125. This concept warrants further investigation to
confirm these results. Higher doses (BEDO200 Gy) yield the most favorable
CSS.

PO016

Evaluation of Serum Prostate-Specific

Membrane Antigen Levels in Patients

Receiving Brachytherapy for Localized

Prostate Cancer

Tadahiko Kikugawa, M.D, Ph.D, Noriyoshi Miura, M.D, Ph.D, Takashi

Saika, M.D, Ph.D. Ehime University, Toon, Japan.

Purpose: Prostate-specific membrane antigen-positron emission
tomography (PSMA-PET) imaging has already been integrated into the
routine diagnostic workup of prostate cancer in Western countries.
Increased PSMA expression in prostate tissues is associated with tumor
aggressiveness. However, the serum level of PSMA are usually 50- to
100-fold lower than those of PSA. Therefore, the changes in the serum
level of PSMA after brachytherapy and hormonal therapy in patients are
unknown. Here, we investigated the serum PSMA level in prostate cancer
patients treated by brachytherapy and/or hormonal therapy.
Materials and Methods: A total of 25 patients who underwent prostate
brachytherapy between October 2006 and August 2009 were included in
this study. Among these, 8 patients had received hormonal therapy for 6
months prior to the brachytherapy. The median age and initial PSA level
were 68 years and 6.5 ng/ml, respectively. Brachytherapy was performed
transperineally with permanent low dose-rate isotopes (iodine-125).
Serum levels of PSA and PSMA were assessed by sandwich enzyme-
linked immunosorbent assay(Lifespan Biosciences, Seattle, WA).
Measurement of serum PSA and PSMA was performed pre-treatment and
at 1, 6, 12, and 24 months after treatment.
Results: At 2 years after brachytherapy, 22 patients showed a gradual
decrease in serum PSA and PSMA levels. The transition of serum PSMA
after brachytherapy also gradually declined, similar to PSA. The transient
rise in PSA levels, seemingly in response to the brachytherapy, was also
observed in PSMA levels. Serum PSA and PSMA levels in patients that
received hormonal therapy decreased markedly and remained low at 2
years. Biochemical recurrence occurred in 3 patients, who all showed
increased PSMA and PSA levels.
Conclusions: The serum PSMA level may be a clinically useful predictor of
prognosis in prostate cancer patients undergoing brachytherapy.

PO017

Do Testosterone Levels Affect PSAValues

When Monitoring Prostate Cancer

Patients Treated by Radiation Therapy

and Hormone Therapy?

Nelson N. Stone, MD1, Richard G. Stock, MD2. 1Urology, The Icahn

School of Medicine at Mount Sinai, New York, NY, USA; 2Radiation

Oncology, The Icahn School of Medicine at Mount Sinai, New York, NY,

USA.

Purpose: Neoadjuvant hormone therapy (NHT) when given to men
receiving radiation therapy (RT) for prostate cancer is known to affect
long term testosterone (T) levels. Men with suppressed T may experience
a lower PSA value which could influence biochemical failure
determinations. We sought to determine which factors influenced the last
measured T and PSA values and the relationship between the two.
Materials and Methods: 2247 men received RTwith brachytherapy (BT)
alone or in combination with NHT or external beam RT. Men without T
level, those experiencing PSA failure (rise of 2.0 ng/ml above nadir) and
those on salvage HT were excluded leaving 1317 men with both PSA and
T levels determined a median of 5.8 years (range 1-22) after all treatment.
There were 548 low risk (NCCN1), 416 intermediate risk (NCCN2) and
353 with high risk (NCCN3) disease. Radiation doses were converted to
the biological equivalent dose (BED) using an a/b of 2. Associations for
PSA # 0.1 or more for 3 T cut points of 50, 150 (saturation model) and
300 ng/dL were tested by ANOVA, chi-square, and to independent
variables by regression analysis.
Results: Median age, initial and last PSA, time on NHT, T level, follow-up
time, and BED were: 66 years, 6.7 and 0.02 ng/ml, 3 months (mean 4.5,
range 0-39), 326 ng/dL, 8.3 years, and 205 Gy. Last PSA was # 0.1 in 89%,
!0.2 in 93.3%, # 0.5 in 97.5% and # 1.0 in 98.9%, Last T by NHT use for
0, 1-6, 7-12 andO12 months was 381, 335, 306, and 217 ng/dL, respectively
(p!0.001). T level for PSA # 0.1 orOwas 337.7 vs. 370.7 ng/dL (p50.035)
and for # 0.2 vs. higher 339.3 vs. 373 (p50.083). A higher BED was
associated with a lower PSA (p50.06). There were no differences in the
number of men with a PSA # 0.1 or more by T cut point. On regression
analysis, T, NCCN group and BED were associated with last PSAvalue (table).
Conclusions: NHT suppresses T levels with longer use having a greater
effect. While a lower T can influence PSA levels long after RT, this
appears to be only marginally significant and does influence PSAsO 0.2.
Both NCCN status and BED have a greater impact on PSA values.

PO018

Patient-Reported Bowel Quality of Life

with the Combination of Prostate

External Beam Radiation, Brachytherapy

Boost, and SpaceOAR

Ankur Patel, MD, Christopher Houser, MS, Ronald Benoit, MD, Ryan

Smith, MD, Sushil Beriwal, MD, MBA. Radiation Oncology, UPMC

Hillman Cancer Center, Pittsburgh, PA, USA.

Purpose: Dose escalation with LDR-prostate brachytherapy after external
beam radiation in patients with intermediate or high risk localized
prostate cancer provides superior biochemical control at the cost of
increased gastrointestinal toxicity. A review of patients treated at our
institution has shown that acute patient-reported rectal bleeding within 3
months of treatment also predicts for late rectal bleeding. At our
institution, SpaceOAR has been used in men undergoing prostate seed
brachytherapy boost after external beam radiation to reduce rectal dose
from Cesium-131 implants. Herein, we report a series of patients who
received SpaceOAR during prostate seed implantation (PSI) for
brachytherapy boost, and examined the effect of SpaceOAR insertion on
post-implant rectal dosimetry and patient-reported acute bowel quality of
life symptoms.
Materials and Methods: A retrospective chart review of consecutive
patients with SpaceOAR inserted at the time of interstitial PSI was
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conducted. All patients received prostate external beam radiation to a dose
of 45 Gy in 25 fractions followed by prostate brachytherapy boost to a dose
of 85 Gy using Cesium-131 seeds. Rectal dosimetric evaluation was
conducted on post-PSI computed tomography (CT) imaging on the day of
PSI. EPIC Bowel Scores were collected for patients pre-treatment, at four
weeks, and at three month follow-up. Rectal dosimetry in SpaceOAR
patients was compared to a consecutive series of patients who did not
have SpaceOAR inserted at the time of PSI after external beam radiation
using independent t tests for normally-distributed variables and Mann
Whitney U tests for non-normally distributed variables.
Results: Between September 2015 and November 2018, 59 consecutive
patients with SpaceOAR insertion at the time of Cesium-131 PSI after
external beam radiation were identified. The median prostate size on post-
implant CT was 31.48 cc (interquartile range [IQR], 24.85 - 41.22 cc).
The median rectal V100%, V50%, D2cc, and D1cc was 0.00 cc, 0.01 cc,
30.22%, and 35.40%, respectively. Compared to a consecutive series of
patients who did not undergo SpaceOAR implantation at the time of
Cesium-131 PSI after external beam radiation, SpaceOAR patients had a
significantly lower median rectal V100% (0.00 vs 0.13 cc, p!0.001),
V75% (0.00 vs 0.98 cc, p!0.001), V50% (0.01 vs 3.67 cc, p!0.001),
V25% (3.80 vs 12.49 cc, p!0.001), D2cc (30.22% vs 61.84%, p!0.001),
and D1cc (35.40% vs 74.48%, p!0.001). In SpaceOAR patients, the
median decrease in Bowel Summary, Bowel Function, and Bowel Bother
EPIC scores at 3 months was -3.57 for all three domains. Upon
examination of rectal bleeding-specific questions in patients who received
SpaceOAR, only 1 patient (1.7%) reported significant rectal bleeding at 3
month follow-up.
Conclusions: SpaceOAR insertion significantly decreases rectal dose in
patients undergoing Cesium-131 prostate brachytherapy boost after
external beam radiation. With SpaceOAR, the incidence of significant
acute patient-reported rectal bleeding is low and there was no clinically
significant decrease in EPIC bowel scores at 3 months. Longer follow-up
will confirm if decreased rectal dose and low acute patient-reported rectal
bleeding will lead to decreased late rectal bleeding.

PO019

Exploring the Impact of High Baseline

IPSS on Urinary, Bowel, and Sexual

Function in the First Year after Prostate

High Dose Rate Brachytherapy

Alexander Harris, MD, Kristin Baldea, MD, Ahmer Farooq, DO, Robert

Flanigan, MD, Matthew M. Harkenrider, MD, Abhishek A. Solanki, MD,

MS. Radiation Oncology, Loyola University Chicago, Maywood, IL, USA.

Purpose: Although higher baseline International Prostate Symptom Score
(IPSS) has been associated with increased toxicity after prostate
brachytherapy, there are limited data specifically looking at the impact of
IPSS on quality of life in men undergoing HDR. Our objective was to
compare the patient-reported toxicity of men undergoing prostate HDR
who had higher baseline IPSS vs. those with lower baseline IPSS
Materials and Methods:Weperformed a retrospective cohort study ofmen
undergoing prostate HDR at our institution. 13.5 Gy x 2 was used for
monotherapy and 13.5-15 Gy x 1 for boost to supplement external beam
radiotherapy (45-50.4 Gy). IPSS and Expanded Prostate Cancer Index
Composite Short Form (EPIC-26) were used to assess urinary, bowel, and
sexual function at baseline and in follow-up (1, 3, and 6 months, then
every 6 months). Patients were dichotomized into a high baseline IPSS
(highest quartile), and a low baseline IPSS (lower 3 quartiles) group.
Baseline demographic and clinical characteristic data were compared
between IPSS groups using the Chi Square and Wilcoxon Rank Sum tests.
EPIC-26 scores and the occurrence of a minimally clinically important
difference (MCID) were compared using Linear mixed effects models.
Results: A total of 148 patients were included. The median IPSS was 6
(interquartile range (IQR): 3-10). The highest quartile of IPSS scores was
10-22. 106 patients had IPSS!10 (low IPSS group). 42 patients had IPSS
$10 (high IPSS group). Both groups had similar median age (67, IQR: 63
- 71; p 5 0.51), gland size (36, IQR: 29-45; p 5 0.05), and follow-up (12
months, IQR: 5-18; p 5 0.35). 30 patients (20.27%) had low risk, 91
(61.49%) had intermediate risk, and 27 (18.24%) had high risk disease

(p50.10). Patients in the high IPSS group had lower baseline mean EPIC-
26 Urinary Irritative/Obstructive score (mean 80 vs. 92; p!0.01), and
worse scores at 1, 3, and 6 months post-HDR (p # 0.01) compared to low
IPSS men, with the greatest difference between groups at 1 month (55 vs.
82, p # 0.01). The low IPSS group had no substantial decline over the
first year, while the high IPSS group had a substantial decline at 1 month
with recovery thereafter. There was no difference in the odds of
developing a MCID between groups during follow-up (p50.16). There
was no difference in baseline mean EPIC-26 urinary incontinence score
between groups (High: 87 vs. Low: 92; p50.58). There were no
differences during follow-up (1 month: p 5 0.11, 3 months: p 5 0.20, 6
months: p 5 0.94, 1 year: p 5 0.99). There was no significant difference
in the odds of developing a MCID between groups during follow-up (p 5
0.60). There was no difference in EPIC-26 sexual domain mean scores at
baseline (p50.08). However, high IPSS patients had lower scores over
time (p 5 0.03). There was no significant difference in the odds of
developing a MCID between groups during follow-up (p 5 0.99). There
was no significant difference in EPIC-26 bowel scores at baseline
(p50.41). However, high IPSS patients had lower scores at 1-month of
follow-up (p! 0.01). There was no significant difference in the odds of
developing a MCID between groups during follow-up (p 5 0.06).
Conclusions: In our cohort of men undergoing prostate HDR, those in the
highest quartile of baseline IPSS had greater acute detriments in urinary
obstructive/irritative symptoms, bowel and sexual function, but no
difference in MCID. Overall, patients with lower IPSS had minimal
detriment in urinary quality of life throughout follow-up, and even in the
high IPSS group, the detriment in urinary function appeared to return to
near baseline within the first year.

PO020

10 Year Follow-Up of a Large, Single

Institution Prospective Low Dose Rate

Prostate Cancer Brachytherapy Series:

The Chicago Experience

Brian J. Moran, MD, Michelle H. Braccioforte, MPH. Prostate Cancer

Foundation of Chicago, Westmont, IL, USA.

Purpose: Beginning in 1997, a dedicated prostate brachytherapy center
initiated a prospective data collection intended to evaluate outcomes
following low dose rate brachytherapy. The goal of this report is to
estimate 10-year biochemical outcomes in a large, closely followed
prospective series.
Materials and Methods: 6,435 patients who underwent low dose rate
brachytherapy were assessed for biochemical success or failure.
Biochemical relapse-free survival (BRFS) was estimated using the
Kaplan-Meier method and the Phoenix definition (‘‘nadir plus 2 ng/ml’’)
was used to identify failures. PSA failure times were assigned ‘‘at call’’.
All patients were treated with a pre-planned, pre-loaded needle approach
by the senior author in a single outpatient facility. Iodine-125, Palladium-
103 and Cesium-131 were all employed as brachytherapy isotopes.
Results: Mean follow-up was 47.4 months (range 7 - 231.5 months).
Employing the D’Amico risk grouping system, 76% patients were low
risk, 19% intermediate risk and 5% high risk. As risk profile elevated,
supplemental external beam therapy and/or hormonal blockade were
added to the treatment regimen. Overall, 12% of patients received
combination therapy using 45 Gy external beam radiation therapy. 27% of
all patients received androgen blockade: 16.8% of low risk patients
received androgen blockade for downsizing; 26.9% of intermediate risk
patients received androgen blockade; and 44.1% of high risk patients
received androgen blockade. A total of 41,773 follow-up serum PSA
determinations were available for analysis. Each patient’s PSA profile was
analyzed. By risk group, the 10-year Kaplan-Meier estimates of BRFS
were 85.1% for low-risk patients; 70.6% for intermediate-risk patients;
and 67.5% for high-risk patients (Table 1). /divO.
Conclusions:With over 6,000 patients in this cohort and nearly 500 of them
at risk at 10 years, this series establishes permanent implant brachytherapy
as a bona fide definitive treatment for clinically localized prostate cancer.
Further analysis of this cohort is being undertaken.
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PO021

Longer Preoperative Membranous

Urethral Length is Associated with GU

Toxicity after Permanent Prostate

Brachytherapy

David Boyce, MD1, Tharakeswara Kumar Bathala, MD2, Albert

Chienchung Chen, MD3, Rajat J. Kudchadker, PhD1, Teresa Lorraine

Bruno, MS1, Steven Frank, MD1. 1Radiation Oncology, UT MD Anderson

Cancer Center, Houston, TX, USA; 2Diagnositic Radiology, UT MD

Anderson Cancer Center, Houston, TX, USA; 3Radiation Oncology, Baylor

College of Medicine, Houston, TX, USA.

Purpose: Magnetic Resonance Imaging (MRI) is a powerful tool to stage
and help plan prostate cancer treatment. While preoperative membranous
urethral length (MUL) has been shown to predict for urinary incontinence
in post-prostatectomy patients, its significance after permanent prostate
brachytherapy is unclear.
Methods: Retrospective chart review of 42 patients who received
permanent prostate brachytherapy at a single institution. The preoperative
MUL was assessed based on MRI imaging prior to implant. The cohort
was split into two groups based on MUL length. Different genitourinary
toxicities, including change in American Urological Association (AUA)
urinary symptom score was calculated at both a shorter (4-6 months) and
longer (8-12 months) follow-up, use of alpha-blockers, urinary
incontinence, erectile function, and use of phosphodiesterase-inhibitors
(PDEi) were compared between these two groups.
Results: Using a cut point of 14.2 mm for pre-opMUL, the two groups were
well-balanced with respect to age at implant, Gleason-score, use of
cytoreductive ADT, number of needles implanted, number of seeds
implant, type of radioactive isotope used and the AUA score at baseline.
There was a significant increase in change in AUA score both at the

shorter (p50.045) and longer follow-up (p50.048) with the longer pre-op
MUL. There was no difference with respect to use of alpha-blockers,
urinary incontinence, erectile function, and use of PDEi.
Conclusions: Preoperative MUL is associated with acute urinary toxicities
after permanent prostate implant, but further studies are needed to validate
this study. Given the increasing use of MRI in the care of prostate cancer,
there is growing evidence that radiographic parameters may be able to
help predict clinical outcome.

PO022

Feasibility and Early Toxicity Outcomes

with Salvage Focal HDR Brachytherapy

for Radio-Recurrent Prostate Cancer

Victoria S. Brennan, MB1, Michael Zelefsky, MD1, Sean McBride, MD1,

Daniel Gorovets, MD1, Gilad Cohen, MSc2, Antonio Damato, PhD2,

Marisa Kollmeier, MD1. 1Radiation Oncology, Memorial Sloan Kettering

Cancer Center, New York, NY, USA; 2Medical Physics, Memorial Sloan

Kettering Cancer Center, New York, NY, USA.

Purpose: Salvage brachytherapy is a treatment option for locally recurrent
prostate cancer previously treated with radiation; however historically target
volumes have included the whole gland. A more focal approach may be
preferable in selected patients to reduce potential toxicity. We report our
experience using single fraction HDR focal brachytherapy for locally
recurrent disease.
Methods: Between 6/2017-11/2018, 12 patientswith radio-recurrent prostate
cancer underwent focal salvage HDR brachytherapy. All patients received
US-based intraoperative treatment planning with a prescription dose to
target of 19Gy in a single fraction using Ir-192. Prior to planned salvage
brachytherapy 8/12 (75%) received androgen deprivation therapy for
median duration of 6-month.The median PSA and PSA doubling time at
time of salvage was 3.74ng/mL (range: 2.08-20.91) and 17.85m (4.5-51.8),
respectively. The location of recurrence on biopsy/MRI included: seminal
vesicle (n5 6), base (n51), mid gland (n52), or overlapping sites (n53).
Gleason score at time of recurrence was 7 (n57), 8 (n53) or 9-10 (n51).
At initial diagnosis, NCCN risk group included high (n57), intermediate
(n53) and low (n52). Initial therapy included EBRT alone (n56), LDR
alone (n52) or combined LDR/EBRT (n54). 50% received hormone
therapy at initial diagnosis. 75% received ADT pre-salvage. The median
pre-salvage IPSS score prior was 7 (range: 1-24). The region of recurrence
was implanted using a real- time ultrasound guided technique, and target
delineation was achieved with intraoperative image fusion of the pre-
salvage diagnostic MRI as well as accounting for the biopsy location of the
recurrent disease. A median dose of 19Gy was prescribed to the target,
delivered as a single fraction using Iridium-192. Toxicity was graded using
Common Terminology Criteria for Adverse Events version 4 and IPSS.
Median followup post-salvage brachytherapy was 3mo (1.5-13).
Results: Themedian targetvolumewas4cc (2.4-21cc) and themediannumber
of needles used was 7 (5-11). The median target V100 was 99.01% (91.58-
100%) with a median target D90 of 24.57Gy (19.85-28.68Gy). The urethra
was avoided entirely in 5 cases with a median urethral D20 of 72.31%
(13.75-106.48%) and median urethral D1cc of 18.02Gy (2.86-25.08Gy).
Median rectal V100 was 0cc (range 0-0.1cc). No patient experienced acute
urinary retention in the post-implant period. Urinary incontinence requiring
pads occurred in 2/12 (16%) patients at 3 and 9 months respectively. Of the
8 patients who were not on urinary medications at baseline, 2 were on
urinary medication at 3 months. Median delta IPSS data at 3mo and 9mo
was 1 (- 5 to 8) and 2 (0 to 8), respectively. All patients had a declining PSA
from baseline at 3 month followup with a median PSA of 1.05 (!0.05-3.16).
Of patients with normal testosterone levels (n54), the median PSA at last
followup was 1.03 (0.31-2.01). Of the non-ADT patients, the median
percentage decline in PSA at 3 months was 29.5% (8-48.1).
Conclusions: Focal HDRbrachytherapy in a single fraction is feasible in the
salvage setting with excellent coverage of target tissue and optimal sparing
of organs-at -risk. The acute toxicity profile and early PSA response appear
very favorable based on the early follow up to date, however longer follow up
is required to evaluate late toxicity and PSA control.
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PO023

Influence of Seed Delivery Technique to

the Total Implanted Activity in Low Dose-

Rate Prostate Brachytherapy

Marjan Khosravi, MS1,2, Emily H. Neubauer Sugar, MS1, Mandar S.

Bhagwat, PhD1, Thomas C. Harris, MS1, Desmond A. O’Farrell, MS1,

Robert A. Cormack, PhD1, Phillip M. Devlin, MD1, Paul L. Nguyen, MD1,

Martin T. King, MD PhD1, Peter F. Orio, MD1, Ivan M. Buzurovic, PhD1.
1Department of Radiation Oncology, Dana-Farber/ Brigham Women’s

Cancer Center, Harvard Medical School, Boston, MA, USA; 2Department

of Physics, University of Massachusetts Lowell, Lowell, MA, USA.

Purpose: In low dose-rate (LDR) prostate brachytherapy (PB), two implant
techniques were used recently: a) robotic automated seed delivery (RD) and
b) manual seed loading and delivery (MSD). In this study, we investigated if
the LDR PB techniques influence the total implanted activity for the same
prescription doses and target volumes. The difference in number of
implanted needles per technique was also studied.
Materials and Methods: In 2017 and 2018, a total of 92 patients, diagnosed
with prostate cancer, were treated with LDR PB techniques using I-125. Fifty-
three patients were treated using the Oncentra� Prostate treatment planning
system (TPS) with a RD device (seedSelectronTM). The remaining thirty-
nine patients were treated with the same TPS but using the MSD technique
with QUICKLINK� Delivery System. In RD technique, the empty needles
are placed after the contouring and then the plan is generated, while in the
MSD technique the plan is generated before the needles are inserted. The
total patient population was classified according to the prescription doses of
100, 110, and 145 Gy corresponding to boost and monotherapy. The total
implanted activity, the number of implanted needles, and the implanted
activity per volume were compared for each technique. The statistical t-test
method was used to compare the mean values of each studied factors in RD
vs. MSD technique.
Results: The analysis revealed that the total number of implanted needles
ranged from 11-28 for all prescription doses in both techniques. The
average total implanted activity per volume using MSD technique is 0.7
(mCi/cm3) for 145 Gy, 0.8 (mCi/cm3) for 110 Gy, 0.7 (mCi/cm3) for 100
Gy prescribed dose. The same factor was calculated for RD technique
which Resulted in 0.8 (mCi/cm3), 0.7 (mCi/cm3), 0.7 (mCi/cm3) for 145,
110, and 100 Gy prescribed dose, respectively. The difference in average
total implanted activity per volume is negligible for all the prescription
doses between RD and MSD LDR PB techniques. The two tail p-value
statistical t-test for total implanted activity was calculated for each
prescribed dose between the RD and MSD techniques; p50.6 for 145 Gy,
p50.4 for 110 Gy, and p50.9 for 100 Gy. The same statistical t-test was

calculated for the number of implanted needles per volume; p50.9 for
145 Gy, p50.8 for 110 Gy, and p50.8 for 100 Gy. The t-test statistical
study reveals that the total implanted activity (Figure 1-A) and number of
implanted needles per prostate volume (Figure 1-B) had statistically
insignificant difference for RD and MSD techniques in LDR PB practice.
Conclusion: The usage of two LDR PB techniques did not Result in a
significant difference in total implanted activity per implant. Therefore,
all patients received the treatment of the same quality.

PO024

Analysis of Radiation Dose to Structures

Involved in Penile Erections in Men

Undergoing MRI-Based Prostate High

Dose Rate Brachytherapy

Basel Altoos, MD, Michael Mysz, MS, MatthewHarkenrider, MD, Abhishek

Solanki, MD. Loyola University Medical Center, Maywood, IL, USA.

Purpose: Erectile Dysfunction after the administration of brachytherapy for
treatment for prostate cancer is multifactorial and poorly understood. A
component of the dysfunction is potentially due to the amount of
radiation received to structures that are hypothesized to be involved in
producing penile erections. Currently there is lack of evidence delineating
the amount of radiation these structures receive in high dose rate (HDR)
brachytherapy. Our objective was to explore the dose to these structures
in men undergoing prostate HDR monotherapy.
Materials and Methods: We performed a retrospective cohort study of
patients with localized prostate cancer treated with MRI-based HDR
brachytherapy monotherapy on a prospectively maintained database of
prostate HDR patients treated from 2017-2018. Patients in this study were
treated with 13.5 Gy in 2 fractions delivered 1-2 weeks apart. CT images
were used for catheter identification, and a T2 weighted MRI was obtained
after the implant for target delineation and treatment planning. The planning
target volume (PTV) consisted of the prostate with an asymmetric expansion
of 0-5 mm, with or without inclusion of the proximal seminal vesicles.
Treatment planning was performed using Varian Eclipse Brachytherapy
Planning. The planning MRI was used to retrospectively delineate the
structures that could be identified and hypothesized to be involved in erectile
function. These included: the neurovascular bundles (NVB), corpus
cavernosa (CC), penile bulb (PB), external urethral sphincter (EUS), and
dorsal venous plexus (DVP). The dosimetry to these organs was then described.
Results: 46 patients were treatedwith definitiveHDR; 1 high risk [by PSA], 32
intermediate risk, and 13 low risk. In regards to the neurovascular bundle, the
median volume receiving 13 Gy (V13Gy) was 4 cc (0.0-16.4 cc) per fraction
while the median dose received was 9.4 Gy per fraction (6.3-12.8). For the
DVP, the median V13Gy per fraction was 0.97 cc (0.355-3.68) and median
dose per fraction was 12.7 Gy (6.7-24). The median dose per fraction to the
CC, PB, and EUS were 3.9 Gy (1.8-6.2), 3.8 Gy (1.9-8.2), and 9.8 Gy (7.0-
14.3). The maximum point dose and V5 Gy administered to the CC, PB, and
EUS were 22.9 Gy, 6.1 Gy, and 18.9 Gy and 0.14 cc (0.0-4.57), 0.26 cc (0.0-
4.10), and 0.4 cc (0.0-1.06), respectively. Other than the EUS, which had a
V13Gy of 0.085 cc, the V13Gy for the CC and PB was 0 cc.
Conclusion: To our knowledge, we are the first to describe radiation
dosimetry findings for functional structures pertinent to erectile function
using MRI at the time of high dose rate brachytherapy treatment
planning. Further research is being conducted to evaluate the impact of
erectile tissue dosimetry on post-procedural erectile dysfunction.

PO025

Evaluation of the MIM SymphonyTM

Predictive Fusion Registration

Methodology for HDR Prostate

Brachytherapy

Elizabeth Watt, PhD1, Pedro Martinez, MSc1,2, Siraj Husain, MD1,2,

Summit Sawhney, MD2, Kundan Thind, PhD1,2. 1Tom Baker Cancer

Centre, Calgary, AB, Canada; 2University of Calgary, Calgary, AB,

Canada.
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Purpose: Traditionally, radiotherapy for prostate cancer involves
irradiation of the entire gland to the prescription dose. In recent years,
interest has mounted in instead pursuing focal therapy, to either boost the
lesions of disease within the prostate to a higher dose than the rest of the
gland or to exclusively treat these disease sites. Such a treatment strategy
is an ideal setting for the use of high-dose-rate (HDR) prostate
brachytherapy, which allows precise dose targeting. Visualization of these
lesions, however, is not feasible on ultrasound during transrectal
ultrasound (TRUS)-guided HDR brachytherapy procedures. Focal therapy
therefore relies on the registration of a pretreatment magnetic resonance
image (MRI) to the TRUS image to define the lesions. The accuracy of
this registration will be paramount to the success of the treatment. Many
different registration algorithms have recently been introduced to fuse the
MRI and the TRUS, including both rigid and deformable solutions. In this
study, we evaluate the MIM SymphonyTM predictive fusion workflow in
combination with several registration algorithms to determine the optimal
workflow for MRI-TRUS fusion for HDR prostate brachytherapy at our
centre.
Materials and Methods: Thirteen consecutive prostate cancer patients
previously treated with a combined modality regimen (15 Gy in one
fraction with HDR brachytherapy and 46 Gy in 23 fractions with
external beam radiotherapy) were included in this study. Image sets for
registration were the pretreatment MRI (3 T without an endorectal
coil) and the TRUS image taken immediately prior to catheter
insertion. Retrospectively, the prostate gland was contoured on both
image sets. In the MIM SymphonyTM predictive fusion workflow, the
expected location and angle of the TRUS probe is defined and the MRI
dataset is resliced perpendicular to this probe. Three registration
methodologies within MIM MaestroTM were evaluated following
predictive fusion: rigid registration (pfRR), contour-based deformable
registration (pfCB), and normalized intensity-based deformable image
registration (pfDIR). For comparison, each of these registration
methodologies was also performed without the preceding predictive
fusion step (RR, CB, and DIR). Geometric image registration accuracy
was evaluated using the mean distance to agreement (MDA) and the
Dice similarity coefficient (DSC) for the prostate contours. The impact
of the predictive fusion workflow was statistically analyzed using a
Wilcoxon signed-rank test.
Results: Figure 1 shows the MDA (a) and DSC (b) for the six registration
methodologies. The contour-based deformable registration methodologies
(CB and pfCB) outperformed all other methodologies in both metrics with
a median (range) MDA of 0.6 mm (0.5-0.7 mm) and DSC of 0.9 (0.9-1.0)
for each methodology. No statistically significant difference was observed
when considering the inclusion of predictive fusion; however,
qualitatively, the inclusion of predictive fusion improved the ease of
manual rigid registration and alignment of the anterior rectal wall. The

normalized intensity-based deformable image registration struggled in
this study; however, it is designed for computed tomography-based
image registration and thus may not be optimized for this inter-modality
fusion.
Conclusions: Contour-based deformable registration achieved the most
accurate geometric registration in this patient cohort and appears to be
suitable for use in a focal therapy setting. The inclusion of the preceding
predictive fusion step did not lead to a significant geometric improvement
in the registration. It is vital to assess MRI-TRUS registration
methodologies in the context of the unique workflow at each centre, as
factors including differences in magnetic field strength and variable use of
patient devices (i.e., endorectal coils) for the MRI and differences in
HDR treatment approaches will directly influence the quality of the
registration.

PO026

Transperineal Prostate Mapping Biopsy

Improves Treatment Selection in Men

Receiving Brachytherapy

Vassilios Skouteris, MD1, Marios Metsinis, MD2, Nelson N. Stone, MD3.
1Prostate Brachytherapy Center, Hygeia Hospital, Athens, Greece;
2Prostate Brachytherapy Center, Hygeia Hospital, Athens, Greece,

Greece; 3Urology, The Icahn School of Medicine at Mount Sinai,

New York, NY, USA.

Purpose: Permanent prostate brachytherapy (BT) can be administered as
implant alone (monotherapy) or in combination with external beam
irradiation (EBRT boost). Treatment selection is often driven by the
Gleason score (GS) derived from the 12-core systematic TRUS biopsy.
Low grade, GS6 disease is mostly treated with BT alone while GS8-10 by
EBRT boost. However, the use of either modality in men with GS7 is
controversial as some consider BT alone to be inadequate while others are
concerned about the additional morbidity of EBRT in these patients.
Treatment recommendations are often based on the concern that 30-40%
of men with apparent low volume GS7 on TRUS may harbor more
advanced tumors. We sought to determine if transperineal prostate
mapping biopsy (TPMB) can improve the selection of men who could
have either BT alone or EBRT boost.
Materials and Methods: 214 men of which 139 (65%) were biopsy na€ıve
and 75 had at least 1 negative TRUS biopsy (range 1-7) had TPMB
(including the seminal vesicles-SV) in the OR using a brachytherapy
setup where a mean of 48.6 (range 23-86) cores (specimens) were
taken with an 18-gauge true cut biopsy device. Each specimen was
individually processed. Mean age, PSA, PV and PSAD were 67 years
(range 48-87), 8.0 ng/ml (1.6-118), 50.2 cc (range 12.9-137) and 0.19
(0.03-4.21). Pre-biopsy factors and biopsy Results were compared to
the TPMB results and treatment choice by ANOVA and chi-square
analysis.
Results: 103/214 (48.1%) had a positive (þ) TPMB of which 68/139
(48.9%) were from men who were biopsy na€ıve and 35/75 (46.7%,
p50.758) with a prior negative TRUS. The mean number of positive
cores was 7.6 (range 1-26). There were 31 (30.1%), 57 (55.3%) and 15
(14.6%) GS 6, 7 and 8-10, respectively. 8/103 (7.8%) had SV invasion.
Age was higher in men with a þTPMB (69.3 vs. 64.9, p!0.001) while
there was no difference in PSA and PSAD for positive vs. negative
TPMB. PSA and PSAD were not associated with GS. Of the
103 þTPMBs, 72 (69.9%) chose BT, 21 (20.4%) prostatectomy and 10
another treatment. BT alone was given to all GS6, 20/40 GS7, 1/10 GS8-
10, while EBRT boost was used in 20/40 GS7, 9/10 GS8-10 and all with
SV invasion. The mean number of positive GS7 cores in the BT alone
men was 4.8 and 10.5 for men boost (p50.001). Neither PSA nor PSAD
were significant. The one patient with GS8 treated by BT alone had only
2 positive cores on one side. For men with! 5 positive GS7 cores 77.8%
has BT aloneO 5 cores 72.7% EBRT boost (p50.001, OR 2.85, 95%CI
1.4-5.9).
Conclusions: These data demonstrate the advantages of performing TPMB
prior to treatment selection. In men electing BT, especially those with GS7,
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TPMB is superior to PSA and PSAD in determining which patients have
more extensive disease warranting EBRT boost.

PO027

Individualized Dose-Escalation of HDR

Prostate Brachytherapy Implant to

Decrease Required External Beam

Radiation Dose: A Retrospective

Feasibility Study

Hannah Dahn, MD1, Patricia Oliver, PhD2, Stefan Allen, MD1, Amanda

Cherpak, PhD2, Alasdair Syme, PhD2, Nikhilesh Patil, MD1, David Bowes,

MD1. 1Radiation Oncology, Dalhousie University, Halifax, NS, Canada;
2Medical Physics, Dalhousie University, Halifax, NS, Canada.

Purpose: High dose rate brachytherapy (HDR-BT) is commonly combined
with external beam radiation therapy (EBRT) for the treatment of localized
prostate cancer. Escalating the HDR-BT dose as far as organ at risk (OAR)
constraints allow, on a personalized basis, would allow for a reduction in
EBRT dose while achieving similar total biological equivalence. The
primary objective of this study was to determine the dosimetric feasibility
of escalating the HDR-BT dose from 15 Gy to 16 Gy or 17 Gy, while
continuing to meet OAR constraints from the original 15 Gy plan, on an
individualized basis.
Materials and Methods: 53 consecutive HDR-BT plans were
retrospectively assessed to determine what percentage of plans could be
re-optimized to deliver a dose of 16 Gy or 17 Gy, while meeting defined
15 Gy OAR constraints. Factors independently associated with dose
escalation were examined.
Results: Thirty-nine plans (74%) and 2 plans (4%) were successfully
escalated to a dose of 16 Gy and 17 Gy, respectively. Rectum V80 and
urethra Dmax were independently predictive of ability to dose escalate to
16 Gy.
Conclusions: Individualized HDR-BT dose-escalation beyond 15 Gy,
without compromising the OAR constraints, is dosimetrically feasible.
Such an approach could allow a corresponding reduction of EBRT
dose and would be beneficial in terms of resource-savings for a
department, convenience for the patient, and potentially better
tolerance of treatment noting the expected reduction in biologically
equivalent dose to OARs. A clinical trial is being developed
investigating personalized HDR-BT/EBRT dose-fractionation for
localized intracapsular prostate cancer.

PO028

Impact of Rectal Hydrogel Spacer as

Determined by CT Scan Dosimetry in Pd

-103 Brachytherapy Patients

Jack T. Griffeth, M.D. Radiation Oncology, Northeast Georgia Medical

Center, Gainesville, GA, USA.

Purpose: To assess the impact of rectal hydrogel spacer on prostate and
rectal dosimetry as determined by CT Scan imaging for low-dose-rate
brachytherapy.
Materials and Methods: From 5-2016 to 10-2018, 90 consecutive prostate
Pd 103 brachytherapy patients underwent placement of hydrogel spacer at
the completion of the implant procedure, all done by the same radiation
oncologist. The group consisted of 52(58%) mono-therapy patients and
38(42%) patients with combination therapy with external beam
radiotherapy. One month postoperative CT scan was used for contouring
to assess prostate and rectal dosimetry. Dosimetry was compared to the
cohort of the previous 90 consecutive patients treated without the
hydrogel spacer which were similarly implanted and contoured. The
rectal and prostate doses were compared.
Results: The rectal volume receiving 100% of the prescribed dose (V100)
was 0.03cc(HS) and 0.41cc(NHS) for hydrogel spacer and nonhydrogel
spacer patients. The percent prescribed dose to 1cc of rectum(D1cc) was
41%(HS) and 76%(NHS). The percentage of prescribed dose to
2cc(D2cc) of rectum was 33%(HS) and 61%(NHS). These differences are

significant, each with p-values of !0.01. Prostate dosimetry was similar
for both groups with a trend for higher D90, V150 and V20 in the HS group.
Conclusion: Transperineal injection of hydrogel spacer at LDR
brachytherapy is shown to significantly reduce the rectal dose as
determined by post implant CT dosimetry.

PO029

Survival Outcomes and Toxicity of

Brachytherapy (BT) versus External

Beam (EBRT) Boost in the Treatment of

Localized Prostate Cancer: A Systematic

Review and Meta-Analysis

Jenna Adleman, MD1, Noelia Salgado, MD1, Rouhi Fazelzad1, Jacques

Raphael, MD2, Joelle Helou, MD1. 1Dept of Radiation Oncology,

University of Toronto, Toronto, ON, Canada; 2Dept of Oncology, Western

University, London, ON, Canada.

Purpose: High radiation doses may be delivered to the prostate with EBRT
or BT. Both low (LDR)- and high dose-rate (HDR) BT have been used as
means of dose escalation in randomized controlled trials (RCTs)
comparing EBRT to BT boost. These trials have repeatedly demonstrated
an improvement in biochemical disease-free survival (bDFS). Yet, the
toxicity Results were inconsistent and the trials were underpowered to
detect overall survival (OS) differences. Furthermore, to date, there is no
randomized data comparing LDR to HDR boost. We aimed to conduct a
systematic review and meta-analysis of RCTs to assess survival and
toxicity outcomes in men with localized prostate cancer treated with
EBRT versus BT boost.
Materials and Methods: An experienced librarian and two independent
reviewers conducted a systematic review of the literature. Five electronic
databases were searched for RCTs: Ovid MEDLINE, EMBASE,
Cochrane Central Registrar of Controlled Trials, Web of Science, and
Epub Ahead of Print. The primary endpoint was 5-year bDFS and the
secondary endpoints were 5-year OS, acute genitourinary (GU) and
gastrointestinal (GI) toxicity, and late GU and GI toxicity. Eligible RCTs
reported one of our primary or secondary endpoints in patients with
localized prostate cancer treated with EBRT versus BT boost. Mantel-
Haenszel with random-effect models and Peto methods were used as
appropriate to pool estimates for odds ratios (ORs) with 95% confidence
intervals (CIs). Subgroup analyses were performed to compare outcomes
for LDR versus HDR boost.
Results: The database searches identified 8,398 records. Following
elimination of duplicates, 6,577 records were screened, of which 51 records
were fully assessed for eligibility. Ultimately six clinical trials met criteria
for inclusion in the meta-analysis, however one abstract was subsequently
excluded due to insufficient data. Three trials (60%) reported bDFS, OS,
and late GU/GI toxicity. Four trials (80%) reported acute GU/GI toxicity.
Two trials (40%) reported occurrence of urethral stricture. The risk of bias
in the included studies assessed using the Cochrane Collaboration risk of
bias tool was low in four trials and unclear in one trial. Two trials (40%)
used LDR for the boost. At 5 years, BT boost was associated with a 58%
reduction of the odds of developing a biochemical recurrence (OR 0.42;
95% CI 0.3-0.6). On subgroup analysis, both LDR (OR 0.37; 95%CI, 0.24-
0.58) and HDR boost (OR 0.52; 95%CI, 0.29-0.94) were associated with
better bDFS compared to EBRT with no statistically significant subgroup
difference (p50.36). No difference was found in terms of 5-year OS
between EBRT and BT boost (OR 0.83; 95% CI 0.54-1.27). There was no
difference in acute GU or GI toxicity by study arm (OR 1.88; 95% CI
0.65-5.42) or by subgroup analysis for dose-rate (test for subgroup
differences, p50.32). Late GU toxicity was worse in the BT boost arm
(OR 1.87; 95% CI 1.23-2.85). The subgroup analysis showed an increased
late GU toxicity in patients treated with LDR boost versus EBRT (OR
3.31; 95% CI 1,84-5.94) while no difference was observed in patients
treated with HDR boost versus EBRT (OR 1.01; 95% CI 0.55-1.86) (test
for subgroup differences, p50.006). Late GI toxicity was not statistically
different in the BT boost arm (OR 1.85; 95% CI 0.94-3.61). Both LDR and
HDR boost were not associated with increased late GI toxicity compared to
EBRT (test for subgroup differences p50.34). Urethral stricture was more
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prevalent in the BT boost arm (OR 4.36; 95% CI 1.99-9.57). In the subgroup
analysis, LDR was associated with increased odds of urethral strictures (OR
5.3; 95%CI, 2.06-13.63) while there was no difference in urethral strictures
between patients treated with HDR boost versus EBRT (OR 2.84; 95%CI,
0.69-11.62).
Conclusions: Patients treated with either LDR or HDR boost had better
bDFS compared to those treated with EBRT. Late GU toxicity and
urethral stricture were increased in the BT boost arm particularly with
LDR boost. Despite pooled data analysis, there was no significant
difference in 5-year OS between the two arms. However, given the natural
course of prostate cancer, 5 years is likely insufficient to detect an OS
difference in this population. Longer follow-up and more events are
needed to improve the data quality.

PO030

Long-Term Outcome of I-125 Seeds

Therapy for High-Risk Prostate Cancer

Patients: A Propensity Score-Matched

Analysis

Takashi Kawanaka, MD, PhD, Shunsuke Furutani, MD, PhD, Akiko Kubo,

MD, PhD, Chisato Tonoiso, MD, Ayaka Takahashi, MD, Hitoshi Ikushima,

MD, PhD, Masafumi Harada, MD, PhD. Department of Radiology and

Radiation Oncology, Tokushima University, Tokushima, Japan.

Purpose: The aims of this study is to report long-term outcome of patients
treated with I125 low-dose-rate brachytherapy (LDR-BT) for high-risk
prostate cancer with a minimum five years follow-up after the LDR-BT
using a propensity score-matched analysis.
Materials and Methods: This is a retrospective cohort study. A group of
498 patients with clinically localized prostate cancer treated with I125
LDR-BT between July 2004 and October 2012 at our University Hospital
were identified. Of the 498 patients, 223 (44.8%) had low-risk disease,
205(41.2%) had intermediate-risk disease, 70 (14.1%) patients had high-
risk disease. Cohorts were categorized according to D’Amico’s risk
classification, and biochemical outcomes plus overall survival were
examined. Biochemical failure was defined as nadir prostate-specific
antigen (PSA) level þ 2 ng/mL. A propensity score matching analysis
(PSM) was performed using a logistic regression for high-risk patients.
Results: A total of 498 patients met the criteria with a median follow-up of
107 months (range 18-158 months). The median age was 67.5 years (range
49-82) at the time of treatment. The 5- and 10-year biochemical failure-free
survival rates were 100 and 98.7% for low-risk group, 95.2 and 93.0% for
the intermediate-risk group 84.3 and 81.8% for the high-risk group,
respectively. Under the PSM of the 70 high-risk patients, age during 65 to
75 years group has significant superior biochemical failure-free survival
rates compare to another age group (93.3 vs. 75.0% at five years,
p50.04). Treatment age, D90, V100, hormonal therapy and count of a
high-risk factor were associated with biochemical failure-free survival on
univariate analysis in a high-risk group. Additionally treatment age,
hormonal therapy and D90 were associated with biochemical failure-free
survival in multivariate models.
Conclusions: This study shows that LDR-BT has acceptable cancer control
even in high-risk prostate cancer patients with proper treatment technic and
patient selection under PSM.

PO031

Defining the Value of MRI-Assisted

Radiosurgery (MARS) for Prostate

Brachytherapy: A Pilot Study Using

Time-Driven Activity-Based Costing

Nikhil Thaker, MD1, Dario Pasalic, MD2, Matthew S. Ning, MD2, Chad

Tang, MD2, Mitchell S. Anscher, MD2, Tharakeswara K. Bathala, MD3,

Rajat Kudchadker, MD2, Jingfei Ma, MD3, Aradhana M. Venkatesan,

MD3, Jihong Wang, MD3, R Jason Stafford, MD3, Thomas W. Feeley, MD4,

Steven J. Frank, MD2. 1Radiation Oncology, Arizona Oncology, Tucson,

AZ, USA; 2Radiation Oncology, The University of Texas MD Anderson

Cancer Center, Houston, TX, USA; 3Radiology, The University of Texas

MD Anderson Cancer Center, Houston, TX, USA; 4Harvard Business

School, Boston, MA, USA.

Purpose: A value-based bundled payment system may help reduce costs and
improve outcomes. In this context, the use of an advanced imaging technology
such as magnetic resonance imaging (MRI) needs to be evaluated for its cost-
effectiveness over the entire care cycle. Although outcome is a well-studied
area of clinical focus, defining healthcare cost and value remains under-
investigated. In this work, we utilized a time-driven activity-based costing
(TDABC) analysis to compare the cost of a clinical workflow for a
traditional CT/ultrasound(US)-based prostate brachytherapy (PB) with that of
an innovative and optimized MRI-assisted Radiosurgery (MARS).
Materials and Methods: Process maps of the traditional CT/US-based
protocol and a MARS workflow were created from consultation to one
year after PB. The MARS protocol utilizes one MRI scan for evaluation
and treatment planning and a second scan for Day 0 post-operative
dosimetry, compared to CT and ultrasound scans in the traditional
protocol. Further, MARS did not require Day 30 dosimetry. We identified
the resource (personnel, equipment, or facility) and time required for each
step in the care cycle. TDABC costs were calculated as the product of the
time (in minutes) and the cost per minute at each step.
Results: The largest cost drivers were the operating room (40-44% of total
cost), treatment planning (8-9%), and consultation (6-7%). The two MRI
scans comprised 15% of the full cycle cost for the MARS workflow, while
imaging accounts for 9.6% of the total cost for the traditional workflow.
Personnel comprised 72-77% of all costs, including the radiation oncologist
(25%), anesthesiologist (11%), dosimetrist (10%), mid-level provider (5%),
and radiologist (4%). Costs for the traditional workflow rose faster than
those for MARS due to more pre-operative processes and multiple scans.
The costs for the traditional and MARS workflows were identical by 1
month after PB. Full cycle cost from consultation through one year of
follow-up after PB was 8.4% lower for MARS than for the traditional
workflow. The difference Resulted from lower post-operative imaging and
dosimetry costs and reduced frequency of follow-up visits (Figure 1).
Conclusion: Our study shows that an optimized MARS prostate
brachytherapy workflow can improve the value and lower the long-term
costs of cancer care delivery compared to the traditional CT/US-based
workflow. TDABC can measure the true costs of incorporating advanced
yet effective imaging technologies into healthcare delivery. Alternative
bundled payment models will help emphasize the delivery of high-quality
outcomes at low costs over the full episodic cycle of care.

PO032

Retrospective Institutional Acute Toxicity

and Response Analysis for HDR

Monotherapy for Prostate Cancer Using

27 Gy in Two Fractions Three Weeks

Apart

Jose Sanchez-Rodriguez, M.S., Lily Shakibnia, M.D., Jason Ray Alfaro,

M.S., Hani Al-Halabi, M.D., Sean Cavanaugh, M.D. Radiation Oncology,

Cancer Treatment Centers of America, Newnan, GA, USA.

S80 Abstracts / Brachytherapy 18 (2019) S12eS116



Purpose: Various High-Dose Rate (HDR) monotherapy dose regimens are
currently being used to treat low and intermediate risk prostate cancer
patients. There is no consensus on the regimen with the best long-term
outcomes. The objective of this study is to assess the Southeastern
Regional Medical Center (SERMC) institutional experience with HDR
monotherapy for low and intermediate prostate cancers. Biochemical
progression free survival and toxicity was evaluated for patients receiving
two fractions of 13.5 Gy with three weeks between each fraction.
Materials and Methods: Patients selected were those treated at Cancer
Treatment Centers of America (CTCA) SERMC between August 2015
and October 2018. Biochemical progression was evaluated through
prostate-specific antigen (PSA) tests. Toxicity was assessed with clinical
evaluation, the International Prostate Symptom Score (IPSS) and the
Sexual Health Inventory for Men (SHIM) questionnaires.
Results: A total of 103 patients, median age of 59 (range 39 - 73), were
treated with monotherapy HDR. The median follow up time was 9
months (range 3 - 33). 35 patients had Gleason 6(3þ3) disease, 50 had
Gleason 7 (3þ4), 16 had Gleason 7 (4þ3), and 2 patients had Gleason 8-
9 disease. 69% of the patients had hydrogel rectal spacer implanted prior
to treatment. The median prostate volume was 41.8 cc. At 3 month follow
up Median IPSS increased from a score of 8 to 10 (P &lt 0.001). Median
SHIM scores decreased from 18 to 12 (P &lt 0.001). 60% of patients
were prescribed ED medication to manage the symptoms. Five patients
reported some level of rectal toxicity, four of those having had a hydrogel
spacer. A reduction in PSA, from mean 7.20 ng/ml to 2.37 ng/ml (P &lt
0.001), was observed after three-month follow-up (data available for 87
patients). 73% of patients (out of 88) reached PSA of less than 3 ng/ml
after three months of treatment, including 49% of patients reaching PSA
less than 2 ng/ml. With a median follow up of 9 months, two patients had
treatment failure, one of which underwent salvage prostatectomy 2 years
and 4 months post treatment. The other had biochemical failure 1 year
post HDR and was started on androgen deprivation therapy.
Conclusions: Institutional data indicates that HDR brachytherapy to a dose
of 27 Gy in 2 fractions 3 weeks apart has acceptable toxicity with toxicity
rates comparable to published brachytherapy data. Early PSA kinetics
were in line with other studies. 73% of patients reached PSA of less than
3 ng/ml after three months of treatment and 49% of patients reached PSA
less than 2 ng/ml. These Results have been associated with &gt 85% and
&gt 90% probability of long-term biochemical recurrence-free survival,
respectively, when treating prostate cancers with External Beam
Radiotherapy (Cavanaugh et. al.).

PO033

Dosimetric Analysis of Permanent

Prostate Monotherapy with Prostate

Rectal Spacer

Donald A. Muller, MD, Eric Aliotta, PhD, Jason C. Sanders, MD, Bruce

Libby, PhD, Timothy N. Showalter, MD, MPH. Radiation Oncology,

University of Virginia, Charlottesville, VA, USA.

Purpose: To compare the dosimetric impact of absorbable prostate rectal
spacer using normal tissue complication probability (NTCP) analysis in
patients treated with permanent prostate seed monotherapy.
Materials and Methods: We retrospectively identified twenty-five
consecutive patients treated with palladium-103 low dose rate (LDR)
monotherapy, prescribed to 125 Gy. Five of those patients, treated
sequentially, underwent placement of absorbable prostate rectal spacer
(SpaceOAR; Augmenix, Inc., Bedford, MA) immediately following seed
implantation. Intraoperative planning was performed for all patients and
was completed prior to placement of prostate rectal spacer in the spacer
group. Post implant CT was performed on Day 0 (n54) or Day 1 (n521)
for postimplant dosimetry. During the study period, all cases had similar
planning objectives and source activity. A normal tissue complication
probability (NTCP) analysis was performed to compare the risk of grade
2 and 3 rectal toxicity with and without prostate rectal spacer. Post plan
rectal doses were first converted to equivalent doses in 2 Gy fractions
(EQD2) [1] and normal tissue complication rates (NTCP) for grade 2-3
rectal complications were computed using the relative seriality model

with published model parameters (s50.75, k510.64, TD_50556 Gy) [1-
2]. The following dosimetric parameters were compared between control
and prostate rectal spacer groups: rectal NTCP, rectal V100, rectal D2cc,
and prostate D90.
Results: NTCP for rectal grade 2 and 3 toxicity was low for the overall
cohort. Based on post implant dosimetry, patients with prostate rectal
spacer had a trend toward lower NTCP for grade 2 and grade 3 rectal
toxicity (0.08% v 2.57% p 5 0.06, see Figure) and rectal V100 (0.00 cc v
0.16 cc, p50.18) compared to those without prostate rectal spacer. There
was a significantly lower rectal D2cc with prostate rectal spacer
compared to without (40.29 Gy v 60.48 Gy, p50.02). Coverage of the
prostate (D90) was not affected with or without the addition of prostate
rectal spacer (92.39% v 94.93%, p50.48).
Conclusions: In our single institution, small cohort study, prostate rectal
spacer was associated with a significantly lower rectal D2cc and a trend
towards reduction of grade 2-3 rectal toxicity on NTCP analysis.
However, predicted rates of rectal toxicity in LDR brachytherapy were
low in both cohorts. Our findings suggest that prostate rectal spacer may
be useful in cases with higher risk of rectal complications. Due to small
sample size, this outcome should be further evaluated in larger
prospective or retrospective studies.
References:

[1] Takam R, Bezak E, Yeoh EE, Marcu L. Assessment of normal tissue
complications following prostate cancer irradiation: comparison of ra-
diation treatment modalities using NTCP models. Med Phys.
2010;37(9):5126-5137.

[2] MacKay RI, Hendry JH, Moore CJ, Williams PC, Read G. Predicting
late rectal complications following prostate conformal radiotherapy us-
ing biologically effective doses and normalized dose-surface histo-
grams. Br J Radiol 1997;70:517-526.

PO034

Retrospective Analysis of Dominant Intra-

Epithelial Lesion Related Outcomes after

Non-Contour Based Dose Painting in

Intra-Operative Low-Dose Rate

Brachytherapy

Kevin Martell, M.D.1, Soumajit Roy, M.D.2, Tyler Meyer, PhD3, Jordan

Stosky, M.D.4, Will Jiang, M.D.3, Kundan Thind, PhD3, Steve Angyalfi,

M.D.3, Harvey Quon, M.D.3, Siraj Husain, M.D.3 1Radiation Oncology,

Sunnybrook Health Sciences Centre, Toronto, ON, Canada; 2Radiation

Oncology, University of Ottawa, Ottawa, ON, Canada; 3Oncology,

University of Calgary, Calgary, AB, Canada; 4Oncology, University of

Calgary, Toronto, ON, Canada.

Purpose: To compare the outcomes of patients treated with dose painting of
dominant intra-epithelial lesions (DIL) based on pathological findings to
those without a DIL in a cohort of intermediate risk prostate cancer (PCa)
patients treated with LDR permanent seed brachytherapy implant (LDR-
BT).
Materials and Methods: 455 patients with intermediate risk PCa were
treated at a single center with intra-operatively planned LDR-BT
following the same in-house dose constraints. Patients with a DIL on
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pathology had hot spots localized to that region but no specific contouring at
the time of procedure. DILs were retrospectively contoured as any biopsy
sextant of the prostate with at least one core with Gleason 4þ3 disease or
O10% tissue involvement. Outcomes for patients with and without DILs
were compared.
Results: 396 (87%) patients had a DIL. Baseline tumor characteristics and
overall prostate dosimetry were similar between patients with and without
DIL except the number of biopsy cores taken: 10 (10-12) vs 12 (10-12)
(p50.002). There was no difference in ADT use between cohorts (18% vs
22%; p50.09) 93 (24%), 97 (25%) and 124 (32%) patients had DILs
confined to the apex, mid gland and base respectively. DILs accounted for
a median of 16.4(12.8-20.5)% of the prostate volume. Median V150 and
V200 were 93.9 (91.0-96.5)% and 57.8 (53.4-63.4)% within the DIL
volume and 88.1 (93.2-91.5)% and 49.4 (44.7-53.8)% in the remaining
prostate (p!0.001 both cases). 19 (5%) and 18 (5%) of patients with a
DIL and 1 (2%) and 0 (0%) of those without experienced CTCAE grade 2
and 3 toxicity respectively. CTCAE toxicity grade was not significantly
associated with presence of DIL (p50.10). Estimated 7-year biochemical
relapse free survival (bRFS) was 84 (79-89)% and 70 (54-89)% in those
patients with and without a DIL (log-rank p50.315). In DIL patients, cox
regression revealed location of DIL (‘‘Base’’ vs ‘‘Apex’’ HR: 1.03; 95%
Conf-int: 1.00-1.06; p50.03) and older age (70 vs 60 HR: 1.62; 95%
Conf-int: 1.06-2.49; p50.03) as predictive of poor bRFS.
Conclusions: Targeting DIL through dose painting at the time of LDR-
BTprovided no statistically detectable increase in toxicity burden or
change in bRFS. Patients with DILs in the prostate base had slightly
higher risk of biochemical recurrence.

PO035

Short-Term Outcome of High-Dose-Rate

Brachytherapy for Localized Prostate

Cancer: A Single Institution Experience

Nana Ali, BS1, Kevin Bylund, MD2, David Gentile, MD2, Ahmad

Matloubieh, MS2, Alex Gray, MS2, Hong Zhang, MD PhD2. 1University of

Rochester School of Medicine and Dentistry, Rochester, NY, USA; 2URMC

Wilmot Cancer Institute, Rochester, NY, USA.

Purpose: There are several effective treatment options for localized
prostate cancer, including radical prostatectomy, external beam radiation,
brachytherapy, and combined radiation with or without androgen
deprivation. Brachytherapy can deliver a highly conformal dose to the
target while limiting dose exposure to adjacent normal structures. There is
growing evidence supporting the efficacy and safety of HDR
brachytherapy as a boost or monotherapy in prostate cancer treatment.

Here we report short-term outcomes of patients treated with high-dose-
rate (HDR) brachytherapy, as a boost or monotherapy, with or without
androgen deprivation.
Methods and Materials: From 4/1/2014 to 12/31/2017, a total of 164 men
were treated with HDR brachytherapy with curative intent. Of the 164 total
patients, 30 men (18.3%) underwent HDR brachytherapy as monotherapy,
receiving 25 Gy in 2 fractions. Men treated with HDR brachytherapy as a
boost received 19 to 21 Gy in 2 fractions. Fifty-two men (31.7%) and 53
men (32.3%) had high- and unfavorable intermediate-risk disease
respectively. HDR dosimetry and PSA response were recorded and
analyzed. Genitourinary (GU) and gastrointestinal (GI) toxicities were
recorded according to the Toxicity Criteria of the Radiation Therapy
Oncology Group (RTOG).
Results: The median follow-up was 18.4 months (range 3 to 56 months).
For the 164 patients, 1 patient with high-risk prostate cancer at diagnosis
died from metastatic disease, 1 patient was still alive with metastatic
disease, 2 patients exhibited biopsy-proven prostate only recurrence, and
3 patients exhibited biochemical recurrence. The estimated overall
survival at 36 months for the entire group was 98.8% (95.8% for the
high-risk group and 100% for the unfavorable- and favorable-
intermediate-risk group respectively). The median time to disease
recurrence was 55 months. The estimated disease-free survival at 36
months was 93.9% for the entire group (88.5% for the high-risk group,
94.4% for the unfavorable-intermediate-risk group, and 100% for the
favorable-intermediate-risk group). At last review, GU status had returned
to baseline in 79% of patients; 100% of patients noted no change of GI
status from their baseline. Five patients experienced urinary retention post
HDR. Dosimetrically, 97.5% of all HDR implants had D90 O5100%,
81.5% had V100O595%, 73.6% had maximal urethral doses!5120%,
and 77.5% had rectal 1 cc dose!570% (all but one!510.8 Gy).
Conclusions: We observed high rate of disease control with low incidences
of GU and GI complications after HDR monotherapy or boost in our cohort
of prostate cancer patients. Our experiences, together with growing reports
in the literature, support the idea that HDR brachytherapy with its precise
dose targeting is a safe and effective treatment option for localized
prostate cancer with minimal GU and GI toxicity.

MISCELLANEOUS EPOSTER

PO036

High Dose Rate Brachytherapy in the

Treatment of Companion Animals at a

Veterinary Center with Dedicated

Iridium-192 HDR Brachytherapy

Clayton D. Watkins, DVM1, John K. Hayes, MD, MS2, Joshua A. Bryant,

MS DABR3, Thomas P. Walsh, MS DABR3, Thomas Skidmore, MD, MS4.
1VetMed Consultants, Holladay, UT, USA; 2Companion Curietherapy, Salt

Lake City, UT, USA; 3Mountain States Medical Physics, Sandy, UT, USA;
4Gamma West Cancer Services, Salt Lake City, UT, USA.

Purpose: To communicate our early experience treating pets with Iridium-
192 HDR Brachytherapy.
Materials and Methods: In 2017 there were roughly 0.4 M dogs and 0.5 M
cats in the State of Utah and no facilities for veterinary radiation. Cancer is a
significant cause of morbidity and mortality in dogs and cats, who get many
of the same cancers as their human biological cousins. Veterinary radiation
oncology training does not include HDR brachytherapy. The smaller the
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patient or body part to be irradiated, the stronger the rationale for a form of
radiation that does not require dose buildup, such as brachytherapy.
Encouraged by initial experience treating pets with HDR brachytherapy at
a human cancer center, in 2018 we built the first radiation center for pets
in Utah, and to our knowledge, the first veterinary brachytherapy center in
the world. We obtained approval for treating pets from the State Board of
Veterinary Medicine and from the Division of Radiation Control. This
effort Resulted from collaboration between a DVM with special expertise
in diagnostic ultrasound, endoscopy and interventional radiology and
MDs with expertise in brachytherapy. The DVM learned principles of
brachytherapy from the MDs by observation of human cases. Together an
MD authorized user (AU) of radioactive materials and the DVM
determined the appropriate dose and fractionation and created a treatment
directive. The implant procedures, mostly multicatheter interstitial, were
performed by the DVM with US, fluoroscopy and CT guidance under
general anesthesia. Radiation treatment planning was CT based. The
DVM and the AU defined the target, the authorized medical physicist
created the treatment plan, which plan the AU optimized and approved.
The treatment was delivered with intensity modulated robotic gamma ray
HDR brachytherapy.
Results: From June, 2015, to December, 2018, we treated 79 companion
animals with radiation: 3 with external beam and 76 with brachytherapy (59
dogs and 17 cats). Using brachytherapy, 54 pets had 1 fraction, 8 had 2, 13
had 3 and 1 had 5. Indications for treatment were unresectable tumor (17),
subtotal resection (43) and gross total resection with positive margins (16).
The most common canine tumor site treated was nasal (22: 17 carcinomas, 2
sarcomas, 1 chondrosarcoma, 1 osteoblastic osteosarcoma, 1 squamous cell
carcinoma). Besides nasal tumors there were 7 transitional cell carcinomas, 6
soft tissue sarcomas, 6 squamous cell carcinomas, 5 mast cell tumors, 3
plasmacytomas, 1 hemangiosarcoma, 1 melanoma, 1 anal sac carcinoma, 1
rectal adenocarcinoma, 1 chondrosarcoma, 1 ameloblastoma and 1
osteosarcoma. The most common feline tumor site treated was nasal (12: 8
lymphomas, 3 carcinomas, 1 neuroendocrine). In addition, feline histologies
included spindle cell sarcoma, ectopic thyroid adenoma, neuroendocrine
tumor, odontogenic tumor, undifferentiated carcinoma and squamous cell
carcinoma (tonsil). Nasal tumors were treated with endoscopic subtotal
resection and multicatheter brachytherapy, 15 Gy in one fraction. 51 of 59
canine cases maintained local control (86%). 15 of the 17 feline cases
maintained local control (88%). 16 of 17 (94%) canine nasal carcinomas were
locally controlled. 10 of 11 (90%) feline nasal tumors were locally controlled.
Conclusions: HDR brachytherapy shows promise as a versatile and
effective treatment for many types of cancer in companion animals. Using
CT and endoscopy, we have documented more than 2 year NED FU in
nasal carcinomas, raising the possibility of cure. We have witnessed
successful limb- and function-sparing treatments, when the alternative
would have been amputation, as in the control of extremity mast cell
tumors, feline tonsillar squamous cell carcinoma and odontogenic tumor
of the maxilla and canine mandibular ameloblastoma and SCC. This is a
fertile area for research and development and mutually beneficial DVM/
MD collaboration. Brachytherapy, by virtue of its incomparable ability to
spare normal tissues, deserves study for a role in veterinary oncology to
the end of more successful and less toxic therapy for companion animals.
This presentation will illustrate select cases.

PO037

Early Clinical Outcomes for

Intraoperative Radiotherapy Following

Resection of Large Brain Metastases

John A. Vargo, MD1, Joshua Hack, MS1, Rahul Singh, MD2, Paul Renz,

DO1, Geraldine M. Jacobson, MD MPH MBA1, Christopher P. Cifarelli,

MD PhD2. 1Department of Radiation Oncology, West Virginia University,

Morgantown, WV, USA; 2Department of Neurosurgery, West Virginia

University, Morgantown, WV, USA.

Purpose: The improved preservation of neurocognition associated with
post-operative stereotactic radiosurgery (SRS) over whole brain
irradiation following resection of large brain metastases comes at a cost
of higher rates of local failure. Intra-operative radiotherapy (IORT) is an

emerging alternative which consolidates local therapy thereby reducing
the burden-of-care and ameliorating challenges in defining the post-
operative radiotherapy target. Here-in we report our clinical experience
with IORT following resection of large brain metastases.
Materials and Methods: From 10/2017 to 12/2018, 11 consecutive
patients treated with surgical resection followed by single fraction IORT
to 30Gy to the applicator surface for large brain metastases were
retrospectively reviewed. Critical organ dosimetry was calculated using
real time intra-operative neuro-navigation, with the optic apparatus and
brainstem constrained to receive a maximum dose! 8Gy. Patients were
followed with post-operative visits within 1-month following surgery and
MRI imaging every 3-months. Local control and overall survival were
calculated using the Kaplan-Meier method.
Results: The median patient agewas 67 years (IQR:58-75), median RPA class
was 2 (IQR: 2-2), and the most common primary histology was non-small cell
lung cancer in 64%. Applicator size ranged from 1.5-4.0cm. The median
maximal dose to the optic apparatus and brainstem was 0.33Gy (IQR: 0.04-
0.64) and 0.30Gy (0.15-0.63), respectively. The median follow-up was 8.6
months (IQR: 1.8-11.5). There were no acute wound complications or
radiation dermatitis following IORT; one patient (9%) had grade 2 alopecia
following salvage SRS for local recurrence at the surgical site. Two patients
(18%) died within 90 days due to pulmonary thromboembolism. One patient
(9%) had equivocal imaging findings favored to represent symptomatic
radiation necrosis over local failure on immunotherapy for metastatic non-
small cell lung cancer. There was 1 local failure at 8.8 months following
IORT, thus the 1-year local control was 75% (95%CI: 35-100%). The one
local failure was successfully salvaged with SRS for an ultimate local control
of 100%. No patients suffered leptomeningeal failure. The 1-year overall
survival was 82% (95%CI: 59-100%).
Conclusions: IORTallows for dose escalation to 30Gy to applicator surface
with minimal toxicity and promising local control at early follow-up.
Continued follow-up is warranted to assess control, late toxicity, and to
better define if leptomeningeal failure is reduced with the use of IORT
following resection of large brain metastases.

PO038

CT-Guided 125I Brachytherapy

Combined with Transarterial Infusion for

the Treatment of Unresectable or Locally

Advanced Pancreatic Carcinoma

Ma Luo, Master, Fujun Zhang, Master. Sun Yat-sen University Cancer

Center, Guangzhou, China.

Purpose: To evaluate the feasibility and clinical effectiveness of
percutaneous CT-guided iodine-125 brachytherapy combined with
transarterial infusion (TAI) for the treatment of patients with unresectable
or locally advanced pancreatic carcinoma (PC).
Materials and Methods: We retrospectively reviewed 66 patients (45
males and 21 females) with Stage III and IV PC from January 2006 to
November 2017. All patients had biopsy and pathology confirmation. A
total of 35 patients (mean age 56.6�11.4 years, range: 39-82 years)
receiving 125I brachytherapy and TAI (gemcitabine þ cisplatin) were
classified as Group A, and 31 patients (mean age 59.8�11.3 years, range:
29-77 years) who received TAI alone were categorized as Group B.
Chemotherapy drugs were administrated at pancreatic supplier arteries
through TAI. The evaluated indications were local control rate (LCR),
local progression-free survival (LPFS), overall survival (OS), treatment-
related complications, and the degree of symptom relief.
Results: The mean follow-up time was 9.1�6.8 months (range: 1-36
months). The 1-, 3-, 6-, 12-, and 18-month LCRs for Group A were 100%,
89.3%, 72.7%, 37.5%, and 33.3%, respectively; and those for Group B
were 87.1%, 69.6%, 41.2%, 14.3%, and 0%, respectively. The LCR
differed at 1, 3 and 6 months (P!0.05). The mean LPFS was 7.6�0.9
months and 5.3�0.7 months for Groups A and B, respectively (P!0.05);
however, the mean OS in both groups was not significantly different
(9.5�1.3 months vs. 9.2�1.2 months, respectively). The OS rates at 3, 6,
12, 18, 24 and 36 months for Group A were 91.4%, 71.4%, 22.9%, 8.6%,
2.9% and 2.9%, for Group B were 93.5%, 67.7%, 32.3%, 12.9%, 6.5% and
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0%. No life-threatening complications occurred during the procedures. The
symptom distribution before treatment between two groups was no
statistical difference. The relief distribution of pain and abdominal
distension after treatment in Group A was significantly better than that in
Group B (P!0.05), and that in Group A pre-treatment (P!0.05). According
to VAS pain score before treatment, in Group A was mild 5 cases,
moderate 12 cases and severe 18 cases, in Group B was mild 2 cases,
moderate 10 cases and severe 19 cases. After treatment, patients suffered
mild, moderate and severe for pain was 9 cases, 13 cases and 13 cases in
Group A, and 3, 7 and 21 cases in Group B, respectively (P!0.05); For
abdominal distension, the mean score was 2.91�0.81 in Group A, and
2.25�0.99 in Group B (P!0.05). Patients in Group A experienced better
pain control and relief of abdominal distension than those in Group B.
Conclusions: CT-guided 125I brachytherapy is a feasible, safe, and valuable
treatment for treating unresectable PC. It Results in good LPFS and relief of
clinical symptoms without decreasing OS or increasing complication.
Authors/Institutions: Ma Luo, MD. Fujun Zhang, MD. Department of
Interventional Radiology, Sun Yat-sen University Cancer Center; State
Key Laboratory of Oncology in South China; Collaborative Innovation
Center for Cancer Medicine,Guangzhou 510060, China.

PO039

Endobronchial High-Dose Rate (HDR)

Brachytherapy for the Treatment of

Refractory Benign Endobronchial

Obstruction in Lung Transplant Patients

Raed J. Zuhour, MD1,2, Ahmad Goodarzi, MD3, Jay A. Messer, MD1,2,

Gary D. Lewis, MD1,2, Simon W. Yau, MD3, E. Brian Butler, MD2, Bin S.

Teh, MD2, Andrew Farach, MD2. 1Radiation Oncology, The University of

Texas Medical Branch, Galveston, TX, USA; 2Radiation Oncology,

Houston Methodist, Houston, TX, USA; 3Internal Medicine, Houston

Methodist, Houston, TX, USA.

Purpose: With continued improvement in lung transplantation techniques
over the past few decades, there has been a steady rise in the number of
lung transplants since 2000. One possible complication after lung
transplantation is the development of severe airway obstruction secondary
to benign granulation tissue formation at the bronchial anastomotic sites,
which occurs in up to 20% of patients. These complications are typically
managed with endobronchial interventions, including balloon
bronchoplasty, argon plasma coagulation, electrocautery, laser ablation or
endobronchial stent placement. However, in refractory cases, high-dose

rate (HDR) endobronchial brachytherapy has been used to reduce of
recurrence rate of benign endobronchial obstruction, Resulting in
improved quality of life and decreased need for further interventions. The
purpose of this study was to report our institutional outcomes using HDR
endobronchial brachytherapy to treat benign bronchial obstruction
following lung transplantation.
Materials and Methods: Between February 2017 and July 2018, 5 patients
with refractory benign endobronchial obstruction were treated at our
institution with HDR endobronchial brachytherapy following stent
placement or revision. All patients were initially treated with a total dose
of 6 Gy in 2 fractions, with 5 to 14 day intervals between fractions. Dose
was prescribed to a depth of 1cm, with 1 cm proximal and distal margins
on the stent. One patient was retreated with 4 Gy in a single fraction due
to persistent granulation tissue.
Results: Median follow-up was 16.1 months (range: 5.8-22.8 months.) All
but one patient experienced clinical improvement in the degree of
obstruction after HDR brachytherapy. A one-tailed t-test was used to
compare pretreatment and post-treatment FEV1. Mean post-treatment
FEV1 for all 5 patients was 2.22 L (range: 1.27-3.25 L) compared to 2.09
L pretreatment (range: 1.27-3.00 L) (p50.004). No treatment related
complications were observed. At the time of this report, 1 patient
succumbed to unrelated malignancy; the other 4 patients are still living.
Conclusion: HDR endobronchial brachytherapy appears to be a safe and
effective treatment for benign endobronchial obstruction. Further
investigation is required to determine long term efficacy, optimal dosing
parameters, and appropriate patient selection criteria.

PO041

Interstitial CT-Guided Lung

Brachytherapy

Alan Lee, MD1, Ana Supariwala, BS1, Puja Venkat, MD1,

Sagar Patel, MD2, Mary Ann Hagio, CMD1, Sang-June Park, PhD1, David

Jeffery Demanes, MD1, Fereidoun Abtin, MD3, Scott Genshaft, MD3,

Robert Suh, MD3, Albert Chang, MD1. 1Radiation Oncology, UCLA, Los

Angeles, CA, USA; 2Radiation Oncology, Emory University, Atlanta, GA,

USA; 3Radiology, UCLA, Los Angeles, CA, USA.

Purpose: Brachytherapy has been historically used in a wide variety of
disease sites. The advent of increasingly effective systemic agents has
underlined the need for more effective local control of oligometastatic
disease. The modalities currently being studied to locally control
oligometastatic disease include cryotherapy, radiofrequency ablation,
surgical resection, and stereotactic body radiotherapy (SBRT). The usage of
brachytherapy in oligometastatic disease has been less explored. In this
analysis, we review our Results for interstitial CT-guided lung brachytherapy.
Materials and Methods: We retrospectively performed a chart review of
patients that were treated at our institution via interstitial CT-guided lung
brachytherapy from 11/1/2017 to present. Patients underwent CT-guided
placement of an introducer co-axial needle by an interventional
radiologist. A 4-French brachytherapy catheter was inserted through the
hollow co-axial needle by a radiation oncologist. Prophylactic chest tubes
were placed during time of implant if probability of pneumothorax was
deemed to be high. Patients received imaging at least every three months
to evaluate for treatment response. Follow-up imaging was reviewed by
radiology and a departmental radiation oncologist to evaluate for disease
status of treated lesions. RECIST v1.1 was used for response criteria.
Dosimetric data was obtained from brachytherapy planning software and
tabulated.
Results: 13 Patients with 19 lesions were treated with interstitial CT-guided
lung brachytherapy.Median follow- was 125 days. Six lesions had a complete
response (31%), 4 had a partial response (21%), and 9 had stable disease
(47%). No patients had local progression. No grade 2 or higher toxicities
were noted. Median V200, 150, 100 were 54.7% (Range 34.7-77.0), 73.1%
(37.6-91.7), 95.4% (63.3-99.4) respectively. Median D90 was 113.54%
(29.3-92.85). Mean dose to CTV was 66.19 Gy (23.3-92.85)
Conclusions: Interstitial CT-guided lung brachytherapy is a safe and
effective treatment for oligometastatic disease with a high complete

S84 Abstracts / Brachytherapy 18 (2019) S12eS116



response rate, durable control, and low toxicity profile. Further prospective
studies should be conducted.

PO042

Feasibility and Clinical Value of CT-

Guided 125I Brachytherapy for Metastatic

Soft Tissue Sarcoma after First-Line

Chemotherapy Failure

Zhiqiang Mo, Dr., Jian He, Dr., Xiaoming Chen, Dr.. Department of

Interventional Radiology, Guangdong General Hospital, Guangdong

Academy of Medical Sciences, Guangzhou, China.

Purpose: This study evaluated feasibility and usefulness of computed
tomography (CT)-guided iodine 125 (125I) brachytherapy for patients with
metastatic soft tissue sarcoma (STS) after first-line chemotherapy (CT)
failure.
Methods: We recruited 93 patients with metastatic STS who had received
first-line CT 4-6 times but developed progressive disease, from January
2010 to July 2015; 45 patients who had combined 125I brachytherapy
and second-line CT (Group A), and 48 patients who received second-line
CT only (Group B).
Result: InGroup A, 49 125I seed implantation procedures were performed in
45 patients with 116 metastatic lesions; the primary success rate was 91.1%
(41/45), without life-threatening complications. Local control rates at 3, 6,
12, 24 and 36 months were 71.1%, 62.2%, 46.7%, 28.9% and 11.1%, for
Group A, and 72.9%, 54.2%, 18.8%, 6.3% and 0% for Group B. Mean
progression-free survival differed significantly (Group A: 7.1�1.3 months;
Group B: 3.6 �1.1 months; P!0.001; Cox proportional hazards regression
analysis), but mean overall survival did not significantly differ (Group A:
16.9 �5.1 months; Group B: 12.1 � 4.8 months). Group A showed better
symptom relief and quality of life than Group B.
Conclusion: CT-guided 125I brachytherapy is a feasible and valuable
treatment for patients with metastatic STS.

PO043

Role of Intraluminal Brachytherapy as

Palliative Treatment in Advanced

Esophageal Cancer

Vibhay Pareek, MBBS, DNB, Rajendra Bhalavat, MD, Manish Chandra,

MBBS, DNB. Radiation Oncology, Jupiter Hospital, Mumbai, India.

Purpose or Objective: This study aims to assess the improvement in
dysphagia, associated complications and overall and disease-free survival
with intraluminal brachytherapy (ILRT) as palliative care in advanced
esophageal cancer.
Material and Methods: Thirty-four patients were treated with high dose
rate ILRT with or without external radiation therapy from 2009 to 2017
at our institute. Patients were assessed for various parameters including
disease stage, length of lesion, KPS and as per grade of dysphagia at
presentation. The patients received median dose of 6Gy at 1 cm off
axis for 2 fractions one week apart. Fourteen patients were
treated radically and 20 patients post EBRT. Multivariate analysis was
used to assess the predictors for dysphagia improvement. Remissions
of dysphagia and other clinical and radiological factors were
assessed in the first month post-treatment, and then in the third, sixth,
and twelfth months. The survival rate was compared with some
chosen clinical factors using a log-rank test and the Kaplan-Meier
method.
Results: Patients were followed up as per standard institute protocol.
Median dysphagia free survival was 12 months. Stricture was seen in 3
patients and ulceration noted in another 2 patients. However, no
tracheoesophageal fistula or procedure related complications were noted.
Complications were seen with the post EBRT group. The overall survival
in the cohort was 12 months and was better post EBRT as compared to
radical ILRT (p !0.001). On multivariate analysis, stage of disease
(p50.02), size of lesion (p50.018) and grade of dysphagia (p50.023)
were found to be predictors for improved outcomes with use of ILRT in
palliation.
Conclusion: Brachytherapy in the form of ILRT in advanced esophageal
cancer provides good palliation with minimal complications and
improved survival and quality of life to patients.

PO044

Effectiveness and Safety of CT-Guided
125I Seed Implantation for Patients with

Advanced Non-Small-Cell Lung Cancer

Wujie Wang, MD, Yuliang Li, MD. The Second Hospital of Shandong

University, Jinan, China.

Purposes: To retrospectively investigate the clinical safety and efficacy of
CT-guided 125I seed implantation in 36 locally advanced non-small cell
lung cancer.
Materials and Methods: From June 2013 to July 2018, we recruited 36
patients with locally advanced NSCLC who received percutaneous
interstitial implantation of 125I seeds under CT guidance. Preoperative
implantation plan and postoperative quality check was carried out by the
specialized medical physicist with therapy planning system. The efficacy
was evaluated based on follow-up contrast enhanced CT.
Results: CT-guided 125I seed implantation was performed in 36 patients
(20 men, 16 women; median age, 62 years; range, 48-78). The activity of
the iodine-125 ranged from 0.6 to 0.8 mCi and the matched peripheral
does (MPD)was 110-160 Gy. 5 patients were alive at a median follow-up
of 32 months (range, 8-48 months). The median survival time was 18.6
months (95% confidence interval:13.4-23.8), and the estimated 1-, 2-, and
3-year overall survival rates were 79.0%, 33.0%, and 13.4%, respectively.
No procedure related severe complications such as esophagitis, bronchial
fistulae, or life-threatening morbidity occurred.
Conclusions: CT-guided 125I seed implantation offers an alternative
effective method for treatment of advanced non-small-cell lung cancer
with minimal side effects.
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PO047

Efficacy and Complications of CT-Guided
125I Brachytherapy in Elderly NSCLC

Patients

Jing Zhao, M.D. Oncology Dep.1 of Hebei General Hospital,

Shijiazhuang, China.

Background: To evaluate the efficacy and safety of CT-guided 125I
brachytherapy alone in elderly NSCLC patients.
Materials and Methods: Twenty six elderly NSCLCpatients were included
and treated with CT-guided 125I seeds implantation as a sole treatment for
the primary tumor. The prescription dose was 80-140Gy. The response
rate (RR) and local control rate (LCR) were analyzed according to the
Response Evaluation Criteria in Solid Tumors (RECIST). Survival was
estimated using the Kaplan-Meier method. Safety and complications were
documented.
Results: All patients successfully completed the procedure and the median
follow-up time was9.4 months (range 3-31). After 6-month follow-up, for
the primary lesion, the rate of complete response (CR) was 42.3%, partial
response (PR) was 34.6%, stable disease (SD)was15.4% and progressive
disease (PD)was 7.7%. The 6-month RR were 76.9% and LCR were
92.3%, respectively. The mean overall survival (OS) was 11.7�7.6
months and the 0.5- and 1-year OS rates were 90.1% and 73.3%,
respectively. Tumor-related symptoms in patients were significantly
relieved. No severe complications occurred during and after the procedure
of 125I seeds implantation.
Conclusions: CT-guided 125I brachytherapy is an effective and safe therapy
for elderly NSCLC patients, which improved local control rate, relieved
clinical symptoms and prolonged survival without increasing side effects.

PO050

Clinical Effect of Brachytherapy

Combined with External Beam

Radiotherapy versus Brachytherapy

Alone for Patients with Soft Tissue

Sarcoma Limbs after Surgery

Yun Chuan Sun, MD, Wei Guo, MD. Department of Radiation Oncology,

Hebei Province Cangzhou Hospital of Integrated Traditional and Western

Medicine, Cangzhou, China.

Purpose: To compare the efficacy and adverse events between
brachytherapy (BT) conbined with external beam radiotherapy (EBRT)

and BT(Ir-192) alone for patients with soft tissue sarcoma limbs after
surgery.
Materials and Methods: A retrospective analysis was performed for 34
patients with soft tissue sarcoma limbs who were admitted to our hospital
from January 2009 to June 2014 and met the inclusion criteria; 19
patients were treated with EBRT conbined with BT and 15 patients were
treated with BT alone. EBRT conbined with BT was performed at 50Gy
in 25 fractions for EBRT and 10-16Gy for BT. BT alone was performed at
30-40Gy in 6-10 fractions. The overall survival (OS) rate, adverse events
and causes of death were analyzed. The Kaplan-Meier method was used
to calculate OS.
Results: For these 34 patients, the median follow-up was 21 months. The 1-
and 2-year OS rates were 93.8% and 83.3% in the EBRT conbined with BT
and 43.8% and 38.9% in the BT alone (PO0.05). The EBRT conbined with
BT had a similar proportion of patients who relapsed with the BT alone
(10.53% vs 20%, PO0.05). Compared with BT alone, EBRT conbined
with BT had a significantly increased acute skin adverse events (P50.014).
Conclusions: For patients with soft tissue sarcoma limbs after surgery,
EBRT conbined with BT was not superior to BT alone in OS rate and
local relapse, while BT alone Results in significantly lower acute skin
adverse event.

PO051

CT and Template-Guided 125I Seed

Implantation on Osseous Metastasis in

Lung Cancer

Bin Huo, MD, Xiaodong Huo, MD, Lei Wang, MD, Haitao Wang, PhD,

Shude Chai, MD. Oncology, The Second Hospital of Tianjin Medical

University, Tianjin, China.

Purpose: To investigate the efficacy and safety of 125I seeds implantation
in the treatment of osseous metastasis in lung cancer.
Materials and Methods: Based on the CT image before the implantation of
the seeds, The preoperative and postoperative TPS treatment plans and
quality verification were conducted. Under CT and template-guided, 125I
seeds were implanted into 35 osseous metastasis in lung cancer lesions of
30 patients.
Results: The patients were followed up for a median of 16 months (4-26
months). Two months after the implantation, the pain grade decreased
significantly (P!0.01). The rate of pain relief was 92.5%. Local control
rate was 90.2% and the local control rate for one year was 68%. No
serious side-effect happened to the patients.
Conclusions: Our data indicate that CT-guided 125I brachytherapy is a
good alternative method for patients who are not suitable for operation. It
can restrain the growth of tumor, relive pain, and improve life quality. It
is an effective and safe modality in the treatment of osseous metastasis in
lung cancer.
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PO052

CT-Guided 125I Brachytherapy on

Pulmonary Metastases after Resection of

Rectum Cancer

Bin Huo, MD, Xiaodong Huo, MD, Lei Wang, MD, Haitao Wang, PhD,

Shude Chai, MD. Oncology, The Second Hospital of Tianjin Medical

University, Tianjin, China.

Purpose: To evaluate the effects of CT-guided percutaneous implantation of
radioactive 125I seeds for pulmonary metastasis after resection of rectum
cancer.
Materials and Methods: 23 patients with pulmonary metastases after
radical resection of rectum cancer, 31 metastatic lesions in total, were
treated with CT-guided percutaneous implantation of radioactive 125I
seeds, at the prescription dose (PD) of 120 Gy. Six months after seed
implantation, recheck chest CT observed tumor changes compared to the
status prior to implantation. Follow-up lasted from December 2015 to
December 2017.
Results: After implantation of seeds, the tumor body received an average
radiation dose of 151.3 Gy, dose covering 100% volume (D100) 96.8 Gy.
dose covering 90% volume (D90) 130.6 Gy. Six months later, the local
control rate of metastatic lesions was 90.3%.4 cases developed
intraoperative pneumothorax and 5 cases, hemoptysis.; no change of
radioactive pneumonia.
Conclusions: The effects of radioactive 125I seed implantation for
pulmonary metastases after resection of rectum cancer is safe and effective.

PO053

HDR Brachytherapy for Primary

Treatment of Recurrent Oral Proliferative

Verrucous Leukoplakia (PVL) of the

Hard Palate: A Case Report

Jahan J. Mohiuddin, M.D.1, Rabie M. Shanti, D.M.D., M.D.2, Faizan

Alawi, D.D.S.3, Brian M. Chang, D.D.S.2, Neil K. Taunk, M.D.1, John N.

Lukens, M.D.1. 1Radiation Oncology, University of Pennsylvania,

Philadelphia, PA, USA; 2Oral and Maxillofacial Surgery, University of

Pennsylvania, Philadelphia, PA, USA; 3Dermatology, University of

Pennsylvania, Philadelphia, PA, USA.

Purpose: Oral PVL is a rare, aggressive type of oral leukoplakia that is
progressive, multifocal, and known to have a high risk of malignant
transformation (MT). A systematic review published by Pentenero et al.
found a 64% rate of MT over a median follow-up of 7 years. To date, no
effective treatment has been identified that can predictably reduce the risk
of MT. Borgana and colleagues recently reported that aggressive surgical
intervention in the premalignant phase of PVL did not influence the rate
of MT. Our group sought a novel treatment paradigm for a symptomatic

and high-risk lesion of the hard palate diagnosed as PVL within the
premalignant phase of its progression.
Materials and Methods: There are no published reports of the use of HDR
brachytherapy to treat oral PVL. Our case report describes the use of Ir-192
HDR brachytherapy with a surface applicator for primary treatment of a
high-risk lesion of the hard palate in a patient with PVL that was
symptomatic. The report includes clinical, diagnostic, toxicity, and
outcome data for the treated patient.
Results: The patient had thick leukoplakia of the hard palate that was
initially diagnosed microscopically as high-grade dysplasia and that was
refractory to CO2 laser evaporation. She was experiencing significant
disease-related symptoms including discomfort while eating and could
not comfortably wear a maxillary denture due to the thickness of the
lesion. Surgical resection would have Resulted in an extensive defect with
denuded bone and without medical evidence of the benefit of such an
aggressive surgical intervention. Therefore, a surface applicator with 7
embedded HDR catheters was created. Oral surgery fabricated a custom
appliance with embedded lead that shielded and displaced the tongue and
mandible, and also apposed the HDR surface applicator to the mucosa of
the palate. CT based planning was used to create a clinical target volume
(CTV) encompassing the disease and mucosa of the hard palate. The
patient was treated with a dose of 36 Gy in 12 fractions prescribed to the
CTV using an Ir-192 source. The patient experienced expected grade 3
mucositis of the hard palate and dorsal tongue requiring tramadol and
viscous lidocaine. At three-month follow-up, the patient had complete
response to treatment with full recovery from the acute toxicities of
radiotherapy and remains symptom-free with a significant improvement in
her quality of life.
Conclusions: PVL is a progressive disease of the oral cavity that can be
difficult to treat, with high recurrence rates after surgery and a high rate
of MT. Brachytherapy using a custom surface mold is feasible, may be an
effective treatment option for oral PVL, and allows for optimal sparing of
the uninvolved mucosa of the oral cavity.

PO055

Clinical Research on 125I Seed

Implantation in Treatment of Para-Aortic

Lymph Node Metastasis

Xuemin Di, M.M, Yansong Liang, M.M, Huimin Yu, M.M., Hongtao Zhang,

M.D., Juan Wang, M.D. Oncology Dep.1 of Hebei General Hospital,

Shijiazhuang, China.

Objective: To evaluate the safety and efficacy of CT guided radioactive 125I
seed implantation forpara-aortic lymph node metastasis.
Methods: From October 2012 to September 2016, 25 patients with PALN
underwent 125I seed implant brachytherapy under CT guidance . The
lymph node were 2.1 ~ 8.9 cm in vertical diameter, the diameter !5cm
were 52%,and the diameter $5 cm were 48%. Using computer treatment
planning system the dose was calculated.7 patients were underwent 3D
print tamplate guided 125I seeds implantation .The rest were underwent
traditional method, Dosimetry verification was performed after operation.
The dose related parameters including D90,V90 were compared between
pre and post operation.The postoperation V90 values of the two groups
were also compared. To observe the lesion size changes,Karnofsky
score(KPS), numeric rating scales (NRS) and complications of
postoperative.Kaplan Meier - survival analysis comparison (tumor
diameterO 5 cm and! 5 cm) survival differences.
Results: Follow-up period for this group of patients was 6-36 months, CR
was 7 cases , PR was13 cases , SD was 4 cases , PD was 1 case . The 6
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-month local control was 96%,the effective ratewas 80%,The 6-, 12- and 24-
month month of survival rates was84%, 61.3%, 34.5%,respectively, the
median survival time of 13 � 4.5 months.The median survival time were
(18.0�0.0) and (13.0�3.4) months respectively in O 5 cm and! 5 cm.
KPS rose from (76.0 � 13.2) to (84.8 �8.71), P 5 0.00; pain reduced
from (3.5� 2.8) to (1.0� 1.4), P 5 0.00. The patients of 3D tamplate pre
and post operation D90 were (86.8 � 9.4) Gy, (82.9� 9.4) Gy,
respectively, P 5 0.07; V90 (94.2% � 2.9%),(94.1% �3.5%)
respectively, P 5 0.97,the differences had no statistical significance (PO
0.05). The patients of traditional method pre and post operation D90 were
(70.2 � 12.6) Gy, (65.1�16.3) Gy, respectively, P 5 0.04; V90 (94.9%�
2.3%),(90.0%� 3.1%) respectively, P 5 0.00 ,the difference was
statistically significant (all P! 0.05). The postoperation V90 values of the
two groups difference was statistically significant (P! 0.05) (Z 5 2.3,
P 5 0.01). 1 cases in postoperative was observed duodenal - cecum
fistula. No major complications such as massive hemorrhage, intestinal
infection, bone marrow suppression , seed displacement and other related
to the procedure occurred during the therapy.
Conclusion: CT guided radioactive 125I seed implantation for para-aortic
lymph node metastasishad obtained the satisfactory curative effect, was a
safe and feasible method.

PO057

Radiologically Occult Lung Cancer That

Can Be Treated Curatively with High

Dose Rate-Endo Bronchial Brachytherapy

Deepinder P. Singh, MD1, Khush Aujla, MD1, Ahmed Matloubieh, MS1,

Abhishek Chaturvedi, MD2, Michael Nead, MD3, Kevin Bylund, MD1.
1Radiation Oncology, University of Rochester, Rochester, NY, USA;
2Imaging Sciences, University of Rochester, Rochester, NY, USA;
3Pulmonary Medicine, University of Rochester, Rochester, NY, USA.

Purpose: Early stage non-small cell lung cancer (NSCLC) can be cured
with surgery or Stereotactic Body Radiation Therapy (SBRT) in majority
of cases. However, patients with early stage NSCLC not amenable to
surgery or SBRT poses a challenge as modalities like cryotherapy,
photodynamic, or laser therapy only offer short term palliation but not
cure. We present a case of radiologically occult NSCLC that was not a
candidate for surgery or SBRT, and treated with curative intent High Dose
Rate-Endo bronchial brachytherapy (HDR-EBBT).
Materials and Methods: Mr. JV a 78 year old gentleman with known
NSCLC of the Left Lower Lobe, treated with lobectomy in 2009, who
presented to us in fall of 2010 with hemoptysis. Bronchoscopy evaluation
revealed a new friable tumor along the carina dividing the anterior and
the posterior segment of Right Upper Lobe (RUL), histologically
confirmed squamous cell carcinoma (SCC). Patient was deemed not a
candidate for surgery (previous lobectomy and current DLCO!40%) or
SBRT because lack of localization due to radiologic occult nature (lesion
not seen on CT/PET scans).
Results: The patient was planned for HDR-EBBT and underwent planning
CT scan after placement of brachytherapy catheters by pulmonologist. Dose
calculation was done based on clinical evidence of extent of endobronchial
diseasewith 1 cm of additional length proximally and distally. A dose of 700
c Gy at a distance of 0.8 cm from the source axis was prescribed to a total
length of 7cm. Patient received 4 weekly sessions and completed in

December 2010. Patient tolerated the treatment well without any acute or
late side effects. Patient was followed up every 3 months with
bronchoscopy exams and routine surveillance imaging. Patient did well
until July 2018 when he again started having episodes of hemoptysis; a
CT/PET revealed a new 2.1 cm speculated nodule (SUV of 19.3) in the
RUL lung (peripheral, posterior segment close to the fissure). This was at
least 3.5 cm away from the previous location of carina dividing the
anterior and the posterior segment of RUL. This was deemed to be a third
primary lung cancer, and was successfully treated with SBRT 5 fractions
with image guided radiotherapy. His most recent CT from December
2018 shows no evidence of disease.
Conclusion: HDR-EBBT can be safely used for curative intent in patients not
amenable for surgery or SBRT, and can yield excellent long term outcome.

PO058

Clinical Efficacy Analysis of CT-Guided
125I Radioactive Seeds Implantation for

Limited-Stage Small Cell Lung Cancer

Huo Xiaodong, Doctor, Bin Huo, Doctor, Lei Wang, Doctor, Qiang Cao,

Doctor, Haitao Wang, Doctor. Department of Thoracic Surgery, Second

Hospital of Tianjin Medical University, Tianjin, China.

Purpose: To evaluate the clinical effects and prognostic factors of Limited-
stage small cell lung cancer (LS-SCLC)treated with iodine 125 radioactive
seed implantation guided by CT.
Materials and Methods: In 128 patients of Limited-stage small cell lung
cancer treated with iodine 125 radioactive seed implantation combined
chemotherapy from Jun 2008 to Jun 2012.The short-term clinical effect and
prognosis were analyzed.Statistical software SPSS16.0 was used to analyze
the clinical and dosimetric factors that influenced the effect of treatment.
Results: The overall response rate was86.7% (111/128).After 1,2 and 3 year
overall survival rate was 77.9%,39.8%and28.0%respectively; the median
survival time was 22.0 months. The univariate analysis showed that the
following factors were main prognostic factors: age, performance status,
hemoglobin$120 g/L before treatment, smoking index,the maximum
diameter of tumor, neuron-specific enolase before treatment,subscribe for
prophylactic cranial irradiation (PCI),number of chemotherapy
cycle,chemotherapy response,prescribed dose (PD), postoperation dose
covering 100% volume (D100), remedial model.However, multivariate
analysis revealed that age, ps, hemoglobin$120 g/L before treatment and
PD,the maximum diameter of tumor ,number of chemotherapy
cycle,chemotherapy response, and remedial model were the independent
risk factors for predicting the survival.29 patients occurred aerothorax ,
The incidence of aerothorax was 27.7%,16 patients occurred hemoptysis,
incidence was12.5%.
Conclusions: iodine 125 radioactive seed implantation therapy could be
more effective in the treatment of LS-SCLC. Age, ps, hemoglobin$120g/
L before treatment,the maximum diameter of tumor ,number of
chemotherapy cycle,chemotherapy response,and remedial model might be
the main prognostic factors for patients treated for LS-SCLC.
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Dosimetry Verification of 125I Seed

Implantation for Locally Advanced

Pancreatic Carcinoma Assisted by Plane

Template and CT Guidance

Wujie Wang, MD, Yuliang Li, MD. The Second Hospital of Shandong

University, Jinan, China.

Purpose: To compared the difference of dose distributions between
preoperative plans and postoperative plans of 125I seed implantation for
locally advanced pancreatic carcinoma assisted by plane template with
CT guidance and investigate the dose accuracy.
Materials and Methods: A total of 8 patients with locally advanced
pancreatic carcinoma enrolled in the study. The tumors were punctured
using 18G needles (length, 150-200mm) through the anterior approach
assisted by plane template and CT guidance. Then the 125I seeds was
implantation into the lesions according to the preoperative plan.
Postoperative plan was performed after the procedure. The dose
parameters included number of seeds, D90, D100, V90, V100, V150. The
statistical method was the paired t-test.
Results: The matched peripheral does(MPD)was 120Gy.The preoperative
mean number of seeds, D90, D100, V90, V100, V150 were 36�12.9,
12718�1177.8, 6903.8�628.5, 96.2�1.9%, 92.5�3.1%, 62.8�2.9%
respectively. The postoperative mean number of seeds, D90, D100, V90,
V100, V150 were 39.6�14.9, 12861.2�997, 6917.1�661.8, 95.4�1.9%,
91.9�2.9%, 62.1�2.5% respectively .The P values of mean number of
seeds, D90, D100, V90, V100, V150 of the two group were 0.132, 0.577,
0.65, 0.007, 0.126, 0.081 respectively. There was no significant difference
in P values between pre and post operation except V90.
Conclusions: The guidance of plane template and CT can provide good
accuracy for 125I radioactive seeds implantation.

PO061

Why Your Request Was Denied

Joseph P. Imperato, MD FACR. AIM Specialty Health,

Northbrook, IL, USA.

Purpose: Radiation oncologists are required to obtain authorization from
the insurance company for their patient’s treatment. This is often a major
source of frustration for the both the physician and patient due to the
limitations of insurance policies. This talk will review the most common
reasons for claim denials and describe a process by which physicians and
their staff can submit requests which will maximize their likelihood of
achieving authorization. Insurance companies are requiring all patients
scheduled to undergo radiation therapy to have their treatment authorized
prior to beginning therapy. The main reasons why many requests are
denied are often due to the manner in which they are submitted: The
request lacks pertinent information, such as what treatment is being used
(concurrent chemotherapy, deep inspiration breath hold).The request has
incorrect information (dose/fraction is wrong, staging is incorrect)The
request is missing critical information (3D/IMRT plan comparison, prior
radiation treatment).The request does not meet standard published criteria
(ASTRO or NCCN Guidelines) with no explanation as to why.The request
is for a procedure for which there is little to no published data (treatment
of oligometastasis)The request includes codes for which there is no
indication, often with the physician being completely unaware of what
the code is for, or why it was requested. (Special Treatment Procedure
and Special radiation Physics Consult being two of the most common) In
most cases, the needed information is detailed in the published insurance

company guidelines, which are rarely reviewed prior to a submission.
While this may initially seem to be an onerous process, in the long run it
would allow for the creation of standardized requests formats which non-
clinical staff, who often enter these requests, would be able to follow.
Furthermore, understanding the requirements that need to be met would
greatly improve the chance of a Peer to Peer interaction being successful.
Conclusion: Establishing a standardized process for entering a request to an
insurance company can make the likelihood of that request being successful
much higher. This greatly reduces staff time required to amend the request
or to send faxes, and greatly reduces the need for a Peer To Peer encounter,
which can often be time consuming and frustrating, because the physician
lacks the information he needs for a positive adjudication.

PO062

Direct Cost for Low Grade Prostate

Cancer Treatment in a Spanish Private

Practice: Cost Comparison for Radical

Prostatectomy, Volumetric Arc Therapy

(VMAT), SBRT, HDR Monotherapy

Single Fraction and I-125 Implant

Luis Larrea, MD, PhD1, Enrique Lopez-Mu~noz, MD, PhD1, Veronica

Gonzalez, MD, PhD1, Paola Antonini, MD1, Mateo Perez-Mestre, MD2.
1Oncologia Radioterapica, Hospital Vithas NISA Virgen del Consuelo,

Valencia, Spain; 2Urologia, Hospital Vithas NISA Rey don Jaime,

Castellon, Spain.

Purpose: To compare direct costs for localized low grade prostate cancer
treatment associated with radical prostatectomy, VMAT radiation therapy,
SBRT (Stereotactic Body Radiation Therapy), HDR single fraction and I-
125 implant in our private health system.
Materials and Methods: A retrospective review of different modalities of
treatment costs in US dollars ($) for low grade localized prostate cancer was
conducted in a sample of patients treated for localized prostate cancer in
Vithas NISA Hospitals (Spain). All of them were T1-T2 N0 M0 tumors,
Gleason score prognostic group 1 and 2 with PSA levels less than 10 ng/
mL. The direct procedure costs and indirect costs were evaluated. We
included indirect costs associated with daily transportation, successive
and emergency room visits, readmission, complementary tests and costs
associated with specific side effects during the first 3 months.
Results: Mean direct costs described in retropubic radical prostatectomy
(RRP) were $-7,730 (range $-5,108-8,995) compared to $-8,972 (range
$-6,558-10,740) of laparoscopic radical prostatectomy (LRP). VMAT had
a mean direct cost of $-10,863. Single fraction HDR brachytherapy mean
costs ascended $-10,313. I-125 seeds permanent implant $-12.889. SBRT
technique total direct costs added up to $-11,733. Taking into account
specific indirect costs, RRP would ascend to $-13,829 and laparoscopic
$-11,098 (table 1). Treatment modality VMAT will rise up to $-10,889
and HDR single fraction will cost $-10,707. The total cost for implant I-
125 seeds will be $-13,282 and (Euro-dollar exchange 1,14).
Conclusions: We can Conclude that the previously described techniques
had similar direct costs. However, indirect costs are considerably higher
in patients who underwent surgery. If single fraction HDR brachytherapy
becomes the standard treatment for localized prostate cancer, the costs
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would be significantly lower, also if you add the socio-emotional value that
one- day treatment. We had not included total social costs.

GYN EPOSTER

PO063

Rectal Toxicity with MUPIT Interstitial

Brachytherapy - Predictors, Clinical and

Dosimetric Outcomes

Vibhay Pareek, MBBS, DNB, Manish Chandra, MBBS, DNB, Rajendra

Bhalavat, MD. Radiation Oncology, Jupiter Hospital, Mumbai, India.

Purpose or Objective: Late rectal toxicities are a concern associated with
Interstitial Brachytherapy for various indications in pelvic malignancies. In
this study we evaluate the rectal toxicities associated and look in to the
clinical correlation with the predictive factors associated with such
toxicities associated with high dose rate pelvic interstitial brachytherapy.
Material and Methods: From January 2010 to December 2016, 35 patients
with residual or bulky cervical disease and vaginal vault recurrence were
included in the study. Patients received external radiation 50 Gy in 25
fractions over 5 weeks with weekly cisplatin. Rectum and rectal mucosa
were delineated along with other organs at risk. The dose received by 0.1,
1, 2, 5 cc of rectum, RM, and sigmoid were assessed for dosimetric
analysis. The 2Gy equivalent dose was evaluated for all the organs at risk.
With assessment and grading of toxicities on the follow up, the predictive
factors associated with rectal toxicities with brachytherapy were assessed
using univariate analysis. The Coverage Index (CI), dose homogeneity
index (DHI), overdose index (OI), dose non-uniformity ratio (DNR),
external volume index (EI), conformity index (COIN) and dose volume
parameters recommended by GEC-ESTRO were evaluated. The patients
were followed up and toxicities were graded as per the RTOG scales and
local control rates and disease free survival were evaluated.
Results: The median follow up of the patients was 30 months and grade II
and grade III toxicities were seen in 5 (14.2%) and 1 (2.8%) patient
respectively. The mean CTV volume was 154 cc. The median number of
needles was 18 (Range 15 - 20). Median CI, DHI, V150, V200, DNR, OI,
EI and COIN was 0.81 (range: 0.74 - 0.87), 0.7 (range: 0.59 - 0.79), 81cc,
29 cc, 0.42 (range: 0.25 - 0.47), 0.07 (range: 0.05 - 0.14), 0.12 (range:
0.06 - 0.16) and 0.81 (range: 0.69 - 0.89). On Univariate Analysis, D0.1-
cc Rectal Mucosa dose O70 Gy (p 5 0.02), D1-cc Rectal Mucosa dose
O67 Gy (p!0.001), D2-cc Rectal Mucosa dose and D5-cc Rectal Mucosa
dose O60 Gy (p 5 0.001) correlated with Grade $II toxicity.The 2Gy
equivalent dose for D2 cc rectum and rectal mucosa associated with 10
and 20% risk of rectal toxicity were found to be 56 and 67Gy and 54Gy
and 64Gy respectively.
Conclusion: CT based planning using MUPIT for gynecological
brachytherapy implants has good outcomes as assessed in our study. Plan
evaluation and documentation using various indices and parameters
recommended by GEC-ESTRO assist in objective evaluation and
reproducibility and correlate with clinical outcomes in the disease.
Limiting 2-cc RM and rectal doses within the proposed thresholds can
minimize Grade $II toxicity for gynecologic high-dose-rate interstitial
brachytherapy.

PO064

Oxford University Hospital Long Term

Follow Up Data of Vaginal Vault

Brachytherapy Following a Serious

Radiation Incident

Loryn Caulfield, Mary Costelloe, Sally Trent, MD, Amanda Horne, MD,

Amanda Horne, MD. Clinical Oncology, Oxford University NHS

Foundation Trust, Oxford, United Kingdom.

Purpose: An audit was initiated following a serious radiation incident
during vaginal vault pulsed dose rate brachytherapy treatment. The
flexible transfer probe had moved out of the correct position within the
vaginal vault applicator during the index patient’s treatment, potentially

Resulting in under treating the vaginal vault area and unacceptable
toxicity to normal tissue.
Materials and Method: A review of all patients treated with adjuvant
vaginal vault brachytherapy for endometrial cancer between May 2009-
March 2013 on the Gamma Medplus PDR unit was undertaken. The aim
was to establish the local recurrence rate and identify those with grade 4
toxicity by reviewing patient notes and electronic records.
Results: 126 patients were treated in total. There were a total of 24
deaths(19%), 5 from other causes and 19 due to recurrent endometrial
cancer(15%). Of those who had died of recurrence, 15 had metastatic
disease with no local recurrence and 4 had metastatic disease with local
recurrence.5 patients are alive with recurrence, 1 with local recurrence and
metastatic disease and 4 with metastatic disease without local recurrence.
Of the 5 patients with endometrial local recurrence post brachytherapy, 1
patient is alive and there have been 4 deaths. All 5 patients had metastatic
disease in addition to local recurrence. This gives a local recurrence rate of
4% for all stages. Stage was known for 120 patients. 81 patients had stage
1 disease and 3 developed local recurrence which gives a local recurrence
rate of 3.7%. 22 patients had stage 2 disease and 1 developed local
recurrence which gives a local recurrence rate of 4.50% . 17 patients had
stage 3 disease and 1 developed local recurrence which gives a local
recurrence rate of 5.90%. 5 patients developed grade 4 toxicity and all had
vaginal ulceration. Biopsies confirmed no recurrence but changes in
keeping with radiation. 2 patients healed spontaneously, 3 patients required
surgery and of those, 2 had plastic surgery. 1 affected patient has
subsequently developed bladder cancer in close proximity to site of
ulceration. 1 patient has died from primary peritoneal cancer. The index
patient has had no long term sequelae to date and not developed local
recurrence. All patients with grade 4 toxicity and the index patient received
sole brachytherapy treatment of 28Gy and no external beam radiotherapy.
Conclusion: With more than 5 years of follow up, the local failure rate is in
keeping with that reported in international trials for adjuvant endometrial
cancer. The index patient and 5 patients with vaginal ulceration have been
supported throughout this time. The incident was reported to the
manufacturer and the relevant authorities. The manufacturer subsequently
withdrew this particular equipment for use in PDR treatment.

PO065

Topical Sucralfate as a Treatment for

Radiation-Induced Vaginal Mucositis: A

Case Series

Ritu Arya, MD, Jessica Jutzy, MD PhD, Christina Son, MD, Yasmin

Hasan, MD. Cellular and Radiation Oncology, University of Chicago,

Chicago, IL, USA.

Purpose: Radiation (RT)-induced vaginal mucositis is an underreported
subacute and late RT toxicity causing dyspareunia and vaginal bleeding in
many women treated for gynecological malignancies. Currently, however,
no approved treatment exists. Based on previously reported therapeutic
benefits of topical sucralfate in other mucosal sites and limited data
regarding the efficacy of supportive treatment agents for vaginal
mucositis, we present outcomes of vaginally administered sucralfate
douche in the treatment of RT-induced vaginal mucositis.
Materials and Methods: A chart review of women consented to an IRB
approved protocol for data collection seen in post-treatment follow up for
gynecologic malignancies between January and June 2018 was
conducted. Women prescribed vaginal sucralfate for O grade 2 delayed
mucositis defined as mucositis presentO 50 days after the completion of
RT were identified. The EORTC CTCAE scale was used to grade vaginal
mucositis. Documented mucositis grade and photos of the vaginal mucosa
from the initiation of sucralfate treatment and subsequent follow up visits
documented in the patient chart were reviewed. If photos/grading were
unavailable, 2 treating physicians independently evaluated the chart and
graded mucositis at each identified visit. Patients were prescribed liquid
sucralfate as a vaginal retention douche (15-30mL) administered daily
until the time of their next follow up (O 28 days).
Results: Of 9 women identified (patient and treatment characteristics in
Table1), 7 were treated definitively for cervical cancer and 2 adjuvantly
for endometrial cancer. Median external beam dose was 50.4 Gy (range
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45 -61.6 Gy) and 89% received a brachytherapy boost (intracavitary or
interstitial) with median dose of 30 Gy (18 - 32.8 Gy). Median age of
diagnosis was 51 (range 31 - 66). Median time from completion of RT to
prescription of sucralfate was 288 days (range 54 - 672 days). Sucralfate
treatment lasted a median of 196 days (range 28-310 days). At the
initiation of treatment 44% (4/9) women had grade 2 vaginal mucositis
and 56% (5/9) had grade 3. Mucositis improved by at least 1 grade in all
women and 22% (2/9) had complete resolution of symptoms. 44% were
also prescribed rectal sucralfate enemas and demonstrated improvement
in rectal toxicity.
Conclusions: Vaginal sucralfate shows promise as a moderately effective
treatment for RT -induced vaginal mucositis and warrants further
investigation.

PO066

Re-Irradiation for Vaginal Recurrence of

Endometrial Cancer: Outcomes and

Toxicity of Salvage Image-Guided

Brachytherapy

Gabriela M. Alban, MD, Teresa Cheng, MPH, Lisa Singer, MD, PhD,

Pierre McLaughlin, MD, Betty Krechmer, PA-C, Jennifer Pretz, MD,

Martin King, MD, PhD, Larissa Lee, MD. Radiation Oncology, Dana-

Farber Cancer Institute/Brigham and Women’s Hospital, Boston, MA,

USA.

Purpose: Clinical outcomes for salvage treatment of recurrent endometrial
cancer are historically poor for patients who received radiation (RT) in the
adjuvant setting. In PORTEC-1, the 5-year survival after vaginal relapsewas
43% for 7 patients who received adjuvant pelvic RT compared to 65% for
the 32 patients in the control group. We evaluate clinical outcomes and
toxicity of salvage image-guided brachytherapy (BT) for patients with
vaginal recurrence (VR) of endometrial cancer in the re-irradiation setting.
Materials and Methods: We identified 113 women with VR of
endometrial cancer who received salvage image-guided brachytherapy
(BT) with or without pelvic radiation from 2003 to 2017. Patients with no
prior RT (n581) were excluded, Resulting in a cohort 32 patients. The
BT modality was HDR interstitial in 27 patients, HDR intracavitary in 4
and LDR interstitial in 1. BT application and treatment planning was
performed under CT- (25) or MR-guidance (7). For the outcomes
analysis, only patients withO6 months follow-up were included (n525).
Kaplan-Meier method was used to estimate rates of vaginal failure (VF),
recurrence-free survival (RFS) and overall survival (OS). Late toxicity
was graded by CTCAE version 4.03. Median follow-up for surviving
patients was 25 months (range, 12-45).
Results: Median age at recurrence was 63.8 years (range, 34.7-93.6). Most
patients (28, 88%) had endometrioid histology and 4 (12%) had non-
endometrioid. The median time from hysterectomy to VR was 24 months
(range, 5.8-137). Details of the prior adjuvant RT as well as the treatment
parameters for salvage BT are summarized in Table 1. The cumulative
prescription dose and HR-CTV D90 were lower in patients who received
salvage BT alone compared to those treated with EBRT þ BT (both p!
0.01). VF was reported in 7 patients, including 3 with local only failure,
at a median of 13 months (range, 9-23) after salvage BT. At 3 years, rates
of VF, RFS and OS were: 39%, 44% and 65%, respectively. The 3-year
VF rate was 57% for patients treated with salvage BT alone vs 31% for
EBRTþBT (logrank p50.4). There was no difference in HR-CTV D90
for patients with or without VF (medians 65.8 Gy and 69.9 Gy,
respectively, p50.5). Late grade 3 GI and GU toxicities were noted in 6
patients (24%); 4 had GI toxicity (16%), including 3 with diverting
colostomy, and 3 had GU (12%). There was no grade 4 or 5 toxicity. Four

patients (16%) had grade 3 vaginal toxicity, including 3 with vaginal
stenosis and 1 with necrosis. Six patients (24%) were long-term survivors
without evidence of recurrent disease with at least 54 months follow-up.
Conclusions: Recurrent endometrial cancer treated with salvage BT
Results in modest local control and an increased risk of severe late
toxicity in the re-irradiation setting. However, a subset of patients may
achieve long-term disease control and further study of the optimal EBRT
and BT parameters for re-irradiation is needed.

PO068

Directionally Modulated Ir-192

Brachytherapy Using Simple 3D Printed

Shielded Applicators

lawrie Skinner, PhD1, Thomas Niedermayr, PhD1, Benjamin Fahimian,

PhD1, Nicolas Prionas, MD, PhD1, Joseph Perl, PhD2, Elizabeth Kidd,

MD1. 1Radiation Oncology, Stanford University, Palo Alto, CA, USA;
2SLAC, Stanford University, Menlo Park, CA, USA.

Purpose: Gynecologic cancers such as stage IIIA cervical, recurrent
endometrial, and primary vaginal cancer often involve only a portion of
the vaginal wall. Yet most brachytherapy applicators provide highly
symmetric dose distributions with only limited radial modulation of the
dose. While multi-channel vaginal cylinders offer some modulation,
shielded designs are needed to create clinically useful asymmetric dose
distributions that improve dose conformality and sparing of organs at risk
(OAR). Here we have designed and 3D printed novel shielded applicators
that provide this modulation where desired, and radially symmetric
distributions otherwise, without any complex mechanical moving parts.
Materials and Methods: A shielding optimization program was written
that calculates dose distributions for a given arrangement of shielding and
radiation sources. This program then optimizes the shielding arrangement
to produce clinically useful shielded applicator designs. We evaluated
different shielding designs with the goal of identifying an arrangement
that could produce directional shielding or full prescription dose at 5mm,
by adjusting the dwell times in each channel. For production, a novel 3D
printed filament that is 95% tungsten and 5% PLA plastic by weight
(FilametTM, The Virtual foundry, WI), was printed on a modified multi-
Material 3D printer (Ultimaker, Geldermalsen, Netherlands). The 3D
printed tungsten composites allow complex shielding shapes to be
manufactured at densities of 10 g/cc, providing an HVL of 5.5 mm for Ir-
192. 3D CAD designs were produced using Fusion 360 software.
Results: Shielding designs, with simple shapes, such as straight septa,
create uneven dose distributions with hot and cold spots. This can make it
difficult to keep the 200% isodose line (IDL) inside the applicator, while
having the 100% isodose line (IDL) extend to at least 5 mm from the
applicator. It was found that care should be taken in the design to obtain
reasonable dose distributions when all dwells are equal as modulation
cannot achieve symmetric distributions if the shielding design does not
allow it. An example basic shielding arrangement is shown in the figure
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section A, with one source off and all other equal. Optimised designs,
however, allow for directional dose modulation on regions where it is
required, and radially symmetric distributions where it is not.
Figure section B shows an optimized shielding design, where one dwell
position is turned off. Unlike basic designs this arrangement creates a
more homogenous dose distribution in the un-modulated areas. The figure
sections C, D show a specialized single segment shielding arrangement
that can be modulated between radially symmetric and one segment
shielded. This has advantages such as faster delivery time and lower
weight compared to the shielding designs with multiple segments, at the
cost of less flexibility. A 3D printed applicator part is shown in figure
section E. Dosimetry of these 3D printed prototypes using radiochromic
film and thermoluminescent dosimeters, will be presented. Monte Carlo
simulations, using the TOPAS package (http://www.topasmc.org/) will
also be presented.
Conclusions: The directionally modulating vaginal applicators presented
here, allow for asymmetric dose reduction without compromise in dose
delivery to other radial positions. The shield designs are mechanically
simple and have immediate application for widely used Ir-192 sources.
Such applicators have significant advantages over existing applicators that
provide less-optimal dose distributions, and less flexibility for dose
modulation. These prototype applicators have potential to advance
brachytherapy by directionally minimizing dose to OARs such as the
urethra and rectum at desired radial positions and maximize the
therapeutic ratio.

PO069

Clinical Evaluation of a Magnetic

Tracking System for Cervical

Brachytherapy Applicator Tracking

George Papachristodoulou, BEng1, Sophie Otter, MBBChir2, Adrian

Franklin, MRCP FRCR2, Alexandra Stewart, BM, DM, MRCP, FRCR2,1,

Philip Evans, PhD1,3, Andrew Nisbet, PhD1,2,3, Melanie Cunningham,

MSc Medical Physics2, Matthew Jones, MSc Medical Physics2. 1University

of Surrey, Guildford, United Kingdom; 2Royal Surrey County Hospital,

Guildford, United Kingdom; 3National Physics Laboratory, Teddington,

United Kingdom.

Purpose: Cervical cancer is one of the most common cancers that affect
women. One of the most effective ways of treating cervical cancer is
brachytherapy. The dose in cervical brachytherapy is delivered with the
use of an applicator that is placed during an operation through the vaginal
canal to reach the cervix area. The dose in then delivered with the use of
an after- loading system. The dose delivery is heavily reliant on the

position of the applicator.Although ultrasound is used to provide
information about the position of the applicator during the insertion
process, in most cases the applicator is not visible on the ultrasound
images. Therefore, the placement of the applicator mostly depends on the
experience of the clinicians and misplacement of the applicator could
Result in inaccurate dose delivery, increased levels of toxicity in healthy
tissues and even punctures in the uterus during the insertion process.
Magnetic tracking systems are currently in use in other medical
procedures for guidance of needles or for image registration. Such a
system is usually provided with ultrasound systems for registration
between ultrasound and CT/MRI images. At the time of writing there
were no evidence of a magnetic tracking system used for tracking
gynaecological applicators during brachytherapy.
Materials and Methods: A methodology was developed for tracking the
applicator in vivo and its accuracy was measured in a clinical trial
performed at the Royal Surrey County Hospital. Eight position tracking
datasets were captured from three patients. The methodology used five
external body markers (tattoos) that had their position measured using the
magnetic tracking system before the patient’s treatment CT scan. Then
ball bearings were placed on top of the markers, and the sensor was
placed inside the applicator to capture the position of the tandem’s tip.
Lastly the position of the tandem’s tip was compared between the
magnetic tracking system and the CT scanner.
Results: The Results of the trial shown that overall the developed
methodology achieved a 5mm error for the applicator position which can
be consider sufficient. The system measures the position of the applicator
inside the human body with samples at 100 ms. By comparison the errors
in position of the applicator as measured between fractions for several
studies Grigsby et al. 1993 , Kim et al. 1995 , Kim et al. 1996, Huerta
Bahena et al. 1998, Ranjan Datta et al. , Garipagaoglu et al. 2006, Berger
et al. 2007, De Leeuw et al. 2009 were greater than 1 cm.
Conclusions: In Conclusion a promising methodology was developed for
measuring the accuracy of the tracking system when measuring the
position of the applicator in cervical brachytherapy but more data will
normalise the error measurements and provide a more accurate
description for the accuracy of the tracking system.

PO070

Dosimetry Comparison between 3D

Printed Minimally Invasive Guidance

Template and Free Implantation in the

Brachytherapy Treatment of

Postoperative Recurrent Cervical

Carcinoma

Xiangkun Yuan Protomedicus. Hebei Cangzhou Hospital of Intergrated

Traditional Chinese Medicine and Western Medicine, Cangzhou, China.

Purpose: To study the dosimetry difference between 3D printed minimally
invasive guidance template and conventional free implantation in the
brachytherapy of postoperative recurrent cervical carcinoma under the
guidance of CT.
Materials and Methods: A total of 21 cases of patients with recurrent
cervical cancer after operation were enrolled from January 2017 to June
2018. After external irradiation treatment with 45 Gy/25 f, patients were
randomly divided into two groups to receive brachytherapy, among
which, 11 cases were assisted by 3D minimally invasive guidance
template, and the other 10 cases were free implantation. In the template
group, needles were inserted according to the main guide channel of the
template commissioned by medical photosensitive resin, while patients in
the other group were treated with bare hands under the guidance of CT,
which was used in both groups to adjust the position and depth of the
implant needles. After transmission of the CT images into the Oncentra
Brachy TPS system, the target organs and organs at risk were delineated
for further treatment.
Results: The D90 of HR-CTV in the template group was 6.30�0.21 Gy,
while that in the other group was 6.07�0.32 Gy(P!0.05). In addition, the
D2cm3 of bladder, rectum, and sigmoid colon was significantly decreased
in the template group as compared to the free group (P!0.05). Also, the
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number of needles used for each treatment was 5.71�1.82, while that in the
free injection group was 7.78�2.35 (P!0.05).
Conclusions: Compared with the conventional free implantation, the 3D
printed minimally invasive guidance template-assisted treatment has an
obvious dosimetry advantage in the treatment of postoperative recurrent
cervical carcinoma with shorter time of implantation and better
repeatability as well as less pain.

PO071

Adjuvant Vaginal Cuff Brachytherapy

and Patterns of Failure for Early Stage

Uterine Carcinosarcoma

Simeng Zhu, MD, Remonda M. Khalil, MS, Charlotte Burmeister, MS,

Mohamed Elshaikh, MD. Department of Radiation Oncology, Henry Ford

Health System, Detroit, MI, USA.

Purpose: Uterine carcinosarcoma (UCS) is a rare histologic type, for which
the optimal adjuvant management has not been fully established. In this
study, we evaluated treatment outcomes and patterns of failure in patients
with FIGO stage I-II UCS.
Materials and Methods: After IRB approval, our prospectively-
maintained database for women with endometrial carcinoma was queried.
Seventy-four women with early stage UCS who underwent surgical
staging between August 1992 and January 2018 at our institution were
identified. After surgery, patients were managed with observation,
chemotherapy (CT) alone, radiotherapy (RT) alone, or both CT and RT
(CRT). Wilcoxon Rank test and Chi-Squared Test of Independence were
used to assess the effect of treatment modality on various clinical
parameters. The Kaplan-Meier product-limit method was used to
calculate the rates of relapse-free survival (RFS), disease-specific survival
(DSS), and overall survival (OS). Univariate and multivariate analyses
were employed to identify significant predictors for the survival rates.
Results: Median follow-up duration was 51 months (range, 5.1-291.6
months). The median age was 67.0 years. Distribution of FIGO stages was
as follows: 48 women (65%) with FIGO stage IA, 17 (23%) IB, and 9
(12%) II. After surgery, 8 (11%) patients received RT alone, 19 (26%) had
CT alone, 28 (38%) were treated with CRT, and 19 (26%) were clinically
observed and did not receive any adjuvant therapy. All women who had RT
received it in the form of high-dose rate (HDR) vaginal cuff brachytherapy
alone (median surface dose of 30 Gy in 5 fractions) using a single channel
vaginal cylinder. For patients who received chemotherapy, a median of 6
cycles (range, 3-6 cycles) of carboplatin and paclitaxel were administered.
As of the most recent follow-up, 25 (34%) patients experienced recurrence
of disease: 3 in the vagina only, 1 in the pelvic region only, 4 in both
vagina and pelvic region, 1 in paraaortic region, and 16 in distant sites.
Wilcoxon Rank test and Chi-Squared Test of Independence showed that
neither the rate nor location of recurrence could be predicted by the
modality of adjuvant therapy (pO0.05). Five-year OS was 66%, 38%, 81%,
and 35%, respectively for CT alone, RT alone, CRT, and observation,
respectively (p50.008). Five-year RFS was 67%, 73%, 76%, and 44%,
respectively for CT alone, RT alone, CRT, and observation, respectively
(p50.16). Five-year DSS was 76%, 71%, 81%, and 45%, respectively for
CT alone, RT alone, CRT, and observation, respectively (p50.07).
Conclusions: Our Results suggest that adjuvant vaginal cuff brachytherapy
combined with chemotherapy for women with early stage uterine
carcinosarcoma is likely to produce the best survival outcome, but a
larger study is needed to further confirm the benefits.

PO072A

Survival Benefit of Radiation in High-

Risk Early-Stage Endometrioid

Carcinoma

Michael Xiang, MD, PhD, Elizabeth A. Kidd, MD. Radiation Oncology,

Stanford University, Stanford, CA, USA.

Purpose: Radiation improves local control of early-stage endometrial cancer,
but whether it confers a survival benefit is unclear. High-risk patients (stage IB

grade 3 and stage II) were excluded from prior clinical trials of radiotherapy,
and national guidelines such as NCCN permit substantial variability in
treatment, indicating the need for additional research.
Materials and Methods: Patients diagnosed 2004-2013 with FIGO stage
IB grade 3 and stage II endometrioid cancer who underwent at least total
hysterectomy were identified in SEER-Medicare. Adjuvant treatments
included brachytherapy (BT), external beam radiation (EBRT), and
chemotherapy. The outcomes were death from endometrial cancer
(cancer-specific mortality [CSM]) and local recurrence, analyzed using
Gray’s test and Fine-Gray regression.
Results: A total of 1,095 patients were identified: 52% received BT, 56%
received EBRT, 16% received chemotherapy, and 29% received no
adjuvant treatment. Median follow-up was 4.8 years in living patients.
Death from endometrial cancer was significantly increased for stage IB
grade 3 (n 5 491) and stage II grade 3 (n 5 149) relative to stage II
grades 1-2 (n 5 455) (5-year CSM: 18% and 23% versus 10%,
respectively; P! 0.01), while there was no difference between stage IB
grade 3 and stage II grade 3 (P 5 0.62). BT had a local control benefit
across all patients (P! 0.0001), which translated into a survival benefit in
stage IB grade 3 (adjusted hazard ratio [HR] for CSM: 0.47, P 5 0.003).
EBRT had a survival benefit in stage II grade 3 (adjusted HR for CSM:
0.36, P 5 0.03). Lymph node dissection also had a survival benefit in
stage II grade 3 (P 5 0.02), but not in stage IB grade 3 or stage II grades
1-2. Chemotherapy was not significant in any of the analyses.
Conclusions: High-risk early-stage endometrioid carcinoma is a heterogeneous
population requiring customized therapy. BT was associated with a survival
benefit in stage IB grade 3, whereas regional treatment with EBRT and lymph
node dissection conferred a survival benefit in stage II grade 3.

PO072B

Oxford University Hospital Experience of

Contribution of Image Guided Adaptive

Brachytherapy Dose to Pelvic Lymph

Nodes in Locally Advanced Node Positive

Cervical Cancer

Sally L. Trent, MD1, Dilusha Ariyasena, MD2, Gordon Sands, PhD1, Ellis

Marshall, MSc1, David Polley, MSc1, Amanda Horne, MD1. 1Oncology,

Oxford Unviversity Hospitals Foundation Trust, Oxford, United Kingdom;
2Oncology, National Cancer Institute Sri Lanka, Colombo, Sri Lanka.

Purpose: Locally advanced cervical cancer is treated with external beam
radiotherapy (EBRT) with concomitant cisplatin chemotherapy followed
by high dose rate (HDR) image guided adaptive brachytherapy (IGABT).
Modern radiotherapy techniques allow dose escalation to involved pelvic
lymph nodes during EBRT. The aim of this project was to evaluate the
contribution of IGABT to the nodal volumes and assess this against our
current nodal prescriptions.
Materials and Method: Between June 2016 and July 2018 22 patients with
locally advanced cervical cancer were treated in our Institution with
Volumetric Arc Therapy (VMAT) EBRT to the pelvis with 45Gy 25# and
a simultaneous integrated boost (SIB) of up to 60Gy 25# to FDG avid
lymph nodes on staging PET/CT. Radiotherapy was delivered with
concomitant cisplatin chemotherapy. Patients were assessed with MRI
during week 4 of their EBRT so that IGABT may be planned. IGABT
was delivered between weeks 5 -7 using ring and tandem with interstitial
needles. Patients underwent both CT and MRI imaging for brachytherapy
planning. A dose of 28Gy 4# was prescribed to the HR-CTV. The
brachytherapy dose reporting considers the proximity of the nodal volume
to the various OAR’s. A retrospective review of the dose contribution
from brachytherapy to the involved lymph nodes was conducted. A rigid
bony image registration between the initial EBRT planning CT and the
day 1 brachytherapy planning CT was used to copy the nodal region
contours to the brachytherapy plan. D98%, D50% and D2% to individual
lymph nodes from the brachytherapy treatment were then calculated using
the nodal contours. It was assumed that the nodal dose did not change for
the remaining brachytherapy fractions. The Equivalent Dose in 2Gy
fractions (EQD2) was calculated for each nodal region.
Results: Preliminary Results from the first 14 patients analysed show that
brachytherapy significantly contributes to the pelvic lymph node dose.
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This was particularly apparent in external iliac lymph nodes and obturator
nodes. Median EQD2 D50, D98 and D2 from IGABT to the external iliac
lymph nodes were 2.48Gy (6.76Gy-2.11Gy), 1.68Gy (4.08Gy-1.24Gy)
and 4.87Gy (13.78Gy-3.64Gy) respectively. Median EQD2 D50, D98 and
D2 from IGABT to the obturator lymph nodes were 4.45Gy (7.86Gy-
2.54Gy), 2.78Gy (5.41Gy-1.76Gy) and 6.56Gy (12.45Gy-4.08Gy)
respectively. Median EQD2 D50, D98 and D2 from IGABT to the
common iliac lymph nodes were 0.51Gy (0.54Gy-0.48Gy), 0.39Gy (0.49-
0.38Gy) and 0.66Gy (0.69Gy-0.62Gy) respectively. Further analysis of
the remaining patients will be presented.
Conclusion: This data demonstrates a clinically significant dose
contribution by IGABT to the pelvic lymph nodes. The difference
between the D98 and the D50 can be accounted for by the steeper dose
gradient of brachytherapy compared to EBRT. As a Result of this data we
have reduced the SIB dose from 60Gy 25# to 55Gy 25# to the true pelvic
lymph nodes and from 60Gy 25# to 57.5Gy 25# to the common iliac
lymph nodes in keeping with the EMBRACE II protocol.

PO073

Increasing Awareness: Gynecologic

Brachytherapy Referral Patterns in

Northern California Demonstrate an

Unmet Brachytherapy Need in a High-

Risk Patient Population

Brandon A. Dyer, MD, Soheila Azghadi, MD, Angel Moran, MD, Yi Rong,

PhD, Stan Benedict, PhD, Richard K. Valicenti, MD. Radiation Oncology,

University of California Davis Comprehensive Cancer Center,

Sacramento, CA, USA.

Purpose: The Northern California region has higher incidence and absolute
number of cervix/uterine malignancies in minority populations compared
with national estimates. We assess regional brachytherapy utilization and
availability by evaluating referral patterns for patients completing HDR
gynecologic (GYN) BT at a tertiary cancer center, and regional vs
national tumor incidence estimates are compared.
Materials and Methods: Patients completing HDRGYNBTat our facility
were identified using ICD9/10 identifiers for cervix or uterine malignancies
within the radiotherapy treatment management software. Referring
physician information was extracted from the electronic medical record.
National cervix/uterine demographic data and age-adjusted incidence
were extracted from the Center for Disease Control US Cancer Statistics
Working Group from 2011-2015. The California Cancer Registry was
used to extract regional demographic data and available age-adjusted
incidence from 2011-2015 for Northern California, defined as counties
north of the San Francisco bay area. 2010 and 2017 United States Census
Bureau data was used to generate population estimates and race/ethnic
data. Age-adjusted incidence rates stratified by race/ethnicity for cervix/
uterine cancers were compared.
Results: 277 patients received HDR GYN BT at our facility between 12/
2013 and 12/2018. 58 physicians referred patients for treatment: 15 were
within our institution (203 patients), and 43 were from other institutions
(74 patients, Fig1). In total, 1062 implants were completed and included:
cylinder, cylinderþinterstitial needles (IS), T&R þ IS, T&O þ IS, Y-
applicator, and full interstitial approaches. There were no apparent
differences in type of HDR GYN BT delivery method between internal
and external patient referrals. By population, California is the largest state
in the country (39.5M) and accounts for 12% of the total population
(325.7M). The percent of non-White peoples in California is different vs
nationally for: Blacks (6% vs 13%, respectively), Asians (15% vs 5%),
and Hispanics (41% vs 17% respectively). For women in Northern
California overall, regional vs national incidence estimates for cervix and
uterine malignancies were lower, 7.34 vs 7.5 per 100k for cervix and 25.3
vs 26.2 per 100k for uterus, respectively (Fig1). For White and Hispanic
women, regional incidence estimates for cervix malignancies were less
than national estimates, 7.2 vs 7.4 and 8.1 vs 9.6 per 100k, respectively.
However, for Black and Asian women, estimates of regional incidence
were substantially greater than national estimates, 9.92 vs 9.0 and 10.56
vs 6.0 per 100k, respectively. For uterine malignancies, estimates for

regional vs national incidence for White women were slightly lower, 25.5
vs 26.6 per 100k, respectively. However, regional vs national incidence
estimates for Black, Asian, and Hispanic women were substantially
greater (26.2 vs 25.8, 23.0 vs 18.6, and 24.1 vs 22.9 per 100k, respectively).
Conclusions: Minority populations comprise a substantially larger portion
of the California population compared with national estimates.
Furthermore, higher incidence estimates for cervix/uterine malignancies
in these groups translate into more impacted patients. Nearly 30% of
patients completing HDR GYN BT at our high volume, Northern
California tertiary cancer center were referred from regional medical
providers for care. These regional patients are often faced with logistic
difficulties in terms of transportation and housing largely due to an unmet
brachytherapy need in the region. Ongoing advocacy for brachytherapy
training amongst radiation oncology trainees and established practitioners
is necessary to optimize patient care, treatment accessibility, and patient
outcome.

PO074

Partners in Crime? Unifying the Rectum

and Sigmoid to Better Forecast and Avoid

Late GI Toxicities

Ross Zeitlin, MD1, Manpreet Bedi, MD1, Irina Sparks, MD2, Ghulam

Mujtaba, BS1, Jason Rownd, MS1, Natalya Morrow, PhD1, Beth Erickson,

MD1. 1Radiation Oncology, Medical College of Wisconsin, Milwaukee,

WI, USA; 2Radiation Oncology, Goshen Health, Goshen, IN, USA.

Purpose: In cervical cancer patients receiving external beam irradiation
(EBRT) and intracavitary brachytherapy (BT), it is difficult to accurately
quantify dose to and predict complications associated with the sigmoid.
This may in part arise from the underestimation of tracked dose, which
can be diluted between the rectal and sigmoid volumes. This study aims
to investigate the use of unifying the rectum and sigmoid as one structure
in predicting for significant sigmoid toxicity, as well as to define other
clinical and dosimetric predictors of late gastrointestinal (GI) toxicity.
Materials and Methods: A retrospective review of patients with Stages IB-
IV cervical cancer undergoing EBRT with concurrent chemotherapy and
intracavitary BT utilizing MRI-guided high dose rate planning between
January 2008 and July 2018 was performed. Charts were reviewed for
documented GI toxicities. BT plans were restored, and rectum, sigmoid,
and rectosigmoid structures were contoured. This unique rectosigmoid
volume was constructed via a Boolean unification of the total rectum and
sigmoid volumes. Treatment plans were analyzed for the equivalent dose
at 2 Gy per fraction (EQD2) for 10cc (D10cc), 5cc (D5cc), 2cc (D2cc)
volumes of the rectum, sigmoid and rectosigmoid structures. Univariate
analysis (UVA) was performed using Fisher’s exact test to analyze if
whole pelvic dose and the administration of pelvic side wall or nodal
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boosts predict for late toxicity; logistic regression was used to assess for a
correlation between dosimetric parameters and rectosigmoid toxicity. T-
test was performed to compare groups of patients with or without
significant sigmoid toxicity.
Results: Seventy-two patients were retrospectively analyzed. Median
follow-up was 27 months. Median dose to the whole pelvis was 45 Gy.
Twenty (28%) patients had a midline block, and 19 (26%) had nodal
boosts. Two patients had late grade 2 rectosigmoid toxicity. Twelve
patients (17%) had any late grade 3 toxicity associated with the rectum,
sigmoid, bladder, small bowel, or vagina. Late grade 3 GI toxicity
occurred in 3 patients (6%), including duodenal stricture, small bowel
obstruction (SBO), rectosigmoid obstruction, sigmoid ulcer, and
rectovaginal/enterovaginal fistulae. There was one late grade 4 GI
toxicity, SBO, in a patient undergoing extended field RT. There were no
grade 5 toxicities. There was a significantly higher mean rectosigmoid
D10cc dose of 64 Gy þ/- 3 Gy vs. 60 Gy þ/- 3 Gy (p50.03) in patients
with vs. without rectosigmoid toxicity, respectively, as well as higher
mean rectosigmoid D5cc doses of 68 Gy þ/- 3 Gy vs. 64 Gy þ/- 3 Gy
(p50.04). A trend for statistical significance was seen in these patients for
mean rectosigmoid D2cc doses (73 Gy þ/- 4 Gy vs. 68 Gy þ/- 4 Gy,
p50.052). Similar differences were not reflected in the sigmoid D10cc,
D5cc, and D2cc doses. On UVA, rectal, sigmoid, or rectosigmoid D10cc,
D5cc, and D2cc values did not predict for late grade 2þ rectal, sigmoid,
or rectosigmoid complications. There was a trend for significance for the
administration of a midline block in predicting for any late grade 3þ
toxicity (p50.08). Of those with midline block, 30% (6/20) had any late
grade 3þ complications, in contrast to 12% (6/52) in those without
midline block. While midline block did not predict for late grade 3þ GI
toxicity (p50.13), 15% of midline block patients developed these
complications versus 4% in those without the block. Whole pelvic dose
and nodal boosts did not predict for late grade 3þ toxicity.
Conclusions: Though not statistically significant on UVA, there were
higher rectosigmoid doses in those with rectosigmoid toxicity, a finding
not seen using the delineated sigmoid contour. The use of a simple
Boolean unified rectosigmoid volume may alert physicians to regions of
high doses in the rectum and sigmoid that would otherwise be missed due
to dilution of dose between the two volumes. The use of a midline block
may increase the risk of high grade toxicity to organs such as rectum or
sigmoid, with these doses often overlooked in the summation of EBRT
and BT doses and may be revealed in scrutiny of the 5 and 10cc volumes.
Careful tracking of rectosigmoid doses and avoidance of volumes
receiving high dose overlap between EBRT and BT dose distributions can
help to predict and avoid complications.

PO075

Dosimetric Analysis Using the Venezia

Applicator, and Comparison with the Split

Ring Applicator, in Combined

Intracavitary/Interstitial High Dose Rate

Brachytherapy for Cervix Cancer

Elisha Fredman, MD1, Jessica Muenkel, MS1, Bryan Traughber, MD2,

Tarun Podder, Ph.D1, Serah Choi, MD Ph.D1, Bradley Ellis, MD1, John

Nakaya, MD3, Christa Nagel, MD3, Amy Armstrong, MD3, Kristine

Zanotti, MD3, Stephen Waggoner, MD3, Eleanor Harris, MD1, Rodney

Ellis, MD1. 1Radiation Oncology, University Hospitals Cleveland Medical

Center, Seidman Cancer Center, Case Western Reserve University School

of Medicine, Cleveland, OH, USA; 2Radiation Oncology, University

Hospitals Cleveland Medical Center, Seidman Cancer Center, Case

Western Reserve University School of Medicine; (Department of

Radiology) Louis Stokes Cleveland VA Medical Center, Cleveland, OH,

USA; 3Gynecologic Oncology, University Hospitals Cleveland Medical

Center, Seidman Cancer Center, Case Western Reserve University School

of Medicine, Cleveland, OH, USA.

Purpose: High dose rate (HDR) brachytherapy is an effective local
treatment for gynecologic malignancies. Hybrid intracavitary/interstitial
gynecologic applicators deliver a more conformal dose to target volumes
in locally advanced disease, though may increase doses to surrounding

organs at risk (OARs). We adopted use of a new and novel hybrid
applicator with two lunar-shaped ovoids that form a ring with ovoid holes
with the ability to pass interstitial needles at both straight and oblique
angles, a perineal template for wider parametrial and vaginal source
distribution as well as multi-channel vaginal extension caps for enhanced
proximal dose coverage (‘‘Venezia’’ Elekta AB, Sweden). We performed
a retrospective dosimetric analysis of the new applicator and comparison
with the our standard split ring (Mick Radionuclear, New York).
Materials and Methods: Thirteen patients with FIGO stage IIA1-IIIB
cervix cancer (9 squamous cell carcinoma, 1 each of adenocarcinoma,
clear cell, mixed adenosquamous and high grade serous carcinoma)
underwent concurrent cisplatin chemotherapy and external beam
radiotherapy to 45 Gy with parametrial boost as indicated, followed by
HDR brachytherapy using this new/novel applicator (28-30 Gy in 4 5
fractions). All patients had interstitial needles used to achieve acceptable
target volume coverage to PTV vs. OARs. Three patients received
brachytherapy using both the new and the split ring applicators for some
fractions. D90 to the high and intermediate risk target volumes (HR-CTV,
IR-CTV) as well as D1cc, D2cc and D5cc to surrounding OARs was
analyzed for all 13 subjects, as well as compared between the new and
split ring fractions in 3 patients who received both modalities for
comparison (differences of less than 5% were considered equivalent).
Results: For all subjects, mean D90 to the HR-CTVand IR-CTVwas 87.5%
� 2.8% and 73.6% � 5.0%, respectively. D2cc for bladder, rectum, sigmoid
colon and bowel all met ABS, GEC-ESTRO and EMBRACE II constraints.
For all three subjects treated with both applicators, HR-CTV D90 was
equivalent, with the relative variation ranging from 1-3%. Among their 36
parameters of OAR D1cc, D2cc and D5cc, however, the new applicator
Resulted in substantially lower doses in 77.8% (28 of 36; mean
improvement of 45%, range 5-114%), while the split ring yielded
moderately lower doses in 8.3% (3 of 36; mean improvement of 9%,
range 7-11%). Equivalent OAR parameters are seen in 13.9% (5 of 36).
Relative dosimetric improvement was most noted for bowel (86.7%),
rectum (37.9%) and sigmoid colon (35.1%), with a smaller differential for
bladder (12.1%).
Conclusions: In locally advanced cervix cancer necessitating combined
intracavitary/interstitial HDR brachytherapy, the ‘‘Venezia’’ applicator,
compared to our standard applicator, improves sparing of surrounding
OARs and providing similar coverage to the CTVs. The ability to
compare this novel applicator’s dosimetry with the split ring in these
three patients was a unique opportunity that is previously unreported. The
improved efficacy to spare dose to OARs while achieving adequate target
dose to CTV’s through use of interstitial needle placement without
increased toxicity is encouraging. These 13 patients were mainly treated
as outpatients with conscious sedation for their MRI guided
brachytherapy, only requiring OR placement for perineal template
needles. With its uniquely diverse and broad functionality, further study
involving this new applicator for GYN HDR brachytherapy is warranted
and will be reported by our group, along with an international multicenter
trial.

PO076

Potential Impact of Real-Time Ultrasound

Guidance with Adoption of Combined

Interstitial/Intracavitary Cervical

Brachytherapy

Ryan Thibodeau, MPH, Sean Tanny, PhD, Gary Eastwick, MD, Seung Shin

Hahn, MD, Jeffrey Bogart, MD, Paul Aridgides, MD. SUNY Upstate

Medical University, Syracuse, NY, USA.

Purpose: Assess if toxicity and dosimetry were affected by incorporating
real-time ultrasound guidance with combined interstitial/intracavitary
cervical brachytherapy.
Materials and Methods: Retrospective analysis of the first consecutive 10
patients treated with cervical brachytherapy since institutional adoption of
combined intracavitary (IC) and interstitial (IS) techniques. Patients
received high dose rate (HDR) brachytherapy boost between September
2017 and October 2018 in 5 fractions of 6 Gy. Treatment factors analyzed
included: the use of real-time transabdominal ultrasound (US) image

S95Abstracts / Brachytherapy 18 (2019) S12eS116



guidance, tumor stage, dosimetric parameters, and toxicity. Statistical
analysis was performed using a 2-tail Student’s T-Test comparing
fractions with/without US image guidance. The mean age was 42 and
mean follow-up was 239 days since HDR brachytherapy completion.
Results: Ten consecutive patients (50 HDR fractions) were included (see
Table). There were 28 fractions out of 50 that used US. Needles were
placed in 35 fractions of which 24 utilized US. Four patients had at least
one fraction of freehand IS needles without US and 6 had US for all IS
fractions. There were no cases of severe toxicity (0/6 patients) when all
IS fractions had US guidance. In contrast, two out of four patients
(patients 3 and 4; see Table) with IS without US experienced severe
bowel toxicity: colovesical fistula (60 days from treatment) and sigmoid
colon perforation (20 days from treatment). Post-brachytherapy imaging
review of both cases revealed the presence of an interstitial needle in
reasonably close proximity to the site of severe toxicity. However, the
section of needle that was within 2 cm of the site of complication was not
utilized during treatment. Dosimetric planning aims were achieved and
were within established guidelines for all patients (see Table). For
fractions that had US compared to fractions without US, the average (Gy)
HRCTV D90 was 6.54 vs. 5.95 (p!0.01), D2cc rectum 2.63 vs. 3.02 (p!
0.10), D2cc bladder 4.54 vs. 4.60 (NS), and D2cc bowel/sigmoid 3.63 vs.
3.81 (NS). The cumulative HRCTV D90 EQD2 from brachytherapy alone
of patients with/without US image guidance for a majority of fractions
was 44.80 vs. 39.75 Gy, and a combined brachytherapy and external
beam radiation HRCTV D90 EQD2 of 89.80 Gy vs. 85.30 Gy. In
addition, the average D2cc rectum (Gy) for patients with 3 or more US
fractions was 2.49 compared to 3.27 (p!0.01) with 2 or fewer US fractions.
Conclusions: These preliminary data suggest that the use of real-time
transabdominal ultrasound may improve target coverage (HRCTV D90),
reduce dose to normal tissues (rectal D2cc), and potentially avoid severe
toxicity from needle placement in close proximity to sensitive organs.
While further assessment is warranted, this has prompted the routine use
of transabdominal ultrasound guidance for combined IC/IS cervical
brachytherapy in our center.

PO077

The Impact of Radiation and

Chemotherapy on Survival Outcomes in

Stage IIIA Uterine Carcinoma: A SEER

Cohort Study, 2005-2015

Khush S. Aujla, M.D., Kevin Bylund, M.D. Radiation Oncology, University

of Rochester, Rochester, NY, USA.

Purpose: To investigate the survival impact of adding brachytherapy and or
external beam radiation therapy to chemotherapy in patients diagnosed with
stage IIIA uterine cancer.
Materials and Methods: Patients with primary labeled stage IIIA uterine
cancer were identified in the Surveillance, Epidemiology, and End Result
database program from 2005 - 2009 and 2010 to 2015. Patients were
included if they had surgery performed, and were categorized by
chemotherapy (CT), external beam (EB), brachytherapy (BT), and
combination (EBþBT) status. Age, grade, histology, and race were also
assessed. Kaplan-Meier survival curve and Cox proportional hazard
model were performed using STATA software.
Results: Of the 2400 included patients, 704 (29%) received no adjuvant
treatment, 574 (24%) received CT only, 528 (22%) received CT_EB, 418

(17%) received CT_BT, and 187 (8%) received CT_EBþBT. Outcomes did
not vary between AJCC 6th (2005-2009) and 7th edition (2010-2015) stage
IIIA diagnosis. The 5 year overall survival (OS) and disease specific
survival (DSS) for the entire cohort was 69% and 76%. Chemotherapy
significantly improved 5 year OS (73% vs. 66%) (p50.035), while EB was
not significant (71% vs. 68%) (p50.20). The addition of BT to CT and
BTþEB to CT improved 5 year OS (84% vs. 69%)(p50.015) and (83% vs.
69%)(p50.027), but the addition of EB to CT did not (75% vs.
69%)(p50.11). On Univariable analysis age, grade, histology, race,
chemotherapy, and brachytherapy were significant. In multivariable
analysis (adjusted for age, race, grade, histology, CT, and EB), any
adjuvant BT was a significant predictor of OS (p!0.001) and DSS (p!
0.001). CT (adjusted for age, race, grade, histology, EB, and BT) was also
significant for OS (p!0.001) but not DSS (p50.06) on multivariable analysis.
Conclusions: Consistent with GOG 258, the addition of external beam to
chemotherapy does not seem to improve outcomes. However, the addition
of brachytherapy to chemotherapy was associated with significantly
improved OS and CSS for stage IIIA uterine cancer in this SEER cohort.
Age, race, histology, and grade were also significant predictors.

PO078

Reporting of Dose and Volume

Specifications for ‘‘MUPIT Based HDR

Brachytherapy for Gynecological

Cancers’’ According to ICRU 58

Sahil Sood, MBBS, MD1, Lavanya Gurram, MBBS, MD1, Dheera

Aravindakshan, M.Sc., Dip.R.P.2, John Paul, M.Sc., Dip.R.P.2, Supriya

Chopra, MBBS, MD and DNB1, Jamema Swamidas, M.Sc., Dip.R.P.2,

Umesh Mahantshetty, DMRT, MD, DNB1. 1Radiation Oncology, Tata

Memorial Centre, HBNI, Mumbai, India; 2Medical Physics, Tata

Memorial Centre, HBNI, Mumbai, India.

Purpose: The International Commission on Radiation Units and
Measurements (ICRU) report 58 recommends reporting of reference
ICRU isodose volumes (Target and Treated Volumes), doses (Prescribed
dose, Mean Central Dose and Minimum Target Dose) and total reference
air kerma (TRAK) during interstitial brachytherapy. The present study is
an audit of reporting dose and volume specifications as per ICRU 58 for
Martinez Universal Perineal Interstitial Template (MUPIT) based
brachytherapy in gynecological cancers. In addition, correlation between
TRAK and isodose surface was evaluated to understand the intensity of
treatment in interstitial brachytherapy.
Material and Methods: Forty-two patients underwent high-dose rate
MUPIT based interstitial brachytherapy to a dose of 20 Gy in 5 fractions
(2 fractions per day separated by a minimum of 6 hours) over 3 days
following external beam radiotherapy between June 2017 to December
2018. Volumes encompassed by isodose lines 200% (V200), 150%
(V150), 100% (V100), 85% (V85) and 50% (V50) were obtained. Treated
volume, high dose regions (represented by V150 and V200), low dose
regions (V85), mean central dose, dose homogeneity index, OAR doses
and TRAK values were computed from data obtained from Oncentra
treatment planning system 4.5.2. The TRAK values were correlated with
V85, V100 and V150 and OAR doses using Pearson correlation coefficient.
Results: High dose regions V150 mean was 12.4 cc (SD�4.3 range: 6.84 -
23.22 cc) and V200 mean was 4.58 cc (SD �1.3, range: 2.67 - 8.03cc) and
low dose regions amounted to a mean of 75.92 cc (SD �23.5, range: 3.82 -
127.69 cc). Mean treated volume was 59.8 cc (SD�16.3, range: 33.3 - 98.9
cc) and V50 was 150 cc (SD�39.6 ,range: 82.3 - 247 cc). Mean central dose
was 3.7 Gy (SD �0.28 range: 2.92 - 4.27 Gy). Mean Dose homogeneity
index was 79.15% (SD �5.18 range: 61.7 to 84.6). Mean D2cc bladder
and rectum were 2.87 Gy per fraction (SD �0.64 range 0.58 - 3.98 Gy)
and 2.81 Gy per fraction (SD �0.66 range 0.83 - 4.77 Gy) respectively.
Mean TRAK was 0.164 cGy per fraction per hour at 1 metre (SD
�0.0289 range: 0.1130 - 0.2310). TRAK values showed significant
correlation with V50 (r50.96), V85 (r50.79) and V100 (r50.95). There
was no correlation of TRAK values with bladder and rectal 2 cc doses.
Conclusion: MUPIT based brachytherapy for gynecological cancers
reporting according to ICRU 58 suggests acceptable dose volume
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specifications. TRAK showed significant correlation with V50, V85 and
V100 isodose surfaces but not with OAR doses. TRAK is an important
parameter to be recorded and reported which gives an estimate of integral
dose and can be used as a tool for quality assurance. Correlation with
clinical outcome and toxicities is warranted.

PO080

Clinical Outcomes for Salvage High-Dose-

Rate Brachytherapy in Patients with

Recurrent Endometrial Cancer

Victoria S. Brennan, MB1, Emily Weg, MD1, Thomas Beckham, MD, PhD1,

Antonio Damato, PhD2, Rachel Grisham, MD1, Ginger Gardner, MD1,

Marisa Kollmeier, MD1. 1Radiation Oncology, Memorial Sloan Kettering

Cancer Center, New York, NY, USA; 2Department of Medical Physics,

Memorial Sloan Kettering Cancer Center, New York, NY, USA.

Purpose: Endometrial cancer is the most common gynecologic malignancy
in developed countries. Despite a favorable outcome for most patients,
treatment of local relapse at the vaginal cuff remains a challenge. Salvage
brachytherapy, with or without external beam radiotherapy (EBRT) offers
an alternative treatment strategy to surgical intervention. We retrospectively
reviewed patients who underwent salvage brachytherapy þ/- EBRT at our
institution and report our outcomes.
Methods: 52 consecutive patients with vaginal cuff recurrence (VCR)
between 2002 and 2018 were identified. Histologic subtypes were
endometrioid (n540), papillary serous (n54), carcinosarcoma (n54)
and endometrioid with sarcomatoid component (n51). 4 patients
(7.7%) had positive pelvic lymph nodes at the time of VCR. The
remainder were node negative, with no distant metastatic disease. All
patients were treated with high-dose-rate (HDR) salvage brachytherapy
either alone (n517) or with external beam radiotherapy (n535).
Salvage brachytherapy consisted of intravaginal (n538) or interstitial
brachytherapy (n514).The median dose delivered with brachytherapy
was 20Gy and external beam radiotherapy was 45Gy. 14 patients
(27%) received concurrent chemotherapy with salvage therapy. The
median age at VCR diagnosis was 68 (range 49 to 90). At initial
diagnosis, 75% of patients were FIGO (1988) stage I-II and 69% were
FIGO grade 1-2. 11 patients (21.15%) had received prior radiation (7
with brachytherapy, 3 with EBRT and 1 patient with both). 23%
received systemic chemotherapy as a component of initial therapy. All
patients had biopsy proven recurrences and were restaged at the time
of recurrence with CT/MRI or PET. Outcomes were measured from the
time of completion of salvage brachytherapy. Toxicities were graded
according to Common Terminology Criteria for Adverse Events v3.0
(CTCAE). Median follow up from salvage treatment was 27 months.
The Kaplan-Meier method was used to estimate actuarial likelihood
estimates, and Cox regression analyses were used to assess the effect
of covariates including age, histology, FIGO stageO II, grade, time to
recurrence, tumor size at recurrence, use of systemic therapy as part of
salvage treatment, and the addition of EBRT to brachytherapy as part
of salvage treatment.
Results: Thirteen of 59 patients (22%) developed a local relapse during the
followup period at a median time of 8 months. Of the patients that did not
progress locally or distantly, the median follow up time was 30mo (2-
134mo). Local relapse free survival at 12 and 24 months was 81.6% and
78.8% respectively. Distant metastasis free survival at 12 and 24 months
was 81.4% and 62.5%. Overall survival at 12 and 24 months was 95.6%
and 81.3% respectively. The addition of EBRT prior to salvage
brachytherapy was associated with a lower rate of local recurrence
(p50.013). Five patients received a second salvage brachytherapy course
after local recurrence, with 3 patients currently without evidence of
disease (median followup5 9mo). Acute grade 3 toxicity was noted in 3/
59 patients (5%) and consisted of diarrhea (n51), perianal abscess (n51)
and colitis (n51). Late grade 3 toxicity was noted in 5 patients (8.5%)
including sacral insufficiency fractures in patients who had also received
EBRT (n53) and vaginal stenosis (n52).
Conclusion: Salvage HDR brachytherapy is an effective treatment option
for women with endometrial cancer experiencing isolated vaginal

recurrence, with low rates of significant (greater than G2) toxicity. The
addition of EBRT to salvage brachytherapy was a significant predictor for
local control. There were no factors identified to predict for distant
metastases following salvage brachytherapy.

PO090

Evaluating Bladder D2cc Localization in

Gynecologic Interstitial Brachytherapy

Mitchell Kamrava, MD, John DeMarco, PhD,

Tiffany Phillips, PhD. Cedars Sinai Medical Center,

Los Angeles, CA, USA.

Purpose: Recent data from image-guided adaptive brachytherapy for
cervical cancer (Mazeron R et al. Brachytherapy 14(2):300-7, 2015)
suggests that localization of the bladder D2cc in the lower bladder is
correlated with higher rates of Grade 2-4 incontinence. It was
hypothesized that this could correlate with dose to the area of the bladder
neck/trigone and that dose to this area should be limited to ! 75 Gy.
Since this study utilized a mold technique for brachytherapy it is not
known whether similar outcomes are true with interstitial brachytherapy
using a more standard Syed-Neblett template. The Purpose of this study
was to evaluate the localization of the bladder D2cc in gynecologic
cancer patients treated with interstitial brachytherapy.
Materials and Methods: A total of 15 consecutively treated patients
between 6/2017-12/2018 were retrospectively evaluated. 10 patients had a
MRI performed, without a brachytherapy applicator, at some point during
their treatment. The length of the bladder trigone was estimated by
measuring the distance from the entry point of the ureters into the bladder
on MRI to the bladder neck. The average (SD) distance from the insertion
of the ureters to the bladder neck was 2.2 cm (0.4). Based on this
information a structure called ‘‘inferior bladder’’ was created to
encompass the inferior most 2 cm of the entire bladder. This was used as
a surrogate structure for the bladder neck/trigone. The remainder of the
bladder was defined as the ‘‘superior bladder’’. The location of the
bladder D2cc was obtained through the following process: determining
the dose of the D2cc bladder volume and converting it into an isodose
line using the Eclipse planning software and then using the Boolean
operator function to take the union of the bladder and the D2cc isodose
volume. A t-test was used to compared potential differences between
groups and significance was set at a p value! 0.05.
Results: The 15 patients treated included: 8 women with vaginal
recurrences of various gynecologic cancers, 4 definitive cervix cancers,
and 2 definitive vaginal cancer cases. 14/15 patients received external
beam radiation therapy (EBRT) prior to brachytherapy. In 10 cases
concurrent chemotherapy was used during the EBRT portion of treatment.
Interstitial brachytherapy followed EBRT and the mean (SD) EQD2(10)
of brachytherapy and EBRTþbrachytherapy was: 31.7 (4.9) and 74.5
(13.4). The mean (SD) number of brachytherapy fractions was 4 (0.8) and
the average number of catheters used was 19 (8.4). The mean (SD) HR-
CTV volume was 86.4 cc (47.0), D90 105.7 (3.8), V100 94.5 (3.0), D2cc
rectum 65.0 (7.3), D2cc whole bladder 67.9 (7.0), and D2cc bowel 61.4
(5.8). On average (SD) 64% (34) of the D2cc volume was localized in the
superior bladder. In 5 cases $ 50% of the D2cc volume was localized in
the inferior bladder. The mean (SD) D2cc values, per fraction, for the
whole, superior, and inferior bladder were 4.0 (1.0), 3.7 (1.2), and 3.3
(0.7) (p50.12). This Resulted in EBRTþbrachy EQD2(3) doses to the
whole, superior, and inferior bladder of 67.9 (7.0), 62.8 (17.1), and 59.1
(13.8) (p50.06). In 3/15 cases the D2cc to the whole bladder wasO 75
Gy (76.5, 78.3, and 77.9) but in all three cases the D2cc to the inferior
bladder was less than 75 Gy (70.1, 74.2, 70.8).
Conclusions: When using the inferior most 2 cm of the bladder as a
surrogate of the bladder neck/trigone ~33% of gynecologic interstitial
cases localized $ 50% of the bladder 2cc to this part of the bladder. In
our cohort of 15 patients no patients had an inferior bladder D2ccO 75
Gy. However, given that the dose volume histogram curve is continuous
in terms of its correlation with incontinence efforts could have been made
to optimize the dose to be lower to the inferior bladder region. This
simple technique of visualizing the location of the bladder D2cc can be
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used to help identify and potentially modify dose to the inferior region of the
bladder during gynecologic brachytherapy.

PO091

Reporting of Differential Vaginal Doses

and Dosimetric Comparison of Bladder,

Rectal, Vaginal and Urethral Doses in

Image Guided Brachytherapy with or

without High Risk Clinical Target Volume

Based Optimization

Rituraj Upadhyay, MD Radiation Oncology1, Daya Nand Sharma, MD

Radiation Oncology1, Velliyan Subramani, Phd2, Sreejesh, MS, MSc2,

Ashish Binjola, MSc2, Seema Sharma, MSc2. 1Radiation Oncology, All

India Institute of Medical Sciences, New Delhi, India; 2Medical Physics,

All India Institute of Medical Sciences, New Delhi, India.

Purpose: Intracavitary brachytherapy for cervical cancers has evolved
significantly with image guidance and consensus target delineation
guidelines. International Commission on Radiation Units and
Measurements (ICRU) Report No. 89 has defined various vaginal
reference points with respect to Posterior-inferior border of Pubis
Symphysis (PIBS). Despite defining the High-risk Clinical Target Volume
(HR-CTV), differences in dosimetry while prescribing to this volume,
especially the vaginal and urethral doses have not been studied extensively.
Materials and Methods: Forty-five brachytherapy applications in fifteen
consecutive patients of Carcinoma cervix Stage IIB - IVA were studied.
All patients were treated with external beam radiotherapy 5040 cGy in 28
fractions over 5.5 weeks using four field box technique with concurrent
Cisplatin, followed by three fractions of Image guided High Dose Rate
brachytherapy delivering 700 cGy each, 1 week apart. Tandem and Ovoid
applicator was used for all patients and dose was prescribed to the Point
A (ABS definition). Comparative plans for each session using target
based and graphical optimization were created so that the HR-CTV D90
was as close to 700 cGy as possible keeping total EQD2 dose constraints
within limits. Point-A dose, ICRU reference bladder and rectovaginal
point dose, HR-CTV D90 and D98, D2cc and D0.1 cc for Bladder,
Rectum and Sigmoid Colon, D1cc and D0.1cc for Urethra, and vaginal
doses as per ICRU 89- Right and Left Lateral (5mm) points, Mid vagina
and Lower vagina doses with reference to PIBS were noted for each plan.
Continuous variables were analyzed using Wilcoxon’s signed-rank test
and p-value less than 0.05 was considered significant.
Results: We evaluated a total of 45 brachytherapy fractions and 90 plans.
Mean(�SD) physical doses (in Gy) while prescribing to Point A (Non-
optimized planning, NOP) and HR-CTV Optimized plan (OP) are
tabulated below. Median HR-CTV volume was 43 cc. Vaginal 5mm
lateral doses for all patients were 6.8�1.6 Gy and 6.7�1.4 Gy and to the
upper, mid and lower vagina were 8.9�4.2 Gy, 2.7�1.1 Gy and 1.2þ0.3
Gy respectively. On comparison, the HR-CTV optimized plans had

similar doses to Bladder and Rectum; Sigmoid colon received lesser
mean D2cc dose (3.8 Gy vs 4.3 Gy, p50.001), while Urethra (D1cc 2.5
Gy vs 2 Gy, p!0.000) and Vaginal doses (Upper vagina 8.9 Gy vs 6.4.
Gy, p! 0.005) were significantly higher. ICRU Bladder reference point
also received a higher dose (6 Gy vs 5.3 Gy, p!0.005) while rectovaginal
point received a similar dose (5.8 Gy vs 6 Gy, p50.159).
Conclusion: HR-CTV based optimization in image guided brachytherapy
can decrease the dose to Sigmoid Colon, but it increases the vaginal and
urethral doses. Care should be exercised while plan optimization. Further
studies are warranted to standardize various methods of optimization.

PO092

Utility of Optimized Inverse Planning in

Cervical Brachytherapy Planning

Karen Vineberg, MSc, Dawn Owen, MD, PhD,

Samantha Simiele, PhD, Rojano Kashani, PhD, Shruti Jolly, MD,

Christina Hunter Chapman, MD, MPH, Lisa Young, CMD, Ashley

Dougherty, CMD, Joann Prisciandaro, PhD. Radiation Oncology,

University of Michigan, Ann Arbor, MI, USA.

Purpose: Cervical brachytherapy (BT) is challenging given the need to
meet normal tissue constraints and the time consuming nature of manual
contouring and planning . In the current study, we evaluated the
feasibility of using a commercially available BT optimizer.
Methods: Ten patients (49 fractions total) who received definitive BT boost
after 45Gy/25 fractions to the pelvis had organs at risk (OARs) and a high-
risk CTV (HRCTV) contoured. The OARs included the bladder, rectum, and
sigmoid colon. The goal was to deliver 6Gy/fraction for a total of 4 - 5
fractions. BrachyVision 15.5 (Varian) was used for plan optimization
meeting EMBRACE I and aiming to meet EMBRACE II constraints. An
optimization PTV was created by adding a 1mm margin to the HRCTV in
all directions except superiorly and inferiorly where a 1cm margin was used
on the HRCTV (but not extending below the ring applicator) and subtracting
out the OARs with a 2mm margin. The dose volume parameters of the
optimized and clinical plans, renormalized to 6 Gy/fraction, were compared.
The clinical plans were generated to deliver the prescription dose to point A.
Results: The mean HRCTV D90 for the clinical plans and optimized plans
were comparable (83.29þ14.9 Gy vs 79.86þ7.89 Gy). Overall, D2cc for the
sigmoid colon (71.97þ10.3 Gy vs 67.82þ6.1 Gy) and rectum (58.93þ14.9
Gy vs 61.61þ4.96 Gy) were also comparable. The bladder D2cc was
significantly improved with the optimized plans as the clinical plans
routinely exceeded EMBRACE I constraints (98þ16 Gy clinical vs
82.76þ3.74 Gy optimized plans; p50.01).
Conclusions: Optimizer based BT is feasible and may provide improved
bladder sparing. These findings should be validated in additional patients.
Future studies include examining the role of CT propagation as well as a
time study of manual vs optimized planning.

PO093

Does Rectosigmoid Contrast Negatively

Affect HDR Cervix Brachytherapy

Implant Dosimetry?

Megan Kassick, MD, MPH, Sarah Gao, MD, Melissa Rasar Young, MD,

PhD, Christopher Tien, PhD, Shari Damast, MD. Yale School of Medicine,

New Haven, CT, USA.

Purpose: Image-guided brachytherapy (IGBT) for cervical cancer (CC) can
be CT- or MRI- based, depending on scanner access and departmental
workflow. When using CT for IGBT rather than MRI, rectosigmoid
contrast (RSC) is beneficial for delineating the organs-at-risk (OARs) but
could theoretically distend the rectum or sigmoid wall closer to high dose
region of the implant. We examined the effect of RSC on implant
dosimetry in a retrospective cohort of CC patients who had IGBT
performed both with and without RSC.
Materials and Methods: CC patients treated at our center with HDR intra-
cavitary IGBT between 11/2015-12/2018 were included. Most patients in
this time period were treated with two separate implant insertions. First
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insertion was performed under anesthesia, imaged with both MRI and CT,
with fractions 1&2 (typically, 6.8-7Gy each) delivered over 2 days,
separated by 18 hours, with a single overnight inpatient admission. A
second insertion for fractions 3&4 was performed in a similar manner, 1
week later, but was imaged with CT exclusively. CC patients who were
treated with alternate brachytherapy schedules, low-dose-rate, or perineal
template-based interstitial techniques were excluded. All included
patients underwent a standardized bowel preparation beginning 24 hours
prior to each insertion incorporating magnesium citrate, enema, and a
clear liquid diet. Placement of RSC (40cc of diluted barium via rectal
tube) was done under anesthesia with the second implant insertion to aid
with CT delineation of the OARs for fractions 3&4. Although CT
simulation was performed also for fractions 1&2, no RSC was used at
first implant insertion, due to the performance of MRI pelvis with
applicators in situ prior to reference CT simulation. To investigate the
impact of RSC, each patient served as her own control, and CT implant
dosimetry was compared between fraction 1 and fraction 3 (Figure 1).
Demographic and treatment data were collected including cumulative
doses delivered (EQD2, Gy) to the HR CTV, rectum, and sigmoid.
Additional data collected individually for fractions 1 and 3 included the
treated volume (cc, 100% isodose line) and the minimum % of the
fractional dose delivered to 2cc of the rectum and sigmoid. Inter-fraction
mean values were compared using the Wilcoxon Rank Sum test.
Results: Data from 34 CC patients, each with distinct implant dosimetry for
fraction 1 and fraction 3, were analyzed. All cases utilized tandem and ring
applicators, and 5 also incorporated interstitial needles in a ‘‘hybrid’’
approach. The most common regimen was 7Gy x 4 fractions in 74%,
followed by 6.8Gy x 4 fractions in 26%. Mean age was 50 years (range: 26-
78). Stages were: IB1 (n54), IB2 (n55), IIA (n53), IIB (n516), and IIIB
(n56). Histologies were squamous cell (n530) or adenocarcinoma (n54).
External pelvic (þ/- para-aortic) RT dose was 45Gy in 97%, (range: 45.0-
46.8). Twenty-seven patients received nodal and/or parametrial boosts. The
mean total dose (EQD2) covering at least 90% of the HR CTV was 83.5 Gy
(range: 73.9- 90.1). The mean total D2cc rectum and sigmoid (EQD2) were
low: 51.6 Gy (range 46.8-65) and 62.5 Gy (range 48.2-74.5), respectively.
On comparison of fraction 1 and fraction 3, the mean volume receiving
100% of prescription were similar (48.51cc and 47.11cc, respectively,
p50.57). Despite the use of RSC with fraction 3 only, there were no
significant inter-fractional mean differences detected in the minimum % of
the fractional dose delivered to 2cc of rectum (26.56% and 28.85%,
respectively, p50.30) or sigmoid (50.36% and 48.48%, respectively, p5 0.44).
Conclusions: Among CC patients treated with a 4-fraction inpatient HDR
regimen incorporating strict bowel preparation, both rectal and sigmoid
dosimetry were favorable overall, with no significant differences detected
due to use of RSC.

PO094

Robust Optimization for Gynecological

High-Dose Rate Interstitial

BrachytherapyUsing Post-Hoc Uniformity

Correction

Pranshu Mohindra, MD, Narottam Lamichhane, PhD, Kimberly Marter,

CMD, Kristin Krudys, CMD, Dana M. Roque, MD, Gautam Rao, MD,

Elizabeth M. Nichols, MD, Byongyong Yi, PhD. Radiation Oncology,

University of Maryland, Baltimore, Baltimore, MD, USA.

Purpose: Graphical optimization (GO) is commonly used during forward
planning high-dose rate (HDR) interstitial brachytherapy (IB) to conform
prescription dose to high-risk clinical target volume (HRCTV) while
limiting organs-at-risk (OAR) doses. However, this typically Results in
variations in dwell times between adjacent dwell positions even within an
interstitial catheter (Figure 1a). When using IB for locally advanced/
recurrent gynecological cancers, a common fractionation approach
involves 5 fractions delivered twice daily over 3 days. During this time,
day-to-day variations in internal normal tissue anatomy (bowel/bladder
filling) can occur. Connecting and disconnecting transfer tubes for each
treatment may result in longitudinal movement of individual catheters.
Above factors could impact actual dose delivered. To mitigate the impact
of these variations, we seek to explore the impact of a post-hoc
uniformity correction (PHUC) on the GO plan and report an initial
clinical experience with using this robust optimized (RO) approach.
Materials and Methods: Radiation treatment plans of five previously
treated patients with gynecological cancers who had undergone template-
based HDR IB were re-planned using GO function within Oncentra
(Elekta, Sweden) treatment planning system. For each patient, a PHUC
was then performed on the GO plan using an in-house spreadsheet that
averages the dwell time between at least two or more adjacent dwell
positions with intent to minimize the variations in dwell-times per
catheter (Figure 1b). Plan quality parameters were recorded: D90 (dose to
90% of HRCTVO100% (primary) or 90% (secondary) prescription dose
while limiting D2cc (highest dose to 2cc volume) of small bowel, rectum
and sigmoid, bladder and D0.1cc of urethra, conformality index (CI) and
homogeneity index (HI). These parameters were compared between the
GO and PHUC generated RO plan using t-test. Clinical charts of patients
treated with RO HDR treatments were reviewed to report patient
demographics, disease, treatment characteristics along with acute toxicity
and control outcomes.
Results: Comparison between the GO and RO plans showed no significant
difference between D90, V150, V100 to HRCTV and CI and D2ccs to
rectum, small bowel and D0.1cc of urethra. HI of RO plans was higher
than that of GO (p 5 0.03) with only 3% absolute difference. Similarly,
D2cc’s of bladder and sigmoid showed statistically significant (p! 0.05)
but only 2% higher and 2% lower values, respectively. Review of dose-
distributions after PHUC demonstrated no obvious clinically meaningful
differences. Between January to December 2018, 8 patients underwent
RO HDR treatments [consecutive patients planned by one radiation
oncology provider (PM)] at our institution. Median age was 57.5 years
(range, 41-75) for an initial diagnosis of locally advanced cervical (N 5
4) or recurrent vaginal cuff (N 5 4) cancer. All patients underwent prior
EBRT to a dose of 45-52 Gy. HDR was prescribed at 4.5-5 Gy to
HRCTV. A median of 16 catheters were used (range, 13-18). All patients
completed planned treatment. With a median follow up of 4 months
(range, 0.5-9), no acute (3-month) grade $3 intestinal or bladder toxicity
were noted. For five patients with $3 month follow up, no late grade $3
intestinal or bladder toxicity were noted. At 3 months, six patients had no
evidence of clinic-radiological disease with one patient each having only
minimal residual disease and partial response.
Conclusions: Performing a PHUC to a GO HDR interstitial treatment plan
does not Result in any clinically meaningful degradation of the plan. Initial
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clinical experience demonstrates excellent toxicity and control outcomes.
The simple approach used can be extended to any HDR brachytherapy.
Future direction includes development of an education program for
clinical, dosimetry and physics residents for performing these corrections.

PO095

A Prospective Evaluation of Change in

Dosimetric Parameters in Patients of

Localy Advanced Carcinoma Cervix

Undergoing Intracavitary Brachytherapy

Upasana Mukherjee, MD. Radiation Oncology, Barasat Hospital, Kolkata,

India.

Background: Recent advances in technology have allowed the use of
volumetric imaging in gynecological brachytherapy planning. Evaluation
of interfraction organ deformation and its association with dose
distribution are essential to analyze the risk of acute and late adverse
events on Organs at risk. Data from some of the recent series have
highlighted the problem of interfraction dose variation in HDR
brachytherapy using volumetric imaging modalities.
Purpose: Keeping these previous works in the background, the aim of this
study is evaluation of interfraction change in dosimetric parameters by CT
guided imaging of Target volumes and organs at risk along with its
comparative analysis during the course of Intracavitary brachytherapy.
Methods: Following the completion of External beam radiotherapy, image
(CT) guided High Dose Rate Intracavitory brachytherapy was with a strict
bladder protocol. To analyse the interfraction change in detail, every
applicator insertion was imaged to obtain dose volume histogram parameters.
The GTV, IRCTV, HRCTV & OARs were contoured on the CT images
based on the prebrachytherapy MR image and clinical findings as well as the
present CT findings.Treatment of all the patients was provided by the
GammaMedplus HDR afterloader machine using Iridium192 .All the
contours were compared with the initial reference CT images.
Results: For a sample size of 32 patients, the systematic dosimetric
variations for all organs at risk, i.e. mean variations of D2cm3, were
found to be minor (!5%), while random variations, i.e. standard
deviations were found to be high due to large variations in individual
cases. The D2cm3 variations (mean � 1SD) were 0.7 � 17.6% and 3.4 �
23.1% for the bladder and rectum. For HR CTV, the variations of D90
were found to be �1.3 � 14.2% for the whole sample. No statistically
significant differences between the two groups were detected in
dosimetric variations for the HR CTV.
Conclusion: Substantial variations occur in fractionated cervix cancer
ICBT but the treatment approach has to balance uncertainties for
individual cases by maintaining Institution based protocol against the use
of repetitive imaging, adaptive planning and dose delivery.

PO096

Dosimetric Effects of the Smit Sleeve on

High Dose Rate Brachytherapy Plans for

Patients with Locally Advanced Cervical

Cancer

Shahil Mehta, BA1, Benjamin Farnia, MD1, Alberto de la Zerda, PhD2,

Robabeh Rahimi, PhD1, Aaron Wolfson, MD1, Lorraine Portelance, MD1.
1Department of Radiation Oncology, University of Miami Miller School of

Medicine/Sylvester Comprehensive Cancer Center, Miami, FL, USA;
2Department of Radiation Oncology, Jackson Memorial Hospital/

University of Miami Miller School of Medicine, Miami, FL, USA.

Purpose: Smit sleeves are used to facilitate insertion of the intrauterine
tandem during brachytherapy for cervical cancer. The flange of the Smit
sleeve displaces the ovoids distally. This dosimetric analysis measured the
impact of this displacement on the integral dose and dose delivered to the
organs at risk (OARs).
Materials and Methods: Eleven high dose rate brachytherapy plans in
which a Smit sleeve was used were reviewed. A second set of plans was
generated modifying the position of the ovoids to simulate removal of the

Smit sleeve. The high risk clinical tumor volume (HRCTV) dose
coverage was maintained for both sets of plans. The mean integral dose,
D2cc to the OARs (bladder, bowel, sigmoid and rectum) and the ICRU
rectum point dose were compared between the original and modified
plans using a paired two-sample t-test.
Results: Bringing the ovoids up next to the flange by simulating removal of
the Smit sleeve, lead to an average reduction in the mean integral dose of
6.1% (p !.001). The average reduction of the rectum D2cc was 10.9%
(p5.004). Doses to the remaining OARs decreased to a lesser magnitude,
the difference was not statistically significant.
Conclusions: The use of a Smit sleeve translates in the delivery of a higher
mean integral dose to achieve similar HRCTV coverage. It could also
increase the dose to surrounding OARs. The clinical significance of these
findings is unknown but the dosimetric impact of using a Smit sleeve
should be taken into consideration when choosing to use this device to
facilitate tandem insertion.

PO097

Stress Levels in Patients Undergoing

Intracavitary Brachytherapy for Cervical

Cancer

Neha Kaushik, BSc, Daya Nand Sharma, MD. Radiation Oncology, All

India Institute of Medical Sciences, New Delhi, New Delhi, India.

Purpose: Intracavitary brachytherapy (ICBT) is an integral part of the
treatment for patients with cervical carcinoma. Since the procedure of
ICBT is usually performed in operating room (OR) under anesthesia, it
may be distressing to patients. The brachytherapy procedure related distress
is rarely studied and the literature is extremely sparse. The Purpose of our
study was to evaluate the stress levels in patients undergoing ICBT.
Materials and Methods: Thirty six patients with cervical cancer, who
underwent ICBT procedure in OR under conscious sedation, were chosen
for this study. The stress levels were objectively studied in the OR by
recording their pulse rate (PR) and blood pressure (BP). These values were
retrospectively compared with the baseline BP and PR values recoded
previously during the course of external beam radiation therapy (EBRT).
The differences in values were correlated with patients’ demographic data.
Results: Median age of the patients was 48 years (range 35-74). Eleven
belonged to low socio-economic class while 25 belonged to middle class.
The mean systolic BP of the patients was 156 mm Hg in the OR during
the ICBT while the baseline was 132 mm Hg. The difference in the mean
systolic BP was 24 mm Hg. The average PR in the OR was 92 per minute
and the baseline was 76 per minute. Patients younger than 40 years of
age, widows and literates had higher values (more than 20) in the BP and
PR values in the OR.
Conclusion: Patients undergoing ICBT in the OR experience significant
stress. Proper counseling should be done to reduce this stress. The subject
needs to be researched further by conducting larger studies.

PO098

Inoperable Patients with High-Risk

Endometrial Cancer (HREC) - Is

Brachytherapy Worth the Effort?

Bhavani S. Gannavarapu, M.D., Brian Hrycushko, Ph.D., Xun Jia, Ph.D.,

Kevin Albuquerque, M.D. Radiation Oncology, UT Southwestern Medical

Center, Dallas, TX, USA.

Purpose: Comprehensive surgery, including hysterectomy and node
assessment, followed by adjuvant therapy is the standard of care for high-
risk (advanced stage/high grade) uterine cancers. For inoperable and
unresectable patients, primary radiotherapy (RT), including
brachytherapy, is indicated. The Purpose of this study is to report
outcomes for patients with HREC (stage III and/or grade 3 disease)
treated with primary RT.
Materials and Methods: A retrospective review of endometrial cancer
patients treated with primary RT at an academic medical center between
2012 and 2018 was performed. Patient and tumor characteristics, in
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addition to treatment, toxicity, and outcome data were collected.
Comparisons between patients with HREC and low-risk endometrial
cancer (LREC) were performed. Cancer specific survival (CSS) and
overall survival (OS) were determined using the Kaplan Meier method.
Results: Twenty-six endometrial cancer patients treated with primary RT
were identified. The median age of the cohort was 59 years (range 40-75).
Median follow up was 14.6 months (range 3.5-54.0). Seventeen cancers
(65%) were stage IþII and 9 were stage III (35%). Nineteen cancers
(73%) were grade 1þ2 and 7 (27%) were grade 3, including one each of
clear cell, papillary serous, mixed carcinoma (O10% serous), and
carcinosarcoma histologies. There was no significant association between
stage and grade (Fisher’s exact p50.25). Of the entire cohort, 12 patients
(46%) had HREC. Twenty-two patients (85%) underwent definitive RT,
while 4 patients (15%) underwent neoadjuvant RT followed by surgery.
Seven (27%) clinically node positive patients also received concurrent
chemotherapy. Six patients (23%) underwent HDR brachytherapy (BT)
alone and 20 (77%) underwent external beam radiation and HDR
brachytherapy (EBRTþBT). For BT patients, median CTVD90 EQD2
was 49.4 Gy (range 41.1-55.7). For EBRTþBT patients, median CTVD90
EQD2 was 70.5 Gy (range 61.4-88.7). Only one patient died from
endometrial cancer, with 100% CSS at year 1 and 2 for both HREC and
LREC patients (log rank p50.317, see figure). OS for the entire group
was 87% at year 1 and 73% at year 2. No significant OS difference was
observed between HREC and LREC patients (log rank p50.33; 83% vs
91% at 1 year, 71% vs 74% at 2 years). Four patients with HREC had
recurrent disease vs 0 with LREC (Fisher’s exact p50.03). The pattern of
failure for HREC patients treated with upfront RT was primarily distant,
with 3 of 4 recurrences Resulting from metastatic disease. One patient
treated with neoadjuvant chemoradiation followed by surgery had a
vaginal cuff recurrence. RT was well tolerated with no acute grade 3
toxicities. Two patients experienced late grade $3 toxicities, including
grade 4 hemorrhagic cystitis in a patient with a concurrent urinary tract
infection and grade 3 rectal hemorrhage in a cirrhotic patient.
Conclusions: Primary RT for inoperable HREC patients was well tolerated.
Local control and CSS were high, with most deaths attributed to non-cancer
causes. Brachytherapy remains important in the upfront treatment of HREC,
with excellent local control rates in this group justifying its continued use.

PO099

A Dosimetric Comparison of Three-

Dimensional Brachytherapy for Cervical

Cancer Based on Inserting Needle

Applicator with Three-Tube Applicator

Zhang Zhen Hua, Master, Pang Hao Wen, Master. Oncology, The

Affilicated of Southwest Medical University, Luzhou, China.

Purpose: To compare the dosimetric differences between the endoluminal
interstitial brachytherapy based on inserting needle applicator and

intracavitary brachytherapy based on three-tube applicator in cervical
cancer.
Materials and Methods: From March 2016 to November 2018, 100
patients with cervical cancer treated with combined extrenal beams and
brachytherapy were selected in the study. The intensity-modulated
radiation therapy (IMRT) prescription was 45-50.4 Gy/25-28 fractions,
the brachytherapy prescription was 6 Gy/fraction plus 4 times using
inserting needle applicator or three-tube applicator. Dose of the targets
and organs were evaluated respectively in the two groups.
Results: The volume of the high-risk clinical target volume (HR-CTV) in
interstitial brachytherapy was higher than that of intracavitary
brachytherapy(p! 0.001). The D2cm3 of rectum and small intestines were
significantly reduced in interstitial brachytherapy, but the D2cm3 of
bladder and sigmoid colon were not significantly reduced.
Conclusions: The application of three-dimensional interstitial brachytherapy
based on inserting needle applicator can not only treat a large volume target
tumor, but also reduce the dose to organs at risk such as rectum and small
intestines.

PO100

Treatment Response after Definitive

Radiotherapy and Outcomes in Patients

with Locally Advanced Cervical Cancer

Shintaro Tsuruoka, M.D., Yasushi Hamamoto, M.D., Noriko Takata, M.D.,

Hirofumi Ishikawa, M.D., Teruhito Mochizuki, M.D. Radiology, Ehime

University Hospital, Toon, Ehime, Japan.

Purpose: In this retrospective study, we evaluated the relationship between
treatment response after definitive radiotherapy (RT) and outcomes for
cervical cancer patients.
Materials and Methods: From April 2006 to December 2012, 163 patients
with cervical cancer were treated with RT in our institution. Among these
patients, 106 patients who were treated with definitive RT (external beam
RT and intracavitary brachytherapy [ICBT]) and had more than 12
months follow-up, entered into this retrospective study. RT was delivered
to the whole-pelvic field with or without para-aortic lymph node area
depending on that pelvic involvement status. Total median dose was 50.4
Gy. ICBT was performed in median 4 fractions (range, 4-5), median 6 Gy
per fraction to a typically prescribed point A. When the residual tumor
was strongly suspected by internal examination and/or MR images at the
fourth ICBT, additional fraction was performed (total 5 fractions).
Results: The median age was 62 years old (26 to 90). The median follow-up
was 60.9months (7.4 to 123months). The numbers of patients with FIGO stage
IB, II, III, and IV were 21, 46, 37, and 2, respectively. Eighty-five patients had
squamous cell carcinoma, and 21 had either adenocarcinoma or
adenosquamous carcinoma. The numbers of patients with cN1 were 34. The
3-year OS rate for FIGO stage IB, II, III, and IV were 85%, 75%, 76%, and
50%, respectively. The 3-year DFS rate were 81%, 62%, 59%, and 50%,
respectively. A total of 38 patients (36%) relapsed after definitive treatment:
16 (15%) developed local, 14 (13%) developed regional, and 13 (12%)
developed distant metastasis. The 3-year DFS of patients with the residual
tumor at the fourth ICBT (n 5 53) was significantly lower than that of
patients without the residual tumor (n 5 53) (49% vs. 81%, p! 0.001). The
3-year DFS of patients received 5 fractions ICBT (n 5 75) was significantly
lower than that of patients received 4 fractions (n 5 31) (42% vs. 74%, p!
0.001).
Conclusions: Patients with the residual tumor at the end of RT had a poor
prognosis. When the residual tumor is strongly suspected, it may not be
possible to improve prognosis even after additional ICBT.

PO101

Clinical Outcomes of Radiotherapy in

Vaginal and Vulvar Melanoma: A Single

Institutional Review

Kevin Martell, M.D., Danielle Vicus, M.D., Toni Barnes, M.D., Amandeep

Taggar, M.D., Melanie Davidson, PhD, Shachar Sade, M.D., Teresa
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Petrella, M.D., Al Covens, M.D., Eric Leung, M.D.. Radiation Oncology,

Sunnybrook Health Sciences Centre, Toronto, ON, Canada.

Purpose: Vulvovaginal mucosal melanoma is typically regarded as a highly
aggressive cancer and this has led to variations in treatment
recommendation and practices. There is limited data on radiation
treatment for this disease and its role has not been clearly defined. This
study aimed to review outcomes of various radiotherapy techniques
including brachytherapy (BT).
Materials and Methods: A retrospective chart review of all patients
diagnosed with mucosal melanoma of the vulva or vagina and receiving
any radiotherapy treatment between 2008 and 2018 at a specialized
melanoma referral center was performed. Descriptive statistics was used
to analyze the patient and treatment characteristics and the Kaplan-Meier
(KM) method used to determine survival outcomes. Estimated median
survival and the lower 95% confidence interval limit of median survival
(LCL) were then reported.
Results: 14 patients with a median age at diagnosis of 70 (42-95) years were
identified. 13 (92%) were ECOG performance status 0-1 and 1 (7%) was
ECOG 2. Four (29%) patients had tumors involving the vulva, 8 (57%)
had tumors in the distal ½ of vagina and 2 (14%) had tumors in the
proximal ½ of vagina. Median tumor size was 2cm prior to treatment.
Two (15%) patients had inguinal and 2 (15%) had pelvic nodal disease on
pre-treatment imaging. Nine (64%) patients underwent at least one
surgical excision at a median of 2.7 (1.2-30.1) months prior to initiation
of radiotherapy. Within these, 4 (44%) patients also received either
interferon or a trial of chemotherapy. Radiotherapy intent was adjuvant in
5 (36%), palliative in 5 (36%), radical in 2 (14%) and salvage in 2 (14%)
cases. Most patients (10; 71%) received external beam radiotherapy
(EBRT) to a median dose of 37.5 (20-50)Gy. One (10%) of these patients
received a simultaneous EBRT boost of 10.8Gy, 1 (10%) received a 12Gy
in 2 fraction vaginal vault BT (VVB) boost and 1 (10%) received an
interstitial BT boost of 19.5Gy in 3 fractions. Three (21%) patients
received VVB as single modality treatment (21Gy in 3 fractions in 2
patients and 26Gy in 4 fractions in 1 patient). One patient (7%) received
interstitial BT to a dose of 39Gy in 6 fractions as single modality
treatment. Nine of 14 (64%) patients received radical intent radiotherapy.
Four (44%) of these had a local failure of disease. Failures included 2
(22%) in-field treatment failures (one patient received salvage EBRT
45Gy in 25 fractions, the other received adjuvant VVB alone). Out-of-
field failures included 1 (11%) failure in the mons pubis in a patient
receiving adjuvant EBRT alone and 1 (11%) failure in a patient receiving
interstitial brachytherapy alone. In the cohort of radically treated patients,

KM estimated median time to local failure was 9.1 (LCL: 6.5) months in
radically treated patients. Eight of 14 (57%) patients developed metastatic
disease. At first diagnosis of metastatic disease, the most common
involved site(s) included lung in 5 (62.5%), liver in 3 (37.5%) and bone
in 3 (37.5%) patients. KM estimated median metastasis free survival for
the cohort was 8.1 (LCL: 1.6) months. In total, 2 patients receiving and 6
not receiving BT developed metastatic disease with median metastases
free survivals of 12.04 (LCL: 5.55) and 1.6 (LCL: 1.0) months,
respectively. Four (29%) patients had confirmed deaths prior to loss to
follow-up. KM estimated median overall survival for the cohort was 30.0
(LCL: 27.1) months. In total, 1 (16.7%) patient receiving and 3 (37.5%)
not receiving BT died and all deaths (100%) were due to disease. Median
overall survivals were 27.1 (LCL: 27.1) and 30.0 (LCL: 10.9) months
respectively.

Conclusions: The prognosis of patients with vulvar or vaginal melanoma
treated with radiotherapy was poor. A trend toward benefit in disease
control with the addition of BT was detected. Further investigation with a
larger cohort is warranted.

PO102

CT-Based Multichannel Vaginal Cylinder

Brachytherapy: Survival and Toxicity

Outcomes in an Urban Institution

Therese Youssef Andraos, MD, RavIndra Yaparpalvi, MS, Patrik N. Brodin,

PhD, Keyur Mehta, MD. Montefiore Medical Center, Bronx, NY, USA.

Purpose: High dose-rate (HDR) brachytherapy using the Multichannel
Vaginal Cylinder (MCVC) has an important role in treating patients with
primary or recurrent vaginal cancers with residual disease following
external beam radiation therapy (EBRT) to the pelvis. We present clinical
outcomes of patients treated with CT-based HDR brachytherapy using
MCVC applicators.
Methods and Materials: We reviewed 19 patients with vaginal cancer
treated between 2010 and 2017 who received HDR brachytherapy using
MCVC after EBRT at our institution. High-risk clinical target volume
(HR_CTV) dose to 90% of the volume (D90%), dose to 0.1 cc (D0.1cc)
and 2 cc (D2cc) of the bladder and rectum were collected from the
brachytherapy plans. Gastrointestinal (GI) and genitourinary (GU)
toxicity data were collected and graded based on the CTCAE 4.0 toxicity
grading system. Kaplan-Meier curves were used to calculate local control
(LC), disease-free survival (DFS) and overall survival (OS) rates.
Results: The median age at diagnosis of the primary disease was 69 years
(54 - 84 years). Ten patients (52.6%) had primary FIGO Stage I-IV
vaginal cancer; 47.4% of cases had vaginal recurrence from primary
uterus (8 patients; 42.1%) and ovarian cancer (1 patient; 5.3%). The
location of the vaginal disease was in the proximal, middle, distal and full
length of the vagina in 36.8%, 5.3%, 47.4%, and 5.3% of the cases
respectively. One patient had no report on the exact location of the
vaginal disease. Eighteen patients received EBRT and MCVC; one patient
had MCVC only. Seven patients (36.8%) received concurrent
chemotherapy. Six patients recurred, of whom 2 patients had local failure
only and 1 patient had distant relapse only. The 3 other patients had both
local and distant disease recurrence. At a median follow-up of 30 months
(0 - 86 months), the 2-year LC, DFS and OS were 61.5%, 52.7% and
81.8%, respectively. The 2-year LC rates were similar between the
primary vaginal (60%) and recurrent (62.5%) groups (p5 0.95). Median
number of channels used was 7 (4-9); median total HDR dose delivered
was 21 Gy (15 - 25 Gy). The HR-CTV was 115.6 cm3 (3.2 - 167.6 cm3)
with a median D90% of 22.1 Gy (14.2 - 33.2 Gy). D0.1cc and D2cc of
the bladder was 21.4 Gy and 17.6 Gy, respectively. Four patients had
acute Grade 1 GU symptoms; none of the patients had Grade 2 GU
toxicity or higher. D0.1cc and D2cc of the rectum was 21 Gy and 16.3 Gy
respectively. 15 patients (78.9%) had acute GI side effects with only one
patient developing Grade 3 GI toxicity.
Conclusions: Brachytherapy delivered using MCVC applicators helps
decrease the dose to the organs at risk therefore decreasing acute toxicity,
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while maintaining comparable local control rates in the vagina regardless of
the primary tumor pathology. Long-term follow-up is needed to determine
late toxicity outcomes.

PO103

Comparison of Dosimetric Parameters

between Interstitial Brachytherapy and

Vaginal Cylinder Brachytherapy for

Postoperative Gynecologic Cancer

Patients: A Prospective Study

Qin Xu, Doctor, Yi Bin Lin, Master, Kaiqiang Chen, Master, Jing Liu,

Master, Hejin Qiu, Bachelor, Zirong Li, Master. Gynecology Oncology,

Fujian Cancer Hospital, Fuzhou, China.

Purpose: This study aimed to compare interstitial brachytherapy(ISBT)
with vaginal cylinder brachytherapy (VCBT) on dose of organs at risk in
postoperative gynecologic cancer patients treated with high-dose-rate
brachytherapy (HDR-BT).
Materials and Methods: A prospective study conduct on the patients with
cervical cancer or endometrial cancer treated with operation, radiotherapy,
and/or chemotherapy. Seventy-five HDR-BT procedures performed for 11
patients were analyzed for this report. For each fraction, three instruments
that included 2.5cm diameter vaginal cylinder applicator (VCA), 3cm
diameter VCA and interstitial needles without gauze were used. CT
images were obtained with three instruments respectively. CT plans were
optimized and dose volume histograms (DVH)data were generated for the
bladder and rectum. Total dwell time, D1cc and D2cc for bladder and
rectum were calculated and compared using one-way ANOVA.
Result: Interstitial needles without gauze plans showed that the mean
bladder D2cc significantly decreased compared to 2.5cm diameter VCA
(P50.033) and 3cm diameter VCA (P50.049) plans. Interstitial needles
without gauze allowed significant reduction of mean rectum D2cc

compared with2.5cm diameter VCA (P50.00) and significant decrease of
mean rectum D1cc and D2cc compared with 3cm diameter VCA (P50.00
and P50.00). The median D90% of the HR-CTV for 2.5cm diameter
VCA plans, 3cm diameter VCA plans and interstitial needles without
gauze plans was 700.08cGy, 700.11cGy, 700.15cGy respectively. Needles
without gauze plans significantly reduced total dwell time from 251.18s
to 192.82s (P50.00) and from 304.68s to 192.82s (P50.00) compared to
2.5cm diameter VCA and 3cm diameter VCA plans respectively.
Conclusion: For postoperative gynecologic cancer patients undergoing
HDR-BT, ISBT significantly decreased dose of bladder, rectum and total
dwell time compared with VCBT. It reduces dose to organ at risk, but the
correlation to toxicity requires further investigation.

PO104

Detection of Air-Gaps around the

Cylinder by Post-Insertion Computed

Tomography in Vaginal Vault

Brachytherapy: New Prospective Data

and Meta-Analysis

Lucas Gomes Sapienza, M.D., Ph.D.1, Matthew Stephen Ning, M.D.2, Ann

H. Klopp, M.D., Ph.D.2, Naira dos Santos Gutierrez, M.D.1, Vin�ıcius
Fernando Calsavara, Ph.D.3, Antonio C�assio de Assis Pellizzon, M.D.,

Ph.D.1, Maria Jos�e Leite Gomes, M.D.4, Glauco Baiocchi, M.D., Ph.D.5

1Radiation Oncology, A.C. Camargo Cancer Center, Sao Paulo, Brazil;
2Radiation Oncology, The University of Texas MD Anderson Cancer

Center, Houston, TX, USA; 3Statistics and Epidemiology, A.C. Camargo

Cancer Center, Sao Paulo, Brazil; 4Radiation Oncology, Hospital Federal

dos Servidores do Estado (HFSE-RJ), Rio de Janeiro, Brazil;
5Gynecologic Oncology, A.C. Camargo Cancer Center, Sao Paulo, Brazil.

Purpose: Post-insertion computed tomography (CT) can identify air gaps
(AGs) around the cylinder in vaginal cuff brachytherapy (VCB). This
study investigates the incidence and location of AGs.
Materials and Methods: Planning CTs of 22 prospectively-recruited
patients (NCT02091050) treated with 2.6 cm (n58) and 3.0 cm (n514)

cylinders were evaluated. Additionally, a systematic literature review
(CRD42016032608) nd meta-analysis was performed (PubMed and
EMBASE), and the pooled incidence of AGs was calculated by using the
random-effects model weighted by inverse variance.
Results: In 18 (82%) cases, a total of 45 AGswere found: 26 within the 2 cm
cranial length, and 19 between 2-4 cm of the cylinder. The mean AG
diameter was 3.7 mm (range: 1.3-11.8). Cylinder diameter, primary tumor
site, and use of external beam radiotherapy were not associated with AG
incidence. Systematic literature review revealed 9 additional relevant
studies, totaling 657 patients and 667 insertions. The pooled incidence of
patients with $1 AG was 68.7% (95% confidence interval: 52.9-81.1).
AGs were located at the apex in 43.4%-94.4% of cases. In patients with
$1 AG (n5244), the pooled mean number of AGs was 2.18 per patient.
The mean dose reduction varied from 9.6% to 29.3%.
Conclusions: More than two-thirds of VCB cases present with AGs, which
are most commonly at the apex and can potentially reduce mucosal dose. By
identifying AGs, post-insertion CT can facilitate selection of optimal
cylinder size in VCB.

PO105

Dosimetry Verification of 3D-Printing

Template Assisted 125I Seedinterstitial

Brachytherapy for Retroperitoneal

Lymph Node Metastasis in

Gynecologicaloncology

Jinxin Zhao, M.M., Yansong Liang, M.M., Zezhou Liu, M.M., Ke Xu, M.M.,

Huijuan Li, M.M., Hongtao Zhang, M.M., Aixia Sui, M.D., Juan Wang,

M.D. Oncology Dep.1 of Hebei General Hospital, Shijiazhuang, China.

Objective: To compare the dosimetric data between pre-plan and post
verification operation of 3D-printing assisted125I seed interstitial
brachytherapy forretroperitoneal lymph node metastasis in gynecological
oncology, and to explore the accuracy of treatment at dosimetry level.
Methods: A total of 18 patients from Nov 2015 to Dec 2018 who were
applied with 3D-printing template assisted 125I seed interstitial
brachytherapy in HeBei General Hospital were included in this study. A
prescribed dose of 80-120 Gy was adopted. 3D-printing templates were
designed and produced for 18 cases. The dosimetric parameters:D90, V90,

V100, V150, conformal index(CI), external index(EI), and homogeneity
index(HI) were collected and compared between pre-and post-plans. The
paired t-test was used to perform the statistical analysis.
Results: 18 cases’ templates were in place well during the operations. The
differences of D90, V90, V100, V150,CI,EI,HI between two groups were
not statistically significant(PO0.05).
Conclusions: The validation of actual dose distribution in postoperation
assistied by 3D printing template in seed implantation shows the
improvement in accuracy for this new type.It provides accurate
positioning for treating retroperitoneal lymph node metastasis in
gynecological oncology.

PO106

HDR Brachytherapy Target Dose

Difference of CT Volume-Based

Brachytherapy and Conventional

Brachytherapy Using Henschke

Applicator

Michael Martin Husmillo Malabanan, MD FPCR, Renee Elennor Angeles,

MSc., Martin Gregorio Guevarra, M.Sc., Eliseo Dela Cruz, MMP. Asian

Cancer Institute, Asian Hospital and Medical Center, Muntinlupa,

Philippines.

Purpose: To quantify the difference of the dose received byD90 of the GTV
from a computed tomography (CT) volume-based brachytherapy
(HDRVOL) plan and a conventional brachytherapy (HDRPointA) plan.
Methods: Patient plans with an existing HDRVOL plan using a Henschke
applicator were chosen for data comparison. 90 and 180 degree digitally
reconstructed radiographs (DRRs) were reproduced from the CT images
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of the patients. Point A and arbitrary ICRU 38 rectal and bladder points were
defined on the reconstructed DRRs. An HDR Point A plan for each patient
was then created with a prescription dose to point A identical to the
prescription dose to D90 of the contoured GTV in the HDRVOL. The
dwell times from the produced HDR Point A were then applied to a
HDRVOL plan. The dose received at D90 of the GTV for the existing
HDRVOL and the dose it received from newly applied dwell times from
the simulated HDR Point A plan were then analyzed.
Results: Comparison of the doses received by D90 of the GTV for HDRVOL
and HDR Point A Resulted to an average of 26�14.54% difference.
Conclusions: The large target dose difference for HDRVOL and HDR Point
A highlights that different imaging and planning techniques can affect the
target coverage of the treatment. Choice between the two techniques will
therefore require careful consideration by the radiation oncologist,
physicists, and cancer care team.

SKIN EPOSTER

PO107

High Dose Rate Brachytherapy in the

Management of Non-Melanoma Skin

Cancer (NMSC): A Retrospective Review

Beatriz Amendola, MD, Naipy Perez, MS, Victoria Vera, MD, Miguel

Montijano, MD, Marco Amendola, MD. Innovative Cancer Institute, South

Miami, FL, USA.

Purpose: Skin cancer is the most common form of cancer in the United
States. Research estimates that nonmelanoma skin cancer, including basal
cell carcinoma and squamous cell carcinoma, affects more than 3 million
Americans a year. The incidence of both non-melanoma and melanoma
skin cancers has been increasing over the past decades. Fortunately, most
NMSC lesions are detected at an early stage that is amenable to very
effective local therapy and thus are highly curable. Various therapeutic
modalities are currently being used to treat these tumors, including
surgery, topical treatments and radiotherapy. In particular, high-dose rate
(HDR) brachytherapy has been described as a safe and efficacious
treatment according to the recently published NCCN guidelines.
Brachytherapy offers unique dosimetric advantages in treating lesions
with irregular shapes and/or located in areas close to critical structures
where surgery could be mutilating.We are presenting our experience in
the use of HDR brachytherapy to treat NMSC during a 15-year period in
a single free-standing institution.
Materials and Methods: This is a retrospective review of 101 High Dose
Rate (HDR) Brachytherapy procedures performed in 87 patients with Non-
Melanoma Skin cancer treated sequentially between May 2003 and
September 2018 using. Ages ranged from 37 to 101 years (mean 77). The
objective was to evaluate early and late toxicity, local control, and cosmetic
Results. We used a shortened fractionated schedule with the most common
protocol consisting of 8-10 fractions with 4 to 5 Gy per fraction prescribed
to a depth of 2 to 5mm. Patients were treated using either H.A.M.
applicator or custom-made applicators which size and shape varied
according to the characteristics and location of the tumor.The locations
were: Nose 29%, Ear (12%), Forehead (9%), Leg (9%), Arm (9%), Scalp
(7%), Cheek (6%), Temple (6%), Lip (4%), Chest (3%), Back (3%), Hand
(2%) and Neck (1%).The follow-up period ranged from 1 to 150 months
(median follow-up 24 months).We analyzed the early toxicity in all patients
but reserved the analysis of late toxicity, local control and cosmetic
outcome for the 47 patients that had at least 2 years follow up.
Results: Eleven patients developed radiodermatitis grade 3. Two of them had
lesions in the lower extremities with healing difficulty but eventually resolved
with topical treatment and rest. The remaining patients had grade 1 and 2
radiodermatitis. Good to excellent cosmetic Results were obtained in 96 %
of the analyzed patients. Two patients had poor cosmesis; one treated to the
ear helix that developed cartilage necrosis and the other one had persistent
disease that was locally advanced at presentation. Local control was
obtained in all but the patient previously described.
Conclusions: In our experience, HDR brachytherapy delivered with surface
molds obtains excellent Results comparable to conventional EBRT for the

management of NMSC. Its advantages include: non-invasiveness
compared with surgery, shorter treatment courses compared to EBRT, and
highly conformal and localized dose delivery with minimal long-term
radiation-induced side-effects. It is easily tolerable with excellent
cosmesis and local control. Depending on the specific clinical situation,
this treatment modality may be particularly suitable for elderly patients as
well as for those with busy schedules.

PO108

How to Efficiently Treat Skin Basal Cell

Carcinoma without Using Computed

Tomography? 2D HDR Brachytherapy as

the Answer for Emerging Countries

Artur Jan Chyrek, MD1, Wojciech Maria Burchardt, MD, PhD1,

Małgorzata Adamska, MD2, Magdalena Wawrzyniak-Hojczyk, MD1, Adam

Chicheł, MD, PhD1. 1Brachytherapy Department, Greater Poland Cancer

Center, Pozna�n, Poland; 22nd Radiotherapy Department, Greater Poland

Cancer Center, Pozna�n, Poland.

Purpose: This retrospective study aims to evaluate the efficacy and toxicity
of radical, superficial HDR brachytherapy for skin basal cell carcinoma
(BCC) using flap applicators, simple 2D planning and one schedule of
fractionation.
Materials and Methods: Between 03.2012 and 02.2017 a total number of
510 patients with diagnosed skin neoplasms were treated with different
techniques, dose rates and schedules of brachytherapy. The clinical
inclusion criteria for this study were pathologically confirmed skin BCC
(maximum of three tumors in 1 patient), the radical intention of treatment
and follow-upO 12 months. The physical inclusion criterion was the dose
of 50 Gy in 10 fractions (1 fraction per day) planned in 2D at the
reference points located 1 cm from the flap applicator axis. This way of
planning is based mainly on clinical examination and appropriate length
and width applicator adjustment to the size of the lesion to provide dose
coverage to the tumor with a 5-10 mm margins (Fig. 1). Ninety-two
patients (43 women, 49 men) in mean age of 72 (median 73,5; 32,9 -
89,9) with 110 tumors met those criteria and were subjected for further
analysis. Early toxicity was assessed four weeks after the treatment, then
patients were evaluated every 3-6 months for the late toxicity evaluation
(both with RTOG scale). For statistical calculations, the Kaplan-Meier
method test, Cox proportional hazard regression and logistic regression
models were used.
Results: Among 110 tumors 85 were classified as T1 and 25 as T2
(according to UICC/AJCC TNM version 7). Besides 61% were located in
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high, 30% in medium and 9% in low risk area, 48% were treated as relapse
after previous surgery, which means that 93% of treated tumors belonged to
the high-risk group of recurrence according to NCCN guidelines. The mean
follow-up (counted from the end of brachytherapy course to the last control
visit or recurrence) was 33.6 months. All patients received planned 50 Gy
dose in 10 fractions to the target except for one in whom treatment had
been finished after nine fractions due to severe acute toxicity. Overall
treatment time was 12 days for 91% of lesions. Actuarial 3 and 5-year
local control (LC) were 96.8% and 93.6% respectively. Among all factors
which were examined only the older age was found statistically
significant for higher LC (p50.011; HR5 0.93). All patients presented
acute toxicity one month after the treatment as erythema (G1 - 17%),
patchy desquamation (G2 - 41%), confluent desquamation (G3 - 36%)
and bleeding (G4 - 6%). Late skin toxicity Resulted in depigmentation
(G1 - 34%), little telangiectasia (G2 -53% ) and gross telangiectasia (G3 -
4%), G4 late toxicity was also reported in 8 patients (7%) who developed
small ulcerations - 3 of them had tumors in the pretibial region. The
factors increasing the risk of late G3 and 4 toxicity were higher T feature
(p50.0007; OR 5 8.02) and higher acute toxicity after first month (p5
0.0022 ; OR521.84).
Conclusions: Although 2D treatment planning can be considered as rough
due to non-use of computed tomography, this study proved that superficial
HDR brachytherapy with the dose of 50 Gy yields excellent local control
with acceptable toxicity in high-risk skin BCC, especially in elderly
patients.

PO109

In-Vivo Dose Measurements for HDR

Surface Brachytherapy: Comparing

Results of Radiochromic Film Dosimetry

to TG43 and Advanced Collapsed Cone

Engine (ACE) Dose Calculations

Saad Aldelaijan, MSc1,2,3,4,5, Mandar Bhagwat, PhD1, Desmond

O’Farrell, MSc1, Thomas Harris, PhD1, Marianne Weiler, MBA1,

Christian Guthier, PhD1, Robert Cormack, PhD1, Jan Seuntjens, PhD3,

Slobodan Devic, PhD3,5, Phillip Devlin, MD1, Ivan Buzurovic, PhD1.
1Department of Radiation Oncology, Dana-Farber/Brigham and Women’s

Cancer Center, Harvard Medical School, Boston, MA, USA; 2Department

of Biomedical Engineering, Montreal Neurological Institute, McGill

University, Montreal, QC, Canada; 3Medical Physics Unit, McGill

University, Montreal, QC, Canada; 4Biomedical Physics Department,

King Faisal Specialist Hospital & Research Centre, Riyadh, Saudi Arabia;
5Department of Radiation Oncology, SMBD Jewish General Hospital,

Montr�eal, QC, Canada.

Purpose: To report Results of inter-fraction in-vivo dose measurements of
different HDR surface brachytherapy cases treated with the Freiburg-flap
(FF) and monitored with radiochromic film dosimetry, and compare
results to planned doses based on TG43 and advanced collapsed cone
engine (ACE) calculations.
Materials and Methods: Delivered doses of 18 fractions from four different
patients were monitored with pre-cut EBT3 film pieces (Figure 1, left panel).
For different fractions, films were placed by the radiation oncologist on the
same target region on patient skin (below the FF). All cases were planned
to deliver the prescription dose at 3 mm depth from the skin surface. The
description of each case and prescription doses were: (a) right medial
canthus, 400 cGy � 10 fractions, (b) partial scalp, 400 cGy � 10 fractions,
(c) right arm and shoulder, 250 cGy � 8 fractions, and (d) partial left
posterior thigh, 400 cGy � 2 fractions. Planned doses were manually
sampled from Oncentra� treatment planning system at the skin region
where the films were placed and dose was calculated using TG43 and
ACE. A calibrated radiochromic film dosimetry system consisting of EBT3
film model and 12000XL Epson scanner was used for this work with a
total dosimetric uncertainty of 2% at the dose range of interest.
Results: Figure 1 (mid panel) shows the irradiated films and dose images (in
cGy) for sample film pieces allowing visualization of the 2D dose
distribution and the ability to evaluate and interpret the delivered dose.
Figure 1 (right panel) shows normalized histogram comparison between

planned and measured doses for each case. When two film pieces were
placed on the patient at different locations (Figure 1(b) & (c)), doses from
both films were included in the same histogram explaining the dual peaks
in film histograms. Measurement Results from cases (a), (b) and (d)
showed inter-fractional differences in delivered dose in the range -5% to
-10% when compared to TG43 planned doses, which is expected due to
the lack of backscatter and measurement uncertainty. For the same cases,
differences between film and ACE ranged between -1% to 5%. One case
(c) reported significantly lower measured doses than TG43 with
differences ranging between -10% to -2% (shoulder area) and -17% to
-10% (arm area) for different fractions. For the same case, film showed
better dose agreement with ACE with differences ranging between -2% to
6% (shoulder area) and -7% to -1% (arm area).
Conclusions: 2D in-vivo dose measurements based on film dosimetry is a
convenient, practical and accurate method to monitor and evaluate inter-
fractional dose during HDR surface brachytherapy treatments. Figure 1:
In-vivo dose measurements with radiochromic film. (a) right medial
canthus, (b) partial scalp (c) right arm and shoulder, and (d) Partial left
posterior thigh. For each case, first panel shows film placement, middle
panel shows selected scanned films and 2D dose distributions (cGy), and
right panel shows normalized histogram comparison of planned and
measured doses. For convenience, only five fractions were showed in
cases (b) and (c).

PO110

The Efficacy of HDR Brachytherapy for

Patients with Recurrent or Margin-

Positive Post-Operative Basal Cell

Carcinoma

Tomasz Krzysztofiak, PhD, Piotr Wojcieszek, MD, PhD. Brachytherapy,

Maria Skłodowska-Curie Memorial Cancer Center and Institute of

Oncology, Gliwice Branch, Gliwice, Poland.

Purpose: Surgery is a standard treatment for patients suffering from non-
melanoma skin cancer. However, postoperative relapse or positive
margins after surgery are linked with worse outcome. We aimed to
analyze surface high-dose-rate brachytherapy as an adjuvant/salvage option.
Materials and Methods: We performed a retrospective analysis of 62
patients with 69 lesions treated in our center from 01/01/2008 to 12/31/
2011. Minimum follow-up was 12 months. All patients were diagnosed
with post-operative Basal Cell Carcinoma on the head and neck region.
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Thirty-six suffered from recurrence after surgery, while twenty-six had
primarily positive post-op margins. HDR brachytherapy with individual
surface moulds or HAM applicator was performed. 3D CT-based planning
with Oncentra Masterplan (Elekta) was used. 5-year local control was
estimated with the Kaplan-Meier method.
Results: Median FU was 4,8 years (between 12 months and 10 years). Mean
follow up was 5.19 years (SD 2.6yr). Median dose was 45Gy (between 3Gy
and 5Gy). Mean dose to the lesion was 42Gy, mean fraction dose 4Gy
specified 5mm from the surface of the applicator. Treatment was well
tolerated, one Grade III toxicity was observed. Median DFS was 9.4 years.
5-year local control was 90%. We found nine recurrences after treatment
(12%), four of them were successfully salvaged with BT or surgery.
Conclusions: HDR Brachytherapy is an efficient and safe treatment for
post-operative patients with basal cell cancer in the head and neck region.
Detailed prospective evaluation should be performed to establish its
clinical efficacy.

PO111

Re-Irradiation for Vaginal Recurrence of

Endometrial Cancer: Outcomes and

Toxicity of Salvage Image-Guided

Brachytherapy

Gabriela M. Alban, MD, Teresa Cheng, MPH, Lisa Singer, MD, PhD,

Pierre McLaughlin, MD, Betty Krechmer, PA-C, Jennifer Pretz, MD,

Martin King, MD, PhD, Larissa Lee, MD. Radiation Oncology, Dana-

Farber Cancer Institute/Brigham and Women’s Hospital, Boston, MA,

USA.

Purpose: Clinical outcomes for salvage treatment of recurrent endometrial
cancer are historically poor for patients who received radiation (RT) in the
adjuvant setting. In PORTEC-1, the 5-year survival after vaginal relapsewas
43% for 7 patients who received adjuvant pelvic RT compared to 65% for
the 32 patients in the control group. We evaluate clinical outcomes and
toxicity of salvage image-guided brachytherapy (BT) for patients with
vaginal recurrence (VR) of endometrial cancer in the re-irradiation setting.
Materials and Methods: We identified 113 women with VR of
endometrial cancer who received salvage image-guided brachytherapy
(BT) with or without pelvic radiation from 2003 to 2017. Patients with no
prior RT (n581) were excluded, Resulting in a cohort 32 patients. The
BT modality was HDR interstitial in 27 patients, HDR intracavitary in 4
and LDR interstitial in 1. BT application and treatment planning was
performed under CT- (25) or MR-guidance (7). For the outcomes
analysis, only patients withO6 months follow-up were included (n525).
Kaplan-Meier method was used to estimate rates of vaginal failure (VF),
recurrence-free survival (RFS) and overall survival (OS). Late toxicity
was graded by CTCAE version 4.03. Median follow-up for surviving
patients was 25 months (range, 12-45).
Results: Median age at recurrence was 63.8 years (range, 34.7-93.6). Most
patients (28, 88%) had endometrioid histology and 4 (12%) had non-
endometrioid. The median time from hysterectomy to VR was 24 months
(range, 5.8-137). Details of the prior adjuvant RT as well as the treatment
parameters for salvage BT are summarized in Table 1. The cumulative
prescription dose and HR-CTV D90 were lower in patients who received
salvage BT alone compared to those treated with EBRT þ BT (both p!
0.01). VF was reported in 7 patients, including 3 with local only failure,
at a median of 13 months (range, 9-23) after salvage BT. At 3 years, rates
of VF, RFS and OS were: 39%, 44% and 65%, respectively. The 3-year
VF rate was 57% for patients treated with salvage BT alone vs 31% for
EBRTþBT (logrank p50.4). There was no difference in HR-CTV D90
for patients with or without VF (medians 65.8 Gy and 69.9 Gy,
respectively, p50.5). Late grade 3 GI and GU toxicities were noted in 6
patients (24%); 4 had GI toxicity (16%), including 3 with diverting
colostomy, and 3 had GU (12%). There was no grade 4 or 5 toxicity. Four
patients (16%) had grade 3 vaginal toxicity, including 3 with vaginal
stenosis and 1 with necrosis. Six patients (24%) were long-term survivors
without evidence of recurrent disease with at least 54 months follow-up.
Conclusions: Recurrent endometrial cancer treated with salvage BT results
in modest local control and an increased risk of severe late toxicity in the

re-irradiation setting. However, a subset of patients may achieve long-
term disease control and further study of the optimal EBRT and BT
parameters for re-irradiation is needed.

PO112

HDR Skin Brachytherapy: Clinical

Results and Acute Toxicity in Relation to

Different Techniques

Silvia Rodriguez Villalba, MD, PhD1, Paula Monasor Denia, MSc1, Jose

Richart Sancho, MSc1, Jose Perez-Calatayud, MSc2, Manuel Santos

Ortega, MD, PhD1. 1Radiation Oncology, Hospital Clinica Benidorm,

Benidorm, Spain; 2Radiation Oncology, Hospital La Fe-Irimed, Valencia,

Spain.

Purpose: HDR brachytherapy (HDRBT) provides a non-surgical treatment
option for Non melanoma skin cancers (NMSC) with excellent clinical and
cosmetic Results.We present our Institution experience employing different
techniques of Brachytherapy for this scenario.
Material And Methods: From February 2005 to August 2018, 108 patients
(134 lesions) with histologically proven NMSC have been treated with
HDRBT in our center. Sixty five males, and 43 females. Median age 79
years (32-97). The indications of BT were: radical or definitive treatment
(38 lesions. 28%), adjuvant or postoperative treatment (after local
excision due to positive or close margins (70 implants. 52%) or other bad
prognostic factors: Perineural invasion, recurrences or T3. 26 implants.
20%). Head tumors, with 121 treatments (90%) were the most frequent
presentation, 7 in trunk (5%) and 6 in extremities (4%). Superficial BT or
plesiotherapy has been delivered with Valencia radionuclide-based
applicators (30 implants. 22%) or manufactured flaps (Fleiburg flap.
Elekta/Nucletron) (53 implants. 40%) for treating flat areas, or by
individual customized molds (21 implants. 16%) for uneven surfaces
when the CTV depth to be treated is # 5 mm. CTVs with a depth greater
than 5 mm has been treated with an interstitial approach (30 implants.
22%). CTV depth has been defined in most of the cases with ultrasound.
Different fractionated BT regimens have been employed. Ten fractions of
4-4,5 Gy, 6 fractions of 7 Gy, 7 fractions of 6 Gy for macroscopic disease
or 10 fractions of 3-4 Gy in adyuvant indications. The treatments have
been administered 2 (31 implants. 23%) or 3 (7 implants. 5%) times a
week, twice a day (90 implants including 30 interstitial) and in a patient
(1%) daily depending on the patient’s availability and general condition.
All interstitial implants have been performed with two daily fractions.
Doses were prescribed 3-4 mm in Valencia applicators, 5 mm from
surface of the Fleiburg flap and optimized after target delineation on CT
scan when customized molds or interstitial brachytherapy has been
employed.
Results: Toxicity has been analyzed following CTCAE 4.0 criteria: acute
grade 1 in 10 cases (8%), acute grade 2 in 71 (53%) and acute grade 3 in
53 (40%). Mean time to resolution after finishing the implant has been 28
days (14-60 days). SPSS Statistics (Version 18.0) was used for statistical
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analysis. Multivariate linear regression with quantitative and qualitative
inputs and outputs with significant p values #0.05, has been studied for
anatomic localization, type of applicator, fraction size, fractionation, and
deliver total dose. Acute Toxicity grade G3 has exclusively correlated in
the multivariate analysis with the type applicator when Fleiburg flap is
employed (p 5 0,01). Follow-up has been done in 80 patients (104
lesions). Median follow-up is 27 months (5-129 months). At December of
2018 30 patients have dead (29%), two of the because of local
progression with infiltration of the orbit. Local control was achieved in
96 lesions (92%). There were 3 persistence and 5 recurrences, in 4
immunosuppressed patients. Two patients had been treated with an
interstitial implant, 2 with a personalized mold, 1 with Valencia
applicator and 3 with Fleiburg flap. Chronic toxicity has been developed
in 20 lesions (20%), 3 of them with alopecia and 17 with hypopigmentation.
Conclusion: HDR skin BT has been proved to obtain similar Results to
standard treatments in NMSC. In our experience, despite the different
fractionations and techniques used, local control is homogenous for all of
them, and similar to the data described in the literature. The acute toxicity
found, is similar for all these techniques and fractionations used, except
for patients treated with flaps, in G3 epitelitis, reaching statistical
significance.

PHYSICS EPOSTER

PO114

A Plan Quality Assurance (QA) Method

for HDR Breast Brachytherapy with

Multi-Lumen Balloon Applicator and

HDR Interstitial Prostate Brachytherapy

Yi Le, PhD1, Zheng Gu, MS2, Matthew Napiwocki, MS2, Gordon Watson,

MD1, Gordon Guo, MD1. 1Radiation Oncology, Indiana University School

of Medicine, Indianapolis, IN, USA; 2Purdue University School of Health

Sciences, West Lafayette, IN, USA.

Purpose: A challenge facing the physics community has been quick plan
quality checks for high-dose-rate (HDR) brachytherapy treatment
planning. This study aims to develop a QA method of manually verifying
the planned treatment time from treatment planning system (TPS) for
HDR breast brachytherapy using multi-lumen balloon applicators and
HDR interstitial prostate brachytherapy.
Materials and Methods: Treatment plans of 74 breast cancer patients that
underwent HDR breast brachytherapy (340cGy x10) were separated into
three groups and reviewed in their respective TPS: 32 SAVI patients in
Elekta OncentraBrachy, 37 SAVI patients and 5 Contura patients in Varian
BrachyVision. A number of parameters such as source air kerma strength
(AKS), total treatment time, prescription dose (Rx), volume covered by the
100% isodose line (V100) were recorded. These parameters were used to fit
the data from three groups respectively using the formula TxTime 5 Rx
�K � V100

(2/3) /AKS derived in Das et al’s study (Brachytherapy 2006 Vol5).
The constant K obtained from fitting the retrospective clinical data can then
be used for calculating predicted time for future cases as a quality
assurance tool. Similar analysis was also done for treatment plans of 38
prostate cancer patients underwent single fraction (1500cGy) real time
Ultrasound based HDR boost brachytherapy using Elekta OncentraProstate.
After obtaining fitted K values, the treatment times from TPS were
compared with the predicted times from the formula.
Results: The constant K from fitting parameters varied among three breast
groups: Oncentra-SAVI K5909, BrachyVision-SAVI K5991 and
Brachyvision-Contura K51222. Direct comparison of treatment times
obtained through TPS and those predicted from the formula showed a
mean difference (�1 SD) of 0.0�2.1% for Oncentra-SAVI, 0.0�4.4% for
BrachyVision-SAVI, and 2.3�1.0% for BrachyVision-Contura with
maximum difference 5.4%, 16.5% and 3.5% respectively (Figure1a,1b).
These Results show significant variation of K values among the three
patient groups indicating each clinic should fit their own data to obtain
institute specific K values. The variation could be due to a number of
different factors: software/hardware, applicator, planning team (physicist
and physician), etc. For two SAVI groups, despite similar planning
objective criteria, the Brachyvision group was planned at an early period of

adaptation of the SAVI applicator at our institute while the Oncentra group
was from the most recent data after switching from the Varian to Elekta
system. This may explain larger standard deviation within the Brachyvision
group. Further investigating the outlier case with 16.5% difference, the
clinical plan did not respect standard dose volume constraints. A rapid plan
quality check may have made this evident in real time. Within prostate
HDR group, K5925 and the mean difference between predicted and TPS
treatment time is 0.1�1.6% with maximum difference 4.4% (Figure 1c).
The less variation is due to the prostate HDR cases were done by one
physician and same physics team with same protocol.
Conclusion: The close agreement between the expected treatment times
supports the validity and reliability of the proposed QA method. This
study demonstrated a practical approach to utilize a treatment planning
quality check tool to ensure the plan quality meets the established
standard, which is particularly useful for clinics with multiple physicians
and physicists rotating through brachytherapy service. This tool also
indirectly ensures the integrity of the treatment planning system including
source parameters because K values inherently contain source information.

PO116

Quantitative HDR Afterloader Source

Position and Activity QA Using Two

MicroDiamond Detectors

Thomas C. Harris, MS, Robert A. Cormack, PhD, Ivan M. Buzurovic, PhD,

Christian V. Guthier, PhD, Desmond A. O’Farrell, MSc, Mandar S.

Bhagwat, PhD. Radiation Oncology, Dana Farber/Brigham and Women’s

Cancer Center, Boston, MA, USA.

Purpose: Quality assurance checks of HDR afterloader units required by
NRC (part 35, subpart H) include source positioning accuracy of �1
millimeter. Common techniques include use of calibrated gafchromic film
or direct observation on a source position check ruler. The decayed source
activity in the treatment computer must also be checked. The PTW’s
microDiamond detector has a thickness of 1mm which may theoretically
promote improved spatial resolution of source position. The present study
aims to evaluate the efficacy of the microDiamond detector in producing
accurate source position check QA and strength verification.
Materials and Methods: TwomicroDiamond detectors were used. The tips
of the detectors were placed in contact, facing each other, along the direction
of source travel. A detector holder was 3D printed to assist in accurate
repositioning on the QA ruler for subsequent trials (Figure 1a). The
reference source position was pre-determined to be 1490mm. The
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location of the tips coincided with this dwell position of the source.
Inaccuracies of up to þ/- 2.5mm in 0.5mm steps in the position of the
source were introduced in the treatment console system to test the
response of the detectors. 30s of integral charge was measured after the
source reached the desired position. The evaluation utilized the mean
value of three readings taken with the source at each position. The
difference in charge between the two detectors for each location was
analyzed. Readings were also taken at four different source activities to
assess the linearity of the detectors’ response with activity.
Results: The correct calibration factors were applied to the detectors. The
difference in charge between the two detectors when the source was at the
reference position was 0.04%. Introducing a 1mm error in position
Resulted in a mean difference of 4.38%, and a 2mm error led to a mean
difference of 8.84%. Detector response was nonlinear (Figure 1b).
However, the percent difference in readings over the region of interest
was linear (R2 5 99.0%) (Figure 1c). The small percent difference
asymmetries in the proximal versus distal direction is under investigation.
The detectors’ response is linear with the source activity (R2 5 99.99%)
(Figure 1d).
Conclusion: microDiamond detectors are sufficiently sensitive to detect
small errors in source position, and may constitute an improved method
of automatically quantifying source position QA. The detectors also
respond to different source activities in a linear fashion, and may be used
to check the source activity. Using these two findings, one has the basis
for creating a morning QA piece of equipment similar to linac daily QA
devices: detectors are irradiated and a program can assess the collected
charge to return a pass/fail, here based on the measured source position
accuracy and the measured source strength.

PO117

Time Management Analysis of Physicist

Planning for Image Guided Adaptive

Brachytherapy (IGABT) for Cervical

Cancer

Yesenia Gonzalez, MS, Ming Yang, PhD, Brian Hrycushko, PhD, Paul

Medin, PhD, Arnold Pompos, PhD, Kevin Albuquerque, MD, Xun Jia,

PhD. Radiation Oncology, UTSW, Dallas, TX, USA.

Purpose: Perform time analysis to determine factors affecting physicist
planning efficiency and clinical workflow of Image Guided Adaptive
Brachytherapy (IGABT) for Cervical Cancer using a tandem-and-ovoid
applicator.
Materials and Methods: Our institution followed standard MR/CT-based
planning with most patients receiving MRI at the first fraction. MRI

acquisition was performed in the radiology department and may be
subject to its clinical schedule. Physicist treatment planning and physician
contouring were performed in parallel. A total of 135 fractions from 32
patients at our institution in the first 11 months of 2018 were analyzed.
For each fraction, timestamps from start of CT imaging to plan approval
by physician, clinical status (other IGABT cases in the same day), MRI
status (with/without), and planner experience were retrospectively
collected from our treatment planning system and record/verification
system. Timestamps were used to calculate duration of eight action steps
in Table 1. In addition, our clinic implemented an automated quality
assurance (QA) report preparation and check system in 2014. Duration of
QA report preparation through physician approval was calculated for 10
patients in 2013 to evaluate the impact of the automatic QA system. A
linear regression of the durations was performed against the variates listed
above. P-value of all coefficients were calculated and compared against a
threshold of 0.05.
Results: Median total planning time was 140 min and interquartile range
(IQR) was 69 min. The addition of any extra procedure was not
associated with an increase in total planning time. However, image
acquisition time, defined as between the start of CT scan and the time
importing it to treatment planning system, was significantly affected by
the number of cylinder planning cases. Each additional cylinder planning
case prolongs acquisition time by 6 min, which may be ascribed to
delayed time to import the image. Having MRI taken on the day was
significantly associated with increased registration time (þ66 min),
contouring time (þ58 min), planning time (þ72 min), completion of QA
(þ6 min), and total planning time (þ78 min). Physicist experience as
quantified by number of IGABT cases was significantly associated with
planning time. Median (IQR) of planning time for the most and least
experienced physicists are 84 (36) min, 126 (42) min. The time was
proportional to the inverse number of IGABT cases planned per year. The
use of automatic QA system significantly reduced QA report preparation
and physics QA time by 8 min.
Conclusions:We have identified factors that impact physicist planning time
in IGABT, which will impact the total patient procedure time. The most
important factor was MRI status, which prolongs treatment planning by
over one hour. Improving MR acquisition time, increasing physicist’s
planning practice and using automatic QA report generation and check
system may be helpful to improve treatment planning efficiency.

PO118

Applying FMEA to Guide HDR

Brachytherapy Upgrade: A Transition

and Commissioning Experience Report of

the Flexitron Remote Afterloader

Fan-Chi Frances Su, Ph.D., Y. Jessica Huang, Ph.D., Prema Rassiah,

Ph.D., Bill J. Salter, Ph.D. Radiation Oncology, University of Utah, Salt

Lake City, UT, USA.
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Purpose: In this study, risk analysis methods suggested by task group 100 of
AAPMwere applied to guide the transition from themicroSelectronV2 and the
commissioning process of the Flexitron remote afterloader. The Flexitron is a
redesigned afterloader with many different safety features compared to the
previous microSelectron version. The revamped software and treatment
control console (TCC) also affect the workflow of physics quality assurance
(QA) and treatment delivery. By contrasting differences between these two
treatment delivery units (TDUs), it is essential for physicists to perform
commissioning with numerous checks to ensure the modified workflows for
various procedures using the Flexitron system are safe and optimized. There
should be a process to direct this transition, to systematically assess that the
reformed workflows are safe and, more importantly, to identify what can go
wrong. The failure mode and effects analysis (FMEA) has known to be
useful and sophisticated to categorize and rank potential failures. In this
study, we propose to carry out the FMEA process in two stages. Initially, the
FMEAwas exercised to guide the flow of the transition and the design of the
new workflows. Subsequently, the FMEA was performed again after the
Flexitron TDU was fully commissioned to assess whether the new workflows
were well founded before clinical release.
Materials and Methods: The FMEAwas performed in a streamlined fashion
with slight modifications by carrying it out in two stages. In the first stage, we
used the FMEA process to guide the brainstorming session (prior to the
Flexitron installation) to identify error-prone steps and consider what should
be the more efficient and, more importantly, the safer plan to proceed this
transition from the microSelectron to the Flexitron. The second stage of
FMEA was carried out about two months after the clinical release of
Flexitron system. With updated checklists and modified workflows in place,
the process map was examined again to identify the failure modes.
Results: The process map derived from the two-stage FMEA is presented in
Figure 1. It consists not just the acceptance and commissioning of the
Flexitron system but also the necessary steps to switch from the
microSelectron to the Flexitron. In total, 39 process steps were identified
starting from the upgraded Oncentra treatment planning system (from
V4.5.2 to V4.5.3 with a new computer), the acceptance and

commissioning of the Flexitron TDU and accessories, the
decommissioning of microSelectron, and user safety trainings for the
Flexitron system. Further, soon after we started our first stage FMEA, we
decided to implement the commissioning in two phases in order to
control the cost and to reduce brachytherapy program downtime.
Conclusions: The FMEA successfully guided the transition to the Flexitron
system and has effectively helped in identifying the necessary changes in the
checklists and workflows for all applicators utilized in our clinic. It also
ensured the comprehensive commissioning process of the Flexitron
system by addressing all potential risks and failures recognized by the
brachytherapy physics team. By assessing all these risks, it also led to the
decision of the two-phase commissioning. This way, it minimized the
clinical downtime of HDR brachytherapy and facilitated the staff training
with new TCC, TDU, and new QA processes. In addition to facilitating
checklist and workflow updates, there were couple project-level and
hardware-related failures which were identified in our two-stage FMEA.
Since the Flexitron is a relatively new HDR brachytherapy system, our
experience and outcomes from this FMEA-guided transition would
provide valuable information to the brachytherapy community.
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Producing Optimal Dose Distributions

with a Novel ‘‘Virtual Ring’’ Applicator

Design

Christopher Jason Tien, Ph.D., Zhe Chen, Ph.D. Dept of Therapeutic

Radiology, Yale University School of Medicine, New Haven, CT, USA.

Purpose: In popular gynecological applicators, such as the tandem-and-
ovoid (TO) or tandem-and-ring (TR) designs, a tandem is paired with two
ovoids or a single ring, respectively. Removal of TO and TR may be
difficult for patients with narrow vaginal canals. Furthermore, lateral
extension of CTV is difficult to address in a pear-shaped distribution
without excess dose delivery to normal tissue with the classic
intracavitary applicators. We propose a novel vendor-neutral ‘‘virtual
ring’’ applicator to overcome these challenges.
Materials and Methods: In its most basic form, this proposed applicator
consists of a cylinder with eight curved channel paths distributed over a
ring surrounding a central canal –designed to accommodate a tandem.
Various cylinder body shapes, channel path divergences and tip styles are
prototyped. In clinical application, the tandem (if employed) will be
stabilized within the uterus. The applicator is inserted intra-vaginally
through the introitus with the tandem in the central canal. Interstitial
needles are inserted into the curved channel paths at the applicator base,
following the curvature of the channels, and emerge at a predetermined
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angle from the tip of the applicator. The depth of interstitial penetration can
be guided by either ultrasound, MRI, or by prior imaging. The needle can be
visualized through the transparent cylinder to confirm depth and is fixed into
place using a screw-type collet.
Results: Prototype devices were produced by iterating between CAD
rendering and 3-D printing using PLA Material. Each applicator has a
central canal with eight needle paths diverging away from the central axis
of the applicator. The virtual ring is created by the dwell positions of the
eight needles which correspond to a ring shape. Lateral needles could be
manipulated in order to gain more realistic dosimetric coverage using an
asymmetric loading of the ‘‘virtual ring.’’ Identical dose distributions to
template plans using either TO and TR were obtained. In TO and TR
designs, some dose is dispersed within the applicator channel itself. In the
"virtual ring" design, as an interstitial applicator, the overall mean dose to
tissue was higher than either TO and TR.
Conclusions: Dosimetric distributions of TO and TR were obtained using a
newly designed intracavitary virtual ring applicator, which can be used to
guide interstitial needles. Further testing demonstrated the feasibility of
asymmetric loading of the virtual ring. Patients with difficulty tolerating
TO or TR removal due to narrow vaginal anatomy may theoretically
benefit from this virtual ring applicator. The radiobiological implications
of higher mean dose to tissue immediately surrounding the applicator will
be carefully examined.

PO120

Can Hybrid Inverse Planning

Optimization Be Better Than Inverse

Planning Simulated Annealing in High-

Dose-Rate Intracavitary Brachytherapy

for Cervical Cancer? Per ICRU-89

Dosimetric Analysis

Subramani Vellaiyan, PhD, Daya Nand Sharma, M.D, Ashish Binjola,

M.Sc, Dip.R.P, M.S. Sreejesh, M.Sc, Rituraj Upadhyay, MD, S. Megha

Singh, M.Sc Dip.R.P, Seema Sharma, M.Sc Dip.R.P, Abhilasha Saini,

M.Sc, J. Jenitha, M.Sc, Jyoti Yadav, M.Sc Dip.R.P, Sourab Shyleshan,

M.Sc, Subhash Chander, M.D, Goura Kishore Rath, M.D. Radiotherapy,

All India Institute of Medical Science, New Delhi, India.

Purpose: The Purpose of this study was to compare two inverse planning
algorithms, hybrid inverse planning optimization (HIPO), inverse
planning simulated annealing (IPSA) and a conventional Point A planning
for cervical cancer in HDR intracavitary brachytherapy.
Materials and Methods: Ten patients of cervical cancer who received
HDR intracavitary brachytherapy were selected for this study. All patients
underwent CT scans using the Brilliance Big Bore CT-Simulator CT
images were transferred to Oncentra Brachytherapy TPS version 4.5.3.
The reconstruction of applicator was made. Contouring of HR-CTV,
bladder, rectum and sigmoid colon was performed according to the GYN
GEC ESTRO recommendations. For all patients, three different treatment
plans were created. The first plans were manually optimized which were
clinically used for patient treatment. The other two were created inverse
optimized treatment plans with HIPO and IPSA. The dose prescription
was 7Gy to Point-A. All plans were evaluated based on the ICRU-89
recommended dosimetric paraters and analysed with student pair t-test for
the statistical significance.
Results: The volumes of HRCTV were ranged from 32.6cm3 to
64.2cm3. The study shows that D98 of HRCTV is comparable in all
three techniques. There is no statistically significant difference in D90
as well, however, D50 is 11.66�0.44 Gy and 11.88�0.39 Gy in IPSA
and HIPO compared to Point A plan (p#0.008) . Inverse optimization
provides lesser 50 percent dose outside the target volume. Inverse
Optimization (IPSA/HIPO) is able to spare bladder by more than 6
percent of the prescription dose with no statistical significance.
Rectum Point Doses, D2cc, and D0.1cc also score better in terms of
sparing in inverse optimization (p #0.02 ). Sigmoid Colon sparing is
also better spared in inverse Optimization techniques. Best urethral
sparing D1cc is possible in Point A planning (1.76�0.399 Gy)
compared to 2.06�0.45 Gy in IPSA and 1.85�0.2 Gy in HIPO.

Dosimetric comparison of the three techniques is given is table 1 with
statistical significance.
Conclusions: This study showed that all three optimization methods
Resulted in almost equivalent HR-CTV coverage. Both inverse
optimization algorithms provided better sparing of OARs compared to
Point-A plan. HIPO resulted more homogeneous dose distribution than
IPSA. It has been demonstrated that HIPO is dosimetrically superior than
IPSA optimization.

PO121

Evaluation of Metrics and Methods for

Performing Failure-Mode and Effects

Analysis for Brachytherapy

Sean Roles, BSc, Gene Cardarelli, PhD, Michelle Schwer, MSc, Eric

Klein, PhD, Toni Roth, MSc, Jim Brindle, PhD, Mark Rivard, PhD. The

Warren Alpert Medical School of Brown University, Providence, RI, USA.

Purpose: Through renovating the brachytherapy program at a leading
cancer center, methods of the AAPM TG-100 report on failure modes and
effects analysis (FMEA) were used to objectively evaluate current clinical
workflows and devise strategies for refined workflows having fewer
failure modes and higher efficiencies. The AAPM TG-100 report
recommends evaluating a clinical workflow, performing an FMEA to
identify potential failure modes, and scoring them from the perspective of
occurrence frequency, failure severity, and the inability to detect them
(i.e., O, S, and D). The approach outlined in TG-100 uses scales for
evaluating the O, S, and D metrics that are not sensitive to the variability
associated with diverse treatment modalities and their distinct workflows
and potential failure modes. This study examined the impact of differing
evaluation scales, as well as differing methods to determine the risk
priority number (RPN) beyond simply multiplying O, S, and D.
Materials and Methods: The clinical workflow for a complex
brachytherapy procedure (non-invasive image guided breast
brachytherapy, NIBB) was assessed by 15 participating staff members
towards identifying potential failure modes for the current processes.
There were 51 discrete failure modes identified. The TG-100 scoring
system for O, S, and D is crafted for evaluating failures associated with
intensity modulated radiotherapy, the only example given in the report.
Differing from the TG-100 report, the scales used for ranking O, S, and D
were spread over the complete range of possibilities with care to set the
thresholds of each value to allow discernment at each scoring level. This
approach mitigated the natural bias towards grouping scores near the
median of the range and permitted increased granularity for scoring the
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specific brachytherapy procedure being evaluated. A comparison is given in
the accompanying figure. The O, S, and D metrics were multiplied together
and weighted equally towards deriving the risk priority number (RPN),
defined by TG-100 as a relative surrogate metric for the risk posed to the
patient by undetected failures. This approach assumed the commutative
property of multiplication with, for example, 1x10x155x1x252x1x5.
Considering each failure mode and its sensitivity to OSD-scoring, it is our
impression that this approach is inappropriate and that different
weightings should be assigned to each of the 3 metrics. Consequently, a
new method for deriving RPN was examined.
Results: Mapping our scale values to those from TG-100 for O and D
exposed areas of improved granularity as well as diminished potential for
failure mode scoring bias and ambiguity. O and D were both quantitative
measures; however, the S metric was subjective and the mapping process
was therefore less accurate. With application to the brachytherapy
procedure, more than half of the failure modes resulted in metrics that
were not able to be adequately resolved using the TG-100 scoring system
(when simply multiplying O times S times D). As RPN ranking of failure
modes are relative values, it is important to discern the various
possibilities and not lump them all together through having a coarse
scoring system. Albeit based on perception by the 15 participating staff
members, a more realistic measure of risk was determined using a
weighted-product of O, S, and D to determine the RPN instead of simply
multiplying them all together with equal weighting.
Conclusions: Detailed methods from the TG-100 approach were
questioned towards deriving a more realistic assessment of risk for a
complex brachytherapy procedure. These methods considered the ranking
scales for occurrence, severity, and inability to detect failures as well as
the manner in which RPN was determined. Sensitivity analyses of the
new ranking scales and method to derive RPN are underway.

PO122

The Effect of Source Anisotropy on Dose

Distribution in Vaginal HDR

Brachytherapy: Comparison of Two

Afterloader Source Models and

Treatment Planning Systems

Deborah Marshall, MD MAS, Vishal Gupta, MD, Audrey Saitta, MD,

Zahra Ghiassi-Nejad, MD PhD, Allison Powers, MS, Ren-Dih Sheu, PhD,

Yeh-Chi Lo, PhD, Vishruta Dumane, PhD. Radiation Oncology, Mount

Sinai Hospital, New York, NY, USA.

Background: In optimizing brachytherapy treatment plans for single
channel cylinders, the dose distribution is invariably influenced by the
source anisotropy. Different afterloader source models may Result in
varying dose gradient across the cylinder. Hence, evaluation of the effects
of anisotropy function of the afterloading source models (and treatment
planning systems) on brachytherapy dose distribution is important. Our
Health System has two different afterloaders and treatment planning
systems, i.e. VariSource iX/VariSource 200 (using BrachyVision v11),
and Elekta V3 (using Oncentra V3.3). The source model in the
VariSource afterloader VS2000 consists of two 2.5 mm long sources with
an active length of 5 mm. The source model in the Elekta V3 afterloader
consists of a single 3.6 mm long source with an active length of 3.6 mm.
The purpose of this study is to compare single channel HDR
brachytherapy treatment plans from these two systems, with specific
attention to dose along the cylinder contour at the cylinder tip, the dome
and along the cylinder length. Also, based on our observations there may
be opportunity to further reduce dose inhomogeneity and improve our
treatment planning protocols/algorithms for each afterloader.
Materials and Methods: Using specifications from 14 anonymized
patients planned and treated at our institution, we replanned each case
using two systems with different source models: the VariSource iX/
VariSource 200 afterloader on BrachyVision V11 and the Elekta V3
afterloader on Oncentra 3.3. Dose was prescribed to the surface of the
cylinder for this analysis. Cylinder diameters were 2cm-3.5cm and
prescribed treatment lengths from 3cm-4.5cm. Prescription dose was 12
Gy in 3 fractions if the patient received external beam and 24 Gy in 6

fractions if the patient did not receive external beam. Dose was
documented at the tip, at 3 points along the dome of the cylinder (3mm,
6mm and 9mm from the tip) and at midpoint along the prescribed
treatment length. Mean isodose at each point and mean difference
between treatment (isodose) length and active (dwell position) length was
calculated for each system. Wilcoxon signed-rank tests were performed
comparing dose between the two systems.
Results: Although the difference in dose to the midpoint along the length of
the cylinder was not significant (P50.17) between the two systems, the
VariSource iX/VariSource 200 afterloader system demonstrated a 20%
lower (P50.001) dose at the tip. Doses at the 3 points along the dome of
the cylinder were on average 16-25% higher than the prescription dose
with VariSource iX/VariSource. 200 afterloader while with the Elekta V3
afterloader they were within 10% of the prescription dose.
Conclusions: Depending on the source model anisotropy, our study shows
that the dose at the tip of the cylinder in proximity to the vaginal apex may
receive up to ~ 20% lower dose than prescription, while up to ~ 10%-25%
higher than prescription dose is delivered along the cylinder dome in
proximity to other areas of the vaginal wall. With this comparative insight
on variation in dose, informed decisions around the source selection and
dosimetry considerations can be made for individualizing treatment for
patients. Further research in treatment planning protocols to reduce the
dose inhomogeneity in vaginal HDR brachytherapy is warranted,
especially as prescribing dose to the surface becomes more common.

PO123

Advantages of 18F-FDG-PET/CT in Non-

Small Cell Lung Cancer with Pulmonary

Atelectasis 125I Seed Implantation

Deyue Yuan, M.M., Zhen Gao, M.M., Hongtao Zhang, M.D., Juan Wang,

M.D., Huimin Yu, M.M. Oncology Dep.1 of Hebei General Hospital,

Shijiazhuang, China.

Objective: To investigate the advantages of 18F-FDG-PET/CT in non-
small cell lung cancer with pulmonary atelectasis 125I implantation.
Methods: 30 patients with non-small cell lung cancer and atelectasis
diagnosed in Hebei Provincial People’s Hospital from July 1, 2017 to
October 1, 2018 were enrolled. All patients underwent CT localization
scan and PET full-dimensional data acquisition 1 week before surgery.
The PET/CT image data was transmitted to the Beihang planning system,
and the target area and the affected side lung tissue, the main bronchus
and the heart were delineated according to the visual method as an
experimental group; the target area and the affected side lung tissue were
delineated in the same manner on the same CT image. The main bronchus
and heart were used as a control group. Set the prescription dose to
120Gy (error less than 10%), particle activity is 0.6-0.7mCi, apply the
brachytherapy planning system, develop preoperative plan, obtain two
sets of DVH map, compare the two groups of dosimetry, normal tissue
dose The difference. Statistical analysis was performed using SPSS 17.0
software. P!0.05 in each group was statistically significant.
Result: The tumor volume of the experimental group and the control group
were 89.23�1.67cc, 123.45�4.35cc, respectively (P!0.05). The two
groups of D90 are 123.34�0.76Gy, 121.25�0.92Gy, respectively
(PO0.05). The dose of the affected lung tissue are 5.12�0.98Gy,
9.76�1.34Gy,respectively (P!0.05). The number of implanted 125I seeds
are 58�3.5, 69�4.4, respectively (P!0.05).
Conclusion: 18F-FDG-PET/CT helps to improve target accuracy and
reduce radiation damage to adjacent lung tissue.

PO125

Proof of Principle Study for an In-House

Developed Automatic 2nd Check Program

for HDR Brachytherapy Plans

Jeremy N. Kunz, PhD, Y. Jessica Huang, PhD, Fan-Chi F. Su, PhD, Geoff

Nelson, PhD, Hui Zhao, PhD, Martin Szegedi, PhD, Prema Rassiah, PhD,

Bill J. Salter, PhD. Radiation Oncology, University of Utah-Huntsman

Cancer Hospital, Salt Lake City, UT, USA.
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Purpose: This is a Proof of principle study to demonstrate the possibility of
using an automatic 2nd check program for HDR brachytherapy plans. HDR
Brachytherapy is one of the high risk treatment techniques in Radiation
Oncology due to its close distance between the radioactive source and the
treatment area along with its surrounding normal tissue. The consequence
of any deviated parameter in the treatment planning system (TPS) could
possibly cause very serious toxicity or even a catastrophic event.
Therefore, a proper and thorough 2nd check on the HDR brachytherapy
plan by a qualified medical physicist (QMP) is critical to identify any
error before treatment delivery. In order to create a more streamline and
automated 2nd check process, we investigated an automated 2nd check
solution for HDR brachytherapy plans. This program should help catch
many manually entered errors in the planning process, and therefore
improve treatment safety and efficiency.
Materials and Methods: The DICOM RT Plan files generated from our
TPS, Oncentra Brachy, contains treatment related parameters. We
developed an HDR plan 2nd check program to extract relevant
information from the DICOM RT Plan file and compared them to either
predetermined parameters, such as patient orientation; or user entered
information, such as prescribed dose. To confirm its usability, we took a
previously treated tandem & ovoid plan and introduced various errors in
different plan versions in the TPS. The errors tested in this study were a
subset of check items on our brachytherapy physicist 2nd checklist. These
errors included: (a) wrong channel mapping, (b) incorrect index length,
(c) wrong prescribed dose, (d) wrong fraction number, (e) incorrect CT
dataset, and (f) incorrect medical record number (MRN). Each plan was
input into the 2nd check program to verify if the program can detect the
error successfully and generate an appropriate error message.
Results: Figure 1 shows the Result of when the wrong prescribed dose (Rx
Dose) was entered in the plan. The 1st column contains information
extracted from the DICOM RT Plan file; the middle column comprises
user (2nd check QMP) entered information during 2nd check; and the last
column shows the 2nd check program results. In this case, the patient
MRN and CT exam number matched the DICOM information, but a
mismatch between the Rx Dose in the treatment plan and the user entered
value was detected. Therefore, an ‘‘ERROR’’ is shown in the 2nd check
program to warn the user about a potential problem in the brachytherapy
plan. All of the errors introduced in the test plans were detected successfully.
Conclusions: The plans tested in this study had demonstrated the in-house
brachytherapy 2nd check program has the potential to assist physicists in the
2nd check process to identify errors in the brachytherapy plans. The intention
of this program is to be an aid rather than a replacement of the actual
physicist 2nd check. Our plan is to incorporate this 2nd check program in

our original plan checking process. The proposed workflow is for the 2nd

check QMP to verify that no errors are found by this 2nd check program
before moving onto other subjective check items such as quality of the
plan, dose to the tumor volume and critical structures, etc. This Proof of
principle study established the feasibility of the proposed program and
workflow for future clinical use on all HDR brachytherapy plans.

PO126

Is MR-Exclusive Brachytherapy Planning

Feasible for Vaginal Cylinders with

Stainless Steel Components?

Christopher Jason Tien, Ph.D.1, Matthew R. Hoerner, Ph.D.2, Shari

Damast, M.D.1, Zhe Chen, Ph.D.1 1Dept of Therapeutic Radiology, Yale

University School of Medicine, New Haven, CT, USA; 2Dept of Diagnostic

Radiology, Yale University School of Medicine, New Haven, CT, USA.

Purpose: The debate on necessity of CT in brachytherapy planning has
recently been revisited. As with many clinics, our vaginal cylinder cases
are planned using both CT and MR for the majority of vaginal cylinder
cases. The main advantages to including CT in treatment planning are its
spatial resolution, spatial integrity, and inherent electron density
information. We examined the feasibility of an MR-exclusive workflow
with applicator in situ for our custom vaginal cylinders.
Materials and Methods: Our current workflow involves cylinder in situ
only with the CT imaging in treatment position while MR imaging is
performed with no cylinder and supine. The cylinder is composed of an
acrylic shell which houses a stainless steel stem and is immobilized using
a stainless steel thumb screw. To quantify the magnitude of spatial
integrity and distortion, an ACR phantom was imaged and the grid slice
was extracted from one of our clinically utilized MR scanners. A custom
MATLAB (Mathworks, Natick, MA) program was utilized to quantify
displacement and rotation. The overall image was next examined by a
board-certified diagnostic physicist for imaging artifacts. To quantify the
dosimetric effects of these potential displacements and/or rotations, DVHs
were generated using Eclipse BV (Varian Medical Systems, Palo Alto,
CA). By default, our dose calculations are performed using the TG-43
formalism. Therefore, to quantify the importance of electron density
information, calculations were repeated in Eclipse BV using previously
commissioned AcurosBV model-based dose calculation algorithm.
Results: Due to the stainless steel components, our applicator cannot be
utilized in situ for MR imaging. A photograph of the grid slice from the
ACR MR phantom using the imaging parameters specified in their annual
testing is shown in Figure 1. The Results demonstrate that the uniformity
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of the magnetic field for this scanner fall within the ACR specified tolerance
of � 2 mm. Most of our prescriptions for vaginal cylinder applicators are
based on a given depth in tissue from the cylinder wall. A displacement
of 2 mm caused point dose discrepancies at 5 mm depth ofO20% for a
2.0, 2.3, 2.6 and 3.0 cm diameter cylinders, respectively. Surface point
dose discrepancies were larger, as expected from the higher gradient.
After recalculating dose distributions using AcurosBV, point doses were
~2-3% lower in 2.0, 2.3, 2.6, and 3.0 cm diameter cylinders. The small
influence of stainless-steel material in the applicator reaffirms previous
results from AAPM TG-186.
Conclusions: MR-exclusive workflow requires scanners perform much
better than the ACR specified spatial distortion tolerance of � 2 mm.
Therefore, we are re-examining other methods to improve the spatial
integrity of our MR scanner. MR-exclusive workflow with applicator in
situ also requires an applicator composed of entirely MR compatible
parts. We are currently designing a custom jig which can be used for
accommodating an MR line marker in situ.

PO127

Dosimetric Verification of HDR

Brachytherapy Treatment Plans of Three

Different Entities Based on Measurements

with a 2D-Array

Horst Hermani, Dipl. Ing.1, Hathal Haddad, Dr.1, Susanne Temming, Dr.1,

Moritz Budde, M.Sc.2, I.A. Adamietz, Prof.2, Michael Pinkawa, Prof.1

1Robert Janker Klinik, Bonn, Germany; 2Marien Hospital Herne, Herne,

Germany.

Purpose: The aim of this work is to develop a method by which complex
HDR brachytherapy treatment plans can be verified dosimetrically.
Verification of complex treatment plans is nowadays a standard for
teletherapy, so VMAT treatment plans are verified prior to clinical use by
a suitable procedure. Often a 2D-Array with ionization chambers is used
for this procedure. In HDR brachytherapy, dosimetric verification prior to
clinical application is not yet common.
Material and Methods: Treatment plans of the breast, the prostate and the
endometrial tumor were verified. For the Brachytherapy of the breast a
MammoSite balloon was used. The prostate plan was made with 17
hollow needles. The plan of the endometrial tumor used a vaginal
applicator with a diameter of 23mm. All treatment plans were calculated
using the TG-43 formalism. For this Purpose, the original patient
treatment plan (BrachyVision v.15) was exported to a water phantom.
Subsequently the dose matrix of the plan in the water phantom was
exported. The measurement took place in a water phantom (PTW) with
the dimensions 73.5 cm x 63.5 cm x 52 cm with a 2D-Array with 729
ionization chambers (PTW). For this purpose, the 2D-Array was packed
watertight and positioned at a suitable distance to the applicator. Also a
correction factor for Ir-192 was determined before the measurement. For
the evaluation of the measurements we compared the dose measured by
each individual ionization chamber with the dose previously calculated at
this location.
Results: The deviations of the measured values of the individual ionization
chambers were compared with the previously calculated values. For all three
entities, larger deviations of more than 8% were detected at the margins of
the 2D-Array. Here, however the dose was so low, that it is not clinically
relevant. On average, the dose deviation in the MammoSite plan was 5%,
6% for the prostate and 3% for the endometrial plan. The higher deviation
in the prostate plan may be due to the inaccurate placement of the needles
in the water phantom. Also the higher transit dose due to the 17 hollow
needles can play a role, which is not considered by the Treatment
Planning System.
Conclusion: Before complex brachytherapy treatment plans are applied
clinically, it is useful to verify these dosimetrically. This should be done
analogously to the process in the teletherapy, where also IMRT and
VMAT treatment plans are verified before clinical use. Therefore any
errors can be detected prior to clinical application. This would be
incorrectly connected applicators (ex. prostate, multi-lumen MammoSite).

Furthermore, it should be discussed whether the introduction of a rating
criteria such as the gamma index is useful for HDR brachytherapy.

PO128

TRAK Relates to Prescription Isodose

Surface Volume and Treatment Time in

Vaginal Cylinder HDR Brachytherapy

Ravindra Yaparpalvi, MS, Hsiang-Chi Kuo, PhD, Shu-Hui Hsu, PhD, Lee

Goddard, MS, Dinesh Kumar Mynampati, MS, Keyur Mehta, MD.

Montefiore Medical Center, Bronx, NY, USA.

Purpose: Total Reference Air Kerma (TRAK) is defined as the integral of
the reference air-Kerma rate at a reference distance from the source over the
treatment period. Reporting of TRAK as one of the treatment parameters is
highly recommended in gynecological brachytherapy. In this study, we
correlated TRAK to Prescription isodose surface volume and the total
Treatment time in Vaginal Cylinder (VC) high dose-rate (HDR)
Brachytherapy.
Materials and Methods: Treatment plans of 175 Gynecological cancer
patients treated at our institution with Ir-192 HDR Brachytherapy using a
single-channel VC applicator were retrospectively reviewed. The VC
applicator diameter distribution was 20 mm (n54), 25 mm (n512), 30
mm (n552), 35 mm (n5104), and 40 mm (n53). The treatment lengths
ranged from 30 mm to 90 mm (median 50 mm). Brachytherapy dose was
5-Gy (DRef) prescribed to points 5 mm away from the cylinder’s surface.
A commercial treatment planning system (modeled based on AAPM TG-
43 calculation formalism) was utilized for dose planning and the source
dwell times in each case were optimized using dose point optimization
(both points 5 mm lateral to the cylinder surface and apex point at 5 mm
from cylinder dome were included in dose optimization process). The
source step size applied in treatment plans ranged from 2 to 5 mm.
Parameters TRAK (cGy at 1 m reference distance), Source strength at
treatment (Ci), total treatment time (seconds) and prescription isodose
surface volume (VRef) were recorded from individual brachytherapy
treatment plans.
Results: TRAK correlated with VRef, best described via a power-law type
equation: VRef [ 4768 3 (TRAK/DRef)

1.47 (R2 50.984) (Figure 1(a)).
TRAK also correlated with the total treatment time (treatment times were
normalized to a 10-Ci activity source) via the equation Time
(seconds) [ 881.3 3 TRAK (R2 50.999) (Figure 1(b)). In our study, the
average values of TRAK for the cylinder diameters utilized were: 0.227
(20 mm), 0.272 (25 mm), 0.317 (30 mm), 0.381 (35 mm) and 0.455 (40
mm) respectively.
Conclusions: TRAK effectively predicts the volume of isodose surface
enclosed by reference dose in vaginal cylinder HDR brachytherapy.
TRAK also correlates in a linear fashion with the total treatment time in
VC brachytherapy. Importantly, TRAK could be utilized as a secondary
plan quality check parameter by establishing a range of optimal TRAK
values, for specific VC applicator size, that could be derived based on
individual institutional dose prescription and optimization practices.
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Calculation Algorithms in CT-Based

Interstitial HDR Brachytherapy
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Moritz Budde, M.Sc.2, I.A. Adamietz, Prof.2, Michael Pinkawa, Prof.1.
1Robert Janker Klinik, Bonn, Germany; 2Marien Hospital Herne, Herne,

Germany.

Purpose: In brachytherapy 3D treatment planning the TG-43 formalism has
been used predominantly for dose calculation in tissue. However, this
formalism does not take into account any density inhomogeneities in the
tissue. The new Acuros-BV algorithm (Varian) takes the different
densities of tissue, air and bone for the dose calculation into account. This
may be important in interstitial HDR brachytherapy of pulmonary
metastasis. The aim of this work is to compare these two algorithms in
the HDR brachytherapy planning of pulmonary irradiation volumes.
Material and Methods: Retrospectively, three HDR brachytherapy
treatment plans of patients with one pulmonary irradiation volume were
calculated once with the TG-43 formalism and once with the Acuros-BV
algorithm. Two or three hollow needles were implanted under CT
fluoroscopy into the area which will be irradiated. Afterwards the patients
were irradiated with an Ir-192 HDR afterloader. The PTV and the OAR
(ribs, heart, spinal cord, lungs) where contoured in Brachytherapy
Planning v.15 (Varian). The volumes of the PTV were 8,2cm3, 10cm3 and
31,6cm3. On the one hand, the differences in the DVH were evaluated.
Furthermore the calculated dose at some reference points was compared.
The reference points were placed near by the transitions between air,
bone and tissue.
Results: Since the Acuros-BV algorithm takes into account the different
densities in the tissue during the dose calculation, slight differences
between the plans are noted. Especially behind the transitions from air to
tissue, the values in the created reference points deviate by an average of
2.6%.
Conclusion: In CT-based interstitial HDR brachytherapy of pulmonary
irradiation volumes, it should be noted that only the newer Acuros-BV
dose calculation algorithm accounts for tissue density inhomogeneities.
Especially in the transition from lung to rib, the Acuros-BV algorithm
achieves a more accurate dose calculation than the TG-43 formalism, as it
assumes a constant density of 1g/cm3. In case of further clinical use of
the TG-43 formalism, this should be taken into account in order to avoid
underdoses in the PTVor overdoses in the OAR.

PO130

Dosimetric Study of 125I Seeds

Implantation by 3D-Printing Coplanar

Template for Pelvic Wall Recurrent

Cervical Cancer after Radiotherapy

Ang Qu, Dr., Ran Peng, Dr., Yuliang Jiang, Dr., Ping Jiang, Dr., Zhe Ji,

Dr., Haitao Sun, Dr., Junjie Wang, Dr. Department of Radiation Oncology,

Peking University Third Hospital, Beijing, China.

Purpose: To investigate the feasibility of 3D-printing coplanar template
(3D-PCT) for guiding 125I radioactive seed implantation in the treatment
of pelvic wall recurrence of cervical cancer on ensuring the accuracy of
dose.
Materials and Methods: From October 2016 to December 2017 in Peking
University Third Hospital, 10 patients with pelvic wall recurrent cervical
cancer after radiotherapy were treated with 125I radioactive seed
implantation assisted by 3D-PCT. The median age was 53.5 years old(37-
71 years old). All the KPS score were more than 70. All patients received
pelvic radiation therapy previously. The volume of the lesion was 3.5-
58.0 (median 31.9)cc. The prescription dose was 120-180 Gy. The
activity of seeds was 0.55-0.67 mCi(1 Ci53.7�1010Bq), while the
number of seeds were 12-81 (median 50) on preoperative plan.
Radioactive seeds implantation was performed under 3D-PCT guidance
according to the preoperative plan. The actual number of implanted seeds
was 52.5 (10~82). Dosimetry parameters included D90, D100, V100,

V150, V200, external index (EI), conformal index (CI), heterogeneity
index (HI), and organ-at-risk doses of D2cc, D1cc and D0.1cc.The
nonparametric test was used to compare the differences of the parameters
between preoperative plan and postoperative plan.
Results: The seeds number of postoperative plan was more than that of
preoperative plan (Z5-2.255,P!0.05), but all of the dosimetric
parameters were showed no significant difference (PO0.05). D2cc and
D1cc of rectum of postoperative plan were lower than that of preoperative
plan (Z5-2.100,-2.240,P!0.05), but other dose parameters of normal
tisssues showed no significant difference (PO0.05).
Conclusions: Assisted by 3D-PCT for 125I radioactive seed implantation in
pelvic wall recurrence of cervical cancer, the actual postoperative dose
could reach the preoperatie plan, through the intraoperative optimization
of dose. 3D-PCT could ensure the precise of delivered dose of 125I
radioactive seeds implantation.

BREAST EPOSTER

PO131

Multicatheter Interstitial Brachytherapy

(MIBT) Based Accelerated Partial Breast

Irradiation (APBI) - Dosimetric

Comparison with External Beam

Radiotherapy - An Observational Study

G. Kiron. Radiation Oncology, Kasturba Medical College, Manipal,

Udupi, Karnataka, India.

Aim and Objectives: The Aim of the study is to dosimetrically compare
multicatheter interstitial Brachytherapy with External Beam therapy in
terms of normal tissue exposure and tumor coverage.
Materials and Methods: This was a retrospective observational study done
in the Department of Radiotherapy and Oncology, Shirdi Sai baba cancer
hospital and research Centre, KMC Manipal during 2016-2019.
Demographic data and clinical details will be collected from the out-
patient records of the patients. For each patient who has undergone MIBT
based APBI, an additional 3DCRT and VMAT treatment plan will be
created using the same CT dataset and contours that were utilized for
MIBT planning. Therapy related parameters such as tumour coverage,
homogeneity, and exposure to OARs will be collected from the Treatment
Planning System.
Results: A total of 32 patients were included in the study based on inclusion
and exclusion criteria. D95 and D90 were almost similar in both techniques,
Tumour coverage was acceptable in both techniques. Mean ipsilateral breast
dose was 35.34% in MIBT compared to 52% in 3DCRT plan. While V100
for ipsilateral breast was 20.34%, it was 22.47% in 3DCRT. V50 for
ipsilateral breast dose was 37.17% in MIBT Plan whereas it was 50.34%
in 3DCRT plan. Mean ipsilateral lung dose was 17% in MIBT planning
and 18% in 3DCRT plan. D2 fpr MIBT plan was 45% while it was 89%
in 3DCRT plan.
Conclusion: MIBT was found to be dosimetrically superior to 3DCRT
technique with respect to lung and ipsilateral breast dose

PO132

Dose Comparison of Bi-Lateral Breast

Treatment with HDR and External Beam

Muhammad A. Shah, MS, Raul T. Meoz, MD,

Michael J. Anderson, MD, Ali S. Meigooni, Ph. D, Craig A. Koontz, MS.

Radiation Oncology, Comprehensive Cancer Centers of Nevada, Las

Vegas, NV, Henderson, NV, USA.

Purpose: Sometimes patients need treatment for bilateral breasts. This
treatment can be performed with external beam which is delivered using a
Linear Accelerator and employing IMRT or 3D technique. In IMRT
treatment, patients are treated with 6 MV photons beam and a step and
shoot method or Volumetric Modulated arc therapy (VMAT) technique is
used. In 3D, tangent beams are used to treat the patient for bilateral
breasts. In external beam, the radiation must enter the body from external
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source of radiation and some normal tissue also receives high doses while
the therapeutic dose is delivered to the treatment volume. This treatment
can also be performed using Brachytherapy. In Brachytherapy, applicators
(SAVI, CONTURA or BEST BALLOON) are placed in both the breasts
and a radio isotope (mostly iridium-192 from an HDR treatment unit)
enters the applicator during treatment. The Purpose of this study is to
compare the doses delivered to normal structures like Cord, Heart and
Lungs during the Brachytherapy treatment to those delivered during
external beam treatment.
Materials and Methods: For external beam treatment, Varian Linear
Accelerator with multi-leaf collimator is used to deliver treatment. For
IMRT, the dose is modulated and with the help of the multi-leaf
collimators of the accelerator, dose is delivered in such a way that normal
tissues receive as minimum dose as possible and at the same time, the
treatment volume receives the prescription dose. For 3D technique, these
multi-leaf collimators are used to shape the beam such that the normal
structures are shielded from direct beam. But in order to get a good
coverage for the treatment volume, normal structures are sometimes
radiated. Pinnacle treatment planning system version 9.8 was used for
treatment planning Purposes. In High dose rate brachytherapy (HDR)
treatment, SAVI, CONTURA or Best Balloon applicators are placed in
the patient by surgeon and then patient is scanned in the radiation
department for treatment planning. Oncentra Brachy software is used for
treatment planning and ‘‘microSelectron’’ treatment unit is used to treat
patients with HDR. This unit has an Irridium-192 isotope for treatment.
For this study, the external beam initial treatment was considered only as
boost can vary. A dose of 2 Gy in 25 fractions was delivered to a total of
50 Gy. For HDR the calculated doses were changed to external beam
equivalent of 2 Gy using Alpha Beta ratio equation.
Results: The Results of doses received by different normal tissues are
summarized in table I. As can be seen that the doses in the external beam
received by normal organs are higher as compared to the doses received
by these organs in the HDR treatment. The dose from HDR shown in the
table are the higher doses for the organs from the patients that were
reviewed. As the table shows, max dose to cord from external beam from
the complete treatment is 4.4 Gy and in a complete treatment from HDR
(to both the breasts with 10 fractions each of 340 cGy per fraction), the
maximum cord dose is 2.2 Gy. Similarly, the maximum dose to heart
from external beam is 43.62 Gy and from HDR it is 8.1 Gy. It is also
clear that the overall dose to Lung and Heart from HDR treatment are
less then external beam treatment.
Conclusion: APBI HDR treatment for Bi-Lateral breasts is a rare treatment
but it can have advantages over external beam treatment. Patients get very
good cosmetic Results, treatment is shorter (5 days) as compared to
external beam treatment that may be 30 to 35 days. There is a dosimetric
advantage as well as seen in the results. Overall, the normal tissue receives
less dose in HDR treatments as compared to external beam treatments.

PO133

Technique Matters: Pearls for Excellent

Breast Brachytherapy by Various

Techniques Learned over 2500 Cases

Robert R. Kuske, MD. Arizona Center for Cancer Care, Arizona Breast

Cancer Specialists, Scottsdale, AZ, USA.

Purpose: In the 1970s and 1980s, brachytherapy covering the original
tumor site was a common boost technique after 5 weeks of external beam
breast irradiation. In 1991, wide-volume brachytherapy was introduced as
a sole method of breast irradiation as a component of breast conservation
therapy. Over the subsequent 28 years, significant improvements in target
volume coverage, dose homogeneity, image-guided catheter insertion
techniques, and quality measures have enhanced the field of accelerated
partial breast irradiation (APBI). Now, approximately 15% of early breast
cancers in the U.S. are treated by APBI, and randomized trials from
Europe and North America have demonstrated non-inferiority and
insignificant differences in ipsilateral breast tumor recurrence rates
(IBTR) in comparison to traditional whole breast irradiation (WBI).
Breast cancer is unforgiving: an appropriate risk-adapted target volume
must be reproducibly treated by a tumoricidal dose or IBTR will become
unacceptable. IBTR without WBI ranges between 25 and 35%, while
quality APBI reduces IBTR to approximately 5%. This presentation
examines the details that define quality breast brachytherapy.
Materials and Methods: Multicatheter interstitial and single-entry
brachytherapy APBI treat different target volumes to the same dose: 34
Gy in 10 fractions over 5 days, 32 Gy in 8 fractions over 4 days, or 22.50
Gy in 3 fractions over 2-3 days. Each technique and regimen are
examined critically.
Results: How patients are selected for each technique, reproducible image-
guided methods of catheter insertion, and how experts derived quality
measures and what they are, will be presented. A delicate balance of
target volume coverage and dose homogeneity, which can be competing
priorities, will be explained.
Conclusions: Target volume coverage is key to minimizing IBTR, but
brachytherapists must maximize dose homogeneity at the same time in
order to lower the rate of fat necrosis, skin damage, and other toxicities.

PO134

Quality of Life Assessment Comparison

between APBI and WBI in Breast

Conserving

Vibhay Pareek, MBBS, DNB, Rajendra Bhalavat, MD, Manish Chandra,

MBBS, DNB. Radiation Oncology, Jupiter Hospital, Mumbai, India.

Background: Accelerated Partial Breast Irradiation (APBI) with Interstitial
Brachytherapy has been an effective treatment modality and has been found
to be non-inferior to whole breast irradiation (WBI) in local control and
overall survival. We present Results of quality of life assessment
comparison between APBI and WBI in early breast cancer.
Methods: Among the properly selected cases for APBI, the group was
retrospectively compared with patients where similar indications for
APBI persisted but refused the procedure. Quality of life assessment was
done with EORTC-QLQ-C30 and BR23 questionnaires. The
questionnaires were assessed at baseline, immediately after completion of
radiotherapy, and during 3 monthly follow up. There were 16 patients
who were treated with APBI and 15 patients treated with WBI followed
by tumor bed boost.
Results: Between August 2015 and June 2016, 31 patients were assessed.
Ipsilateral local recurrence was considered as the primary end point and
none of the patients achieved the same. The response to the questionnaire
at the three phases of assessment was 100%. The Results present the 2
year follow up evaluation of quality of life assessment in both groups.
Global health status was found to be similar in both groups at baseline
and at 2-year follow-up. Physical, Role and Cognitive functioning were
also found to be similar. The significant difference was found to be in
relation to Body image (difference of mean 12.8) and Breast Symptom
function (difference of mena 13.8) in favor of APBI at 3 month follow up
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and non-statistical significant difference in systemic therapy side effects
favoring APBI (difference of mean 8.1).
Conclusion: APBI in early breast cancer form a non-inferior treatment
option with regards to local control and survival and is logistically
simpler with few factors of improved quality of life.

PO135

The Effects of Applicator Rotation on the

Treatment of HDR Brachytherapy APBI

Muhammad A. Shah, MS Physics,

Michael J. Anderson, MD, Ali S. Meigooni, Ph. D, Raul T. Meoz, MD,

Craig A. Koontz, MS. Radiation Oncology, Comprehensive Cancer

Centers of Nevada, Las Vegas, NV, Henderson, NV, USA.

Purpose: Accelerated Partial Breast Irradiation or APBI is one of the
radiation therapy techniques that is being used in the early stage breast
cancers. This treatment technique includes external beam therapy or
Brachytherapy. In the later technique, applicators like SAVI or Balloons
(CONTURA or Best Balloon) are used after lumpectomy to treat the
patient. These are multi lumen applicators. When an Applicator is placed
in the breast for treatment, dose is optimized based on the catheter
positions of the applicator with respect to Skin and Ribs. Patient skin is
also marked (as shown in figure 1) for some of the catheters to make sure
that the Applicator does NOT rotate during intra-fractional treatments. If
the applicator rotates, then that can change the dose distribution, may
Result indifferent dose to skin and ribs and also the dose coverage of the
PTV_EVAL may vary. The purpose of this study is to check the effects of
applicator rotation from one fraction to next on the coverage, skin dose
and ribs dose.
Materials and Method: For this study, ELEKTA treatment software
‘‘Oncentra Brachy’’ version 4.5.3 was used for planning. Patient cases
were analyzed based on the applicator proximity to skin and ribs. An
initial treatment plan of the patient was reviewed and then copies of the
plan were created to change the orientation of catheters in the subsequent
treatments. For these evaluations, a plan was created with the applicator
on its position as found in the CT images, and then applicator is rotated
half way between two respective struts, clockwise and counter-clockwise.
In order assess the impact of the rotation on dose coverage to different
Organs at risks, the original dwell time and dwell positions were used for
calculating the dose in the rotated applicator. The initial plan was based
on the following doses (Figure 2 and 3) A) 95 Percent of the dose was
covering 95 percent of the treatment volume. (RTOG 90 % to 90 %) B)
Skin þ 2 mm dose was 84.42 % or 305.62 cGy (for prescribed dose o
f340 cGy per fraction - RTOG max dose 5 100 %). C) Maximum dose to
Ribs was 89.89 % or 305.62 cGy of the prescribed 340 cGy. (RTOG max

dose 5 125 %). D) 24.2 cc volume was getting a dose of 150 % or more.
(RTOG 50 cc) E) 12.27 cc of the volume was receiving a dose of 200 %
or more. (RTOG 20 cc).
Results: After the catheters were moved, the following differences in the
dose were observed. (Figures 4 and 5)1 - For Half move clockwise the
DVH changed as follows 95 % coverage dropped down to 83.54 %,
Skin þ 2 mm dose increased to 121.60 % or 413.43 cGy. Ribs dose
dropped down to 79 % or 268.62 cGy. Whereas the 150 % dose and 200
% dose were covering 24.56 cc and 12.6 cc respectively. (Very small
change in both cases).2 - For a full move clockwise (a complete catheter
change). (Figures 6 and 7)95 % coverage to 84.73 % volume. Skin þ 2
mm dose 115.76 % or 393.58 cGy. Ribs dose increased significantly to
121.78 % or 414.04 cGy. 150 % and 200 % dose were covering 23.93 cc
and 12.54 cc respectively.3 - Half opposite rotation counterclockwise
(Figures 8 and 9)95 % coverage to 89.42 % volume. Skin þ 2 mm dose
103.81 % or 352.94 cGy. Ribs dose 111.87 % or 380.36 cGy. 150 % and
200 % dose were covering 24.07 cc and 12.28 cc respectively.
Conclusion: As indicated in the Results of these investigations, the
coverage to PTV_Eval falls off significantly (can be 10% to 12 % as in
figures 5 and 7). At the same time the dose to skin and ribs increases (can
jump from 84.4 % to 121.60 % as shown in the figures 3 and 5 for skin þ
2). Therefore, it is very important to check for the applicator rotation very
carefully before each fraction and adjust the applicator, if there was any
rotation.
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