Objectives

* Review and understand the advances and modernization of
brachytherapy treatment in gynecologic cancers

* Review the indications for HDR brachytherapy in prostate

cancers
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Types of Radiation Therapy
* Linear Accelerator: External « Brac erapy: Interna .
Ry nternel What is Brachytherapy?

Beam Radiation Therapy Radiation

* Internal Radiation Therapy

* Radioactive source is placed inside or next to an area
requiring treatment

* Giving a higher dose of radiation to a tumor while
sparing or reducing radiation exposure to other organs
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Historical Perspective Low Dose Rate vs High Dose Rate

. “Seeds” * Dose given off quickly from
a temporary source
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wsedtor ot 57 of 199 cases cured by Radium alone lished as decaying source placed * Applicator placed and
gyn cancers inside a patient source comes through an
| * Usually seeds left in patient afterloader
| to decay over time * Treatment takes minutes
1003 * Depending on source can * No radiation left in patient
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Indications for Brachytherapy in Cancer

Cervical Cancer
— Definitive
— Standard of Care Chemo-XRT
— Adjuvant tx for early stage

Endometrial Cancer
— Adjuvant therapy after surgery to prevent recurrence at the vaginal cuff
— Definitive early stage

Vaginal Cancer
— Concurrent chemo EBRT + brachy

Prostate Cancer
— Monotherapy

— Boost Treatment for high risk
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Cervical Cancer

e 4% most common cancer in

women worldwide
* Leading cause of cancer

death in women in many
countries
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3D Conformal Radiation Therapy

Hague et al Int Journal of Cancer and Oncology 2016
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Gynecologic Cancers

Cervical Cancer Treatment Overview

* Early stages (IA1-IB1): LEEP/CKC, Trachelectomy, Hysterectomy
* Advanced Stage (IB2-IVA): Chemotherapy and Radiation Therapy
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EBRT Brachytherapy | Nodal boost
45 Gy (or 50.4 Gy) EQD2: ~40-45 Gy
EBRT:45 or 50.4 Gy (45 Gy as effective) )
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IMRT/VMAT for Cervical Cancer
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Post-op GYN: IMRT vs 4 Field 3D

Showed reduced gastrointestinal and genitourinary toxicity with IMRT
compared with 4-field approach

Organ Motion during Treatment

Must be careful because of variation in bladder and rectal position

A B
o o
% e
3 3
@ z
i H
H S
28 e
&
=)
£
5
Y
Wwesk3or
wr war o
foursooRt vu o FoutoawT 7
@jennamkahn @jennamkahn g)
13 Sun et al 2016 Cancer/Radiotherapie
@OHSURadVled 5y Kiopp et al JCO 2018 ©@OHSURadMed ey

External Beam is not Enough Why does brachytherapy work?

Local failures according to stage as a function of CTV volume and dose
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Local Control Increase with Higher Brachytherapy Declining Utilization
Doses and Survival
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Brachytherapy Applicators Tandem and Ovoids/Ring
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Insertion — Practice Patterns Comfort is Important

*  Most (97%) of respondents? patients receive
anesthesia:

General (46%)

* PTSD in 41% for brachytherapy 1] °
— Pain
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— Spinal 27%) — Organizational problems A

— Intravenous conscious sedation (28%) — Immobility : o - =

— and/or oral pain medication (14%) 8 o 3
* Helpful Experiences i

@
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— Treatment team
— Psychological support
— Positive attitude
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Goals of the Implant Implant

* Good internal geometry
* Proper position relative to the cervix (dose to target)

* Minimize dose to organs at risk (rectum, bladder, small
intestines)

* Mechanical stability
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* Minimization of discomfort
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Implant Technique Impacts Control

\\.,;;x
Ideal YT/
Displaced L 4

h Asymmetric  susmees
_ Acceptable Unacceptable
Local Control (5yr) 68% 35% Corn et al Gyn Onc 1994
Overall Survival (5 yr) 61% 42% @jennamkahn
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3D Planning
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CT vs MRI
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2D planning: Point A
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CT vs MRI

Integrating MR

Mayr et al 1997:

e 43 patients .
underwent MRI e
. k7 o
* Correlation P uqun r
between Exam and £ i . %o
. E o 90
MR is poor qnd w9 o
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Integrating MR 3D to MRI planning

Staging
— accuracy up to 80%'
— superior to CT and clinical examination for
uterine body involvement and tumor size
and evaluation of parametrial involvement'? B
Clinical Utility
— incorporated to guide treatment decisions
and design

— Assess recurrence due alterations physical
exam due to radiation changes
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Brachytherapy: MR guidance MRI Based Brachytherapy

* Prospective trial of 56

* 370 practitioners surveyed
patients with Stage I-IVA

A
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cervical cancer 95% al CT "
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— 27 patients CT guided 7n =
and 29 patients MR 2= azy
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£ 5%
— 2 year LC: 87% vs 96% f . i Ll
— 2 year OS: 56% vs 84% 7 Ky @ e
— No difference in toxicity st peouse
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Brachytherapy with and without Interstitial
Needles
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Suneja and Viswanathan 2019 Gynecologic Malignancies

Survival is impacted by Advances
in Brachytherapy
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Image Guidance= More Interstitial

2A. All patients 2B. Large target volume (CTV ;230 cm®)

Patients with IC/IS brachytherapy (%)
0
= IC/S group: 21 events 10
S 1C/1S group: 17 events
'§ 0.9
1C group: 38 events
Fos
; IC group: 24 events
-value= 0.06 H
P i o7 p-value= 0.02
Consecutive patient number
1as7oen 0.6{Numbers at risk
U 103 76 60 s4 38
1C cohort 169 149 12 103 8 &
(1Y) 6 2 2 3% 48 e
Months from diagnsis
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Interstitial Needles improves
Tumor Coverage
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Image Guided Brachytherapy

* Improves pelvic control and o
survival
+ Local Control: 91% z‘ 2
+ Pelvic Control: 87% ol
* Overall Survival: 74% s., 3.. ,:
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Interstitial Brachytherapy

@jennamkahn
@OHSURadMed

Tiwari et al Brachytherapy 2020
Tanderup et al Semin Radiat Oncol 2014

OHSU



Interstitial Template

* Needles inserted under laparoscopic guidance
» Will stay in place for 3 days (2 nights)
* 5 radiation treatments, at least 6 hours apart
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Toxicity

« 2D planning has increased dose to vagina, sigmoid, bladder, and rectum

« This matters because increasing dose to these organs has higher rates of
rectal and vaginal toxicity

Y

PRERT 3 YEARS POST-RT

Mazeron et al 2016 Radiat Oncol
Kirchheiner et al Radiat Oncol 2016
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Endometrial Cancer

e Most common gynecologic cancer in US
¢ 4% most common malignancy in women
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Brachytherapy: 2D vs 3D
*  Prospective clinical trial with 705 patients = s H H H
. - @y W 0 5
— Group 1: Brachytherapy (BT), surgery 3 g I i i
— Group 2: EBRT, BT, surgery e Jat B H “
— Group 3: EBRT, BT 3
¢ 3D less Grade 3-4 toxicity than 2D planning R
~ (22.7% (2D) vs 2.6% (3D)) :
*  Improved local relapse-free survival at 24 months
compared to 2D imaging (78.5% vs. 73.9%) H
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Endometrial Cancer Treatment Overview

[ Surgical Resection ]

Adjuvant Treatment
(Based on Risk of
Recurrence/Nodal Involvement)
Early Stage Advanced Stage
(Stage IA, IB, Il) (Stage Ill, IV)

**Wide variance in
practice**

EBRT +/- Vaginal
Brachytherapy

L

Observe, Chemo +/- Pelvic RT,
Vaginal Brachytherapy +/- Pelvic
RT +/- Chemo
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Whole Pelvis and Vaginal Brachy Treatment for Grade and Invasion

GOG 99 and PORTEC 1 . PORTEC 2 Stage Grade 1 Grade 2 Grade 3
WPRT vs Observation - WPRT vs Brachytherapy IA non Obs Obs or VB* VB
RT in early stage intermediate « Brachytherapy should be invasive

risk endometrial cancer the treatment of choice for . . %

decreases the risk of patients with intermediate IA invasive Obs or VB VB VB
recurrence in the High risk endometrial cancer

Intermediate Risk groups IB \%: VB WPRT
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OHSU *VB if MMI, LVSI, or >60

Endometrial Cancer Vaginal Cuff Brachytherapy

* Early Stage VBT

Bladder

Vagina with
cylinder in place
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Rectum

Inoperable Endometrial Can Radiation Therapy Side Effects

Urinary Rectal
discomfort/ Fatigue "'w
urgency \J Lk

EBRT (Gy) HDR total dose (Gy) HDR dose fractionation_EQD; (Gy) )
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Low Risk Prostate Cancer

Prostate Cancer

Active Surveillance**

Radical Prostatectomy

External Beam Radiation Therapy
Stereotactic Body Radiation Therapy
Brachytherapy

L

L

High Risk Prostate Cancer

Radical Prostatectomy

EBRT + ADT

EBRT + ADT + Brachytherapy
SBRT*

L
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Risk Groups

Very Low Risk
— All the following: T1c, Gleason 6, PSA < 10, < 3 positive cores, <=50% in
any 1 core, PSA density<0.15 ng/ml
Low Risk: PSA <=10 ng/ml, Gleason <=6, T1c-T2a
Intermediate Risk: PSA 10-20 ng/ml, Gleason 7, T2b-T2c
High Risk: T3a or Gleason score 8-10 or PSA> 20
Very High Risk: T3b —T4, Primary Gleason pattern 5 or > 4 cores with

Gleason 8-10
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Intermediate Risk Prostate Cancer

* Radical Prostatectomy
* Brachytherapy

e EBRT +/- ADT

e EBRT + Brachytherapy
* SBRT
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1920s and 1930’s Prostate Implants
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EBRT vs Brachytherapy
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Monotherapy Brachytherapy = Surgery

* Close to 80% of men 4-5 years after LDR prostate
brachytherapy will achieve a PSA of <0.2

e PSA <0.2 is associated with 97-99% freedom from

prostate cancer recurrence at 10-15 years
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Prostate Brachytherapy

* Highly Effective Treatment for Prostate Cancer

— Can be used as monotherapy for low or favorable intermediate
risk prostate cancer

— Boost for unfavorable intermediate or high risk prostate cancer

— Salvage treatment for prior EBRT

* Concern around toxicity

— How can we use modern imaging to reduce brachytherapy
toxicity and still maintain high cure rates?
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Great Outcomes Monotherapy

Study
med HDR BED BFFS  DFFS  DbFFS  lateGU  lateGI
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Who are Candidates for
brachytherapy?

* Good KPS
* Urinary symptoms: favorable AUA
* Anatomy: Gland Size, ureteral position, bladder and

rectum proximity

2R

@jennamkahn
@OHSURadMed



LDR vs HDR

Needles: LDR-BT

HDR-BT
LDR- 4 seeds with "It dwell positions and dwell times
o used for source dwell of HDR-BT covers the CTV to cover the CTV.

y @jennamkahn g)
@OHSURadMed oHsU

Zaorsky et al 2017 Nat Reviews Urology

High Dose Rate

27 Gy (2 fractions)

29

-200% 90% -50%
=100% —8/N%
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Zaorsky et al 2017 Nat Reviews Urology
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Low Dose Rate

Zaorsky et al 2017 Nat Reviews Urology

L

@jennamkahn
@OHSURadMed

Brachytherapy Procedure

Implant
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LDR vs HDR
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Planning

High Dose Rate
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LDR brachytherapy Imaging in Prostate Brachytherapy

Treatment
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Why is improvement of imaging
important?

e Urinary Toxicity
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MRI in Prostate Cancer
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MRI based planning

[ 1%
MRI with catheters in pl
LAt MRI/ TRUS co-registration
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Prostate Brachytherapy

e Can be utilized as monotherapy
* Can be utilized as a boost for higher risk

* Integrating more imaging modalities such as MRI
helps to dose escalate
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Boosting a Nodule

Focused boost Focal Treatment
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Side Effects from Brachytherapy
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Conclusions

* Gynecologic malignancies such as cervical cancer
increase control and survival with improved imaging
techniques

* Using imaging techniques helps to guide
brachytherapy placement and accuracy of treatment
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OHSU Brachytherapy Program

Started August 2020

Hybrid and Interstitial \
Brachytherapy Program started Nov
2020

Prostate HDR Brachytherapy:
Starting May 2021 OHSU

Marquam Hill: Kohler Pavilion

Questions?
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Thank you

e OHSU Radiation Oncology * OHSU Gynecology Oncology

Richard Crilly
Jerry Jaboin
Charles Thomas
Anja Goerke
Amy Hamala
Michelle Bednar
Tiffany Ashley
Bonnie Ludeloff

— Jenna Emerson
Elizabeth Munro
— Koenraad DeGeest
— Amanda Brueg|
Tanja Pejovic

OHSU Radiology
— Alice Fung
— Wayne Smith
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