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Purpose: To determine the trends in brachytherapy use in cervical cancer in the United States
and to identify factors and survival benefits associated with brachytherapy treaument.

Methods and Materfals: Using the Surveillance, Epidemiology, and End Results (SEER)
database, we identified 7359 patients with stages IBZ-IVA cervical cancer treated with external
beam radiation therapy (EBRT) between 1988 and 2009. Propensity score matching was used to
adjust for differences between patients who received brachytherapy and those who did not
from 2000 onward (after the National Cancer Institute alert recommending concurrent

chemotherapy).

Brachytherapy in
Gyn Cancer in USA

4-year Cause Specific Survival
64.3% vs 51.5%, P<.001

And Overall Survival
58.2% vs 46.2%, P<.001
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Fig. 1. BrachyBerapy we rie berween 1958 snd 2009 in 1%
(2) and the ariginal § (b) SEER regiuies
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This study revealed a conceming decline in brachythe:
utilization over the past decade in the United States and signifi
geographic disparities in brachytherapy use. On multivari
analysis of the propensity score-matched cohort, brachythe:
use was independently associated with better CSS and OS,

We postulate that the sharp decline in brachytherapy utilization
in 2003 was the result of increased uptake, despite a dearth of
published data, of highly conformal radiation therapy technigues
including intensity modulated RT (IMRT) and more recently
stereotactic body radiation therapy (SBRT). In a 2002 survey of
ULS. radiation oncologists, 15% of the respondents reported using
IMRT in gynecology patients; by 2004, 35% used IMRT (14, 15).
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Curative Radiation Therapy for Locally Advanced Cervical
Cancer: Brachytherapy Is NOT Optional
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So they are trying IMRT and SBRT | Brachytherapy has been an essential

1o boost cervical disease? component in the successful treatment
of cervical cancer for more than 100
years.

Repeating painful mistakes from the past
1970s i 25MV, shrinking of EBRT

fields to deliver 60-70 Gy in stage IlIB
A brachy almost eliminated

With poorer survival rates and higher
complications, it was abandoned, but it

took years.
Tanderupel al UIROBP. March 1. 2014, Volume 86 ssue 3, Pages 5371539

EMBRACE study https://www.embracestudy.dk/ Prospec
24 Active Centers

0 Role of MRI guided
s = brachytherapy
- Joie (IGBT)in locally
- advanced cervical
cancer

correlate image

based DVH
Miwaukee parameters for the
™™ clinical target

volume and for
organs at risk with
outcome.
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Overall Accrual m

On 315 December 2015 overall number of registered patients was 1412111

2008 2009 2010 2011 2012 2013 2014 2015
m DukeMedicine Courtesy of C. Kirisits

Overall Survival locally advanced cerm
cancer SBRT/IMRT boost vs. 2D BT vs. 4D IGABT

&l \ Image wded adeptive Beachthwrapy
0 0
N t 10%
SBRT/IMRT
s I 15%

® 2

- 1
e HIGH

Adjusted Overall Survival (%)

% % &
Time from Disgaesis (months)
m | G ot o It Raiot Oncol ot Phys 01413527, Courtesy of C. Kirsits

S o seachytharapy, submitied

IG(A)BT i key to excellent m

overall survival rates
A 3(4)D MRI guidance:

i Possibility to conform the dose given with BT with regard to volume
(3D),

7 And time (adaptive component, 4D): Image at each fraction and
plan to take into account OARs and tumor regression

m DukeMedicine
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Role of imaging in modern IB

A Application insertion

A Planning

A Treatment Verification

A Applicator design

A Facilitate real-time dosimetry
A Dose summation

A For response

m DukeMedicine

Objectives

A Establish common terminology
1 HDR Intracavitary Brachytherapy

1 Current guidelines i GEC-ESTRO/ABS (pre ICRU 89)

A MRI imaging in IGBT

1 Insertion, planning, verification
Hybrid techniques: MRI/ CT/CBCT
Imaging for applicators design
Role in new ICRU 89

[@ oukemedicine

Objectives

A Establish common terminology
i HDR Intracavitary Brachytherapy
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LDR vs. HDR m

A Several large studies were designed to compare LDR with
HDR for cervical cancer

A Hareyama, 2002 (randomized trial), Japan, ACS
A Wang, 2010, (review), China, The Cochrane Collaboration

A Gaur, 2012 (randomized trial), India, Ind J Clin Practice, v.
23, no. 4, 203-211

A Viani, 2009 (meta-analysis of clinical trials), J Exp & Clin
Res

m DukeMedicine

Journal of Experimental & Clinical %)
Cancer Research Poed (%
opec Accas. ]

Research

Brachytherapy i : high-dose rate
brachytherapy
¢ A Viani®!

> 2000 patients

No differences between HDR
and LDR in OS, local
recurrence and late
complications

HDR

Objectives m

A Establish common terminology

i Current guidelines i GEC-ESTRO/ABS (pre ICRU 89)
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Current ABS Guidelines: 2012 m
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Part I & Il: Summary m

A (Volumetric) Imaging:

1 Localization : radiographic images, CT, MRI

CT- and MR-based localization allows for correlation of anatomic
data with source positioning.

MR best modality for normal tissue and tumors of the uterus and
uterine cervix

Details for MR sequences adequate for contouring and planning
Use of US for applicator placement and cervix delineation

[@ oukemedicine

Part 1& Il: Summary m

A Contouring:
T Follow GEC-ESTRO recommendations (C. Haie-Meder-2005, R. Potter 2006)
T HR-CTV, IR-CTV, OARs (rectum, bladder, sigmoid)
A Prescription:
T Target, target dose, dose per fraction, fractionation plan, isotope, dose to OARs,
applicator used
A Treatment planning
i TP and dosimetry SHOULD be performed every time applicators are inserted, even
if fixed applicator geometry is used.
T HR-CTV coverage D90 should equal 100%
T When using radiographs, prescribe to point A

m DukeMedicine
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Inter-/intrafraction variation in cervix cancer BT

8/3/2016

TPand 1 plan evaluated for images at different time points.
dosimetry Anatomical changes between irradiations may lead to large random dosimetric
SHOULD uncertainties _
be fraction 2 fraction 3
performed 7
every time '
applicators
are ted © Lang ot al 2913, Raghother Oncol
inserte o7
’ =] SN P
-
fixed mm 2 Emm Al 0O EEE s
a licator # patients  treatment fractions time range Image type images variation
pp 1 21 HOR 4 18-20hrs. MRI B4 -0p ,f—f
geometry 2 21 HOR 3 Shrs. MRI T2 remap &
are used. al e PR | 2x20im 2 eI % | s
4 HOR 5 122 days cr 8 [mewn
s| =z HOR 4 T-10days MR 54 |weao ~& -
6| 3 POR 2x20 1 week MRl 62 | vwaon
m DukeMe 123 patients 5h -3 weeks 377 3+3
Nesvadi et al. 2013, Radicther Oncol 107 Courtesy C. Kirisits, Vienna
Multicenter Center study of inter-/intrafraction I
target and OARs in cervix BT
A Dy [%]
A Doer between 2 acquisitions [%] (fixed plan, variable
(fixed plan, variable anatomy) anatomy)
rectum sigmoidibowel HRCTV
median__SD__| mean median sp
total 09 | 268% -14 17 13.1%
Intraaplication =37 235 -25 43 10.8
a7 | 02 04 08 151

Random u s (1SD) of physical dose per BT fra
~10% for HRCTV D90

(contouring uncertainty (Petric, Hellebust R&0 2013)) .
~ 20% for bladder, rectum Dyg,e |
~ 30% for siamoid Dzcpe L -

No correlation with time betw: ges was det

Courtesy C. Kirsits, Vienna

Part I& II: Summary m

A Dose calculation and guidelines:

T Recommended conversion of HDR fractionations into biologically
equivalent doses in 2-Gy fractions (EQD2)

Spreadsheet @ www. americanbrachytherapy.org/guidelines.html.
Ability to script (API scripting) in BrachyVision (Varian) to convert raw
doses into EQD2 (A. Faught et al, Bracytherapy, vol. 15, S1, S137-
138) A point doses

SW that calculates 3D distribution of biological doses (Velocity, MIM)

Tabie 2
Do limits v the tanget and 10 the oagans u sk

Do spositiod 1o Radiogruphs 3D imaging
Poist A 5% 5-60y Varible

B 3090 Gy EQD2
ICRU point blackder 5% =176y

ICRU poin resturs S =376y

D, bsder

Do
m DukeMedicine Lau Sl

QD2 = rormabiznd therapy dose; 30 = three dimenaionl.




Part | & Il: Summary

A Recommended reporting

The ABS recomn]

ters for intracavitary

1. The type of apf

. The prescriptio]

per fraction an
x

The dose to po|
Total referenc

(usually '*Ir).

7.24 % 10

5. Loading patien]
6. Dog, Dy g, and

ning is us

=

Dose to point A, regardless of imaging modality

Standard parameters to be reported:
D2cc for OARS
D90 and D100 (D98), V100 for HR-CTV

lions 10 the following planes:

fing the tander
bl coronal lh'mlgh point A and the
inal 5

he »urxlui sources with isodose

lateral vaginal mucosa and 0.5 cm
nal surfoce (97) DR applica-
al paints for tandem and ovoid
all along the plane of the cemer of
i should be limited 10 less than
bint A dose. Vagiast dose should also

i
included for intersGtial brachytherapy:
7. The doses to the ICRU re
or, if volume-hased dosimetry is performed. the

Dy ce and D . to the OAR and the Ds . if the
organ wall is contoured for OAR per GEC-ESTRO

Objectives

A MRI imaging in IGBT

[@ oukemedicine

MRI

A MRI: Gold Standard

residual disease)

e reporied for cylinder applications
‘and bladder points and/ to the extemal cervi
and at 0.5 cm depth

cm infesior
along the vaginal surface
s).

GEC-ESTRO/ABS Guidelines: Defined role of MRI in IGBT
MRI better suited for assessing the target (the cervix and any

[1] Potter R, Haie-Meder C, Limbergen EV, et al. Recommendations from gynaecological (GYN) GEC ESTRO working group (I):

concepts and terms in 3D image-based treatment planning in cervix cancer brachytherapyd3D dose volume parameters and aspects
of 3D image-based anatomy, radiation physics, radiobiology. Radiother Oncol 2006;78:67e77.

[2] Haie-Meder C, Puotter R, Van Limbergen E, et al. Recommendations from gynaecological (GYN) GEC-ESTRO 0 woring 9o ()

concepts and terms in 3D image based 3D treatment planning in cervix cancer brachytherapy with emphasis on

m DukeMedicine
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US-based clinics practice of IGBT for Cervicm

>

Image Guided Cervical Brachytherapy: 2014 ®
Survey of the American Brachytherapy Soclety

Wilian Swall, v, WO, and AN N, Viswasathan, MO, WPH

et f i A,
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par iy pel e
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MRI for evaluation and management m
of cervical cancer

Radiation Oncology

A practical review of magnetic resonance ®-
imaging for the evaluation and
management of cervical cancer

Emma C ekl and Bisateth Weiss

s
m DukeMedicing | xeywods
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Proposed Workflows =f (available im

MRI with BT MRI with BT
GEC-ESTRO Pre-EBRT MRI applicators in applicators in MRI with BT applicators in
“Gold standard™ examination place place ‘place for subsequent fractions
BT, MR BT, MRI

MRI with CT with BT T with BT applicatorsin

Irsmrskestass Pre-EBRT MRI applicators in MR after first place and image fusion with
kot examination place and Smit fraction MRI based on Smit sleeve
sleeve for subsequent fractions

CT with BT - Tmass
B L CT with BT applicators in
MRI pre-BT with Pre-EBRT MRI Pre-BTMRI o ol placeang image usonvith
‘mock planning examination ‘with mock plan 3 m.t;“';gf pre-BT MRI for subsequent
et fractions

h incorporation of MRl with the GEC-ESTRO "gold standard" and 2 alterative approaches for limited MRI availabiliy with MR
pre-8T with mock planning

m DukeMedicine Fields and Weiss Radiation Gncology (2016) 11:15.

2 Types m

A MR in brachy suite:
i MR guided insertions
i MR-based (adaptive) planning (MR used at each FX)
i MR-based treatment verification
A MR ouside brachy suite:
i MR-based (adaptive) planning (MR used at each FX)

m DukeMedicine

J i IGABT treatment
of advanced Cervical cancer

_ Standard Clinical Procedure

MR guided application
Needle scans,

if necessary adaptation
MR scan for treatment planning
MR scan for (position)verification
registration on applicator
Adaptive interventions

e removalof gas in rectum

change of bladder filling,

Dose recalculation after adaptation
of contours

- Reducing uncertainties in
delivering prescribed dose

Courtesy of A de Leuw, Utrech, The Netherlands
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Challenges for MR in Brachy Suite m

MR safety issues

Courtesy of A de Leuw, Utrecht, The Netherlands

Effort: Once before start‘vx:“':;‘3

Stability: Vaginal Balloon Packing

Compatible with T&R and T&O
Balloon can expand and conform

to patient anatomy and applicator
A Applicator Stability

Alatus

Pre vs. Post Plan, FX1
D90 D100 D100 cC D2cc c
Pre 640 365 320 547 230

503 370 410 250
Post 607 374 331 608 550 379 234 441 314
i 5.2 25 34 25 22 24 17 76 25.6

8/3/2016
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What to do when:

A Limited Access to MRI: Hybrid Methods

i MRI+CT
i MRI+CBCT
A NO access to MRI
i CT alone
i CBCT alone
1 US-based

MRI pre-BT with Pre-EBRT MRI Pre-BTMRI
‘mock plasaing ‘examination with mock plan

What to do when:

MRI after first
fraction

-

S
ion with pre-
BT MRI

A Limited Access to MRI: Hybrid Methods

i MRI+CT
i MRI+CBCT

CT with BT
MRI with :
- Pre.EBRT MRI aplicators in
Applicusratiect ‘examisation place and Smit
Seeve
MRI pre-BT with Pre-EBRT MRI Pre-BTMRI
‘mock plasaing ‘examiration with mockplan

CT with BT applicators in
place and image fusion with
'MRI based on Smit sleeve
for subsequent fractions

CT with BY agplicators in

placend image fuion with

‘pre BT MRI for subsequent
fractions.

Limited Access: Hybrid Methods

A Use of MRI at least at 15t FX and identify HRCTV/IRCTV

A Continue subsequent fractions with

T CT
i CBCT
A Why MRI 15t FX?

A 1s the Hybrid Flow an acceptable alternative to MRI for

each FX?

m DukeMedicine
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