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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

Survival by eachytheapy we for makched cubon
2000 and 2009, (3 survival; (by averall
survival, and (¢} non-cancer.rel

od s

Fig. 1. BrachyBerapy we rie berween 1958 snd 2009 in 1%
(2) and the ariginal § (b) SEER regiuies

g —y *Hanetal, 2013
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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

Kari Tanderup, PhD,*"" Patricia J. Eifel, mp, Catheryn M. Yashar, MD,*
Richard Pétter, MD,! and Perry W. Grigsby, MD*

EDITORIAL

*Department of Radiation Oncology, Washington University School of Medicine, St. Loufs, Missouri; 'Department of
Oncology, Aarhus University Hospital, Aarhus, Denmark; ‘Department of Radiation Oncology, The University of Texas MD
Anderson Cancer Center, Houston, mns, *Department of Radiation Oncology, University of California, San Diego, La
Jolla, California; and and Oncology, Cancer Center and Christian Doppler
Laboratery for Hedical Radiation Rasean'h for Radiation Oncolagy, Medical University of Vienna, Vienna, Austria

m DukeMedicine Tanderup et al, IROBP, March 1, 2014, Volume 88, Issue 3, Pages 537-539

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 — 25MV, shrinking of EBRT

fields to deliver 60-70 Gy in stage IlIB
-> 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 537-539

EMBRACE study https://www.embracestudy.dk/ Prospec

24 Active Centers

0 Role of MRI guided
b 2= 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.

Courtesy of C. Kirisits




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

e
\\ Image guided adaptive Brachytherapy
] \ 4
+ i \ P
WHEN THE % ol 2 "
cotowHIGH 2 N 10%
WE GO H SBRT/IMRT
H S
E ~ 15%
z
0
Pt
b 3 % % & % 2
Time from Diagnosis (months)
m | G ot o It Raiot Oncol ot Phys 01413527, Courtesy of C. Kirsits
Surdan ol

beachytherapy, submitted

IG(A)BT — key to excellent m

overall survival rates

« 3(4)D MRI guidance:

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

— 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 m

« Application insertion

« Planning

« Treatment Verification

« Applicator design

< Facilitate real-time dosimetry
« Dose summation

* For response

m DukeMedicine

Objectives m

« Establish common terminology

— HDR Intracavitary Brachytherapy

— Current guidelines — GEC-ESTRO/ABS (pre ICRU 89)
¢ MRIimaging in IGBT

— Insertion, planning, verification

— Hybrid techniques: MRI/ CT/CBCT

— Imaging for applicators design

— Role in new ICRU 89

[@ oukemedicine

Objectives m

« Establish common terminology
— HDR Intracavitary Brachytherapy

m DukeMedicine
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LDR vs. HDR m

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

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

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

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

m DukeMedicine

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

Research

Brachytherapy for cervix cancer: low-dose rate or high-dose rate
brachytherapy - a meta-analysis of clinical trials

Gustavo A Viani*1, Gustavo § Manta?, Eduardo | Stefano! and Ligia I de
Fendi®

> 2000 patients

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

HDR

Objectives m

« Establish common terminology

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

m DukeMedicine




8/3/2016

Current ABS Guidelines: 2012 m

m DukeMedicine

Part I & Il: Summary m

* (Volumetric) Imaging:

— 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

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

m DukeMedicine




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 dor
) S 22 7
even if = L= 3 :- J— -
fixed El- Ei:‘ S~
applicator # patients treatment _fractions Gmerange  imagetype  images variation
pp 1 21 HOR 4 18-20hrs. MRI B4 -0p ,‘?—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 Sl i O
6| 3 POR 2x20 1 week MRl 62 | waewon
m DukeMe 123 patients 5h -3 weeks 377 3+3
Nesvaol etal. 2013, Radicther Oncol 107 Courtesy C. Kirsts, 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
megian __SD__| mean median sp
total 09| 268% | 14 A7 13.1%
Intraaplication =37 235 -25 43 10.8
a7 | 02 04 -8 154

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

« Dose calculation and guidelines:

— 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) > 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

+ Recommended reporting

The ABS recomn]
ters for intracavitary

1. The type of apf
. The prescriptio]

per fraction an|  DOSE t0 point A, regardless of imaging modality
a limit

3. The dose to po

4. Total referenc D2cc for OARS
(asually 1) D90 and D100 (D98), V100 for HR-CTV
7.24 x 107" Gy

5. Loading patten]
6. Dyg, Dyog. and
ning is us

Standard parameters to be reported:

lions 10 the following planes:

fing the tander
M coronal through point A and the
inal sources, and

the vaginal sources with isodose

lateral vaginal mucosa and 0.5 cm
il surface (97). For LDR 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 intersital brachytherapy:

7. The doses to the ICRU re

‘and bladder points and/

or, if volume-based dosimetry is performed. the
Do e and Ds . to the OAR and the Ds «c if the

Objectives

organ wall is contoured for OAR per GEC-ESTRO

¢ MRIimaging in IGBT

[@ oukemedicine

MRI

* MRI: Gold Standard
— GEC-ESTRO/ABS Guidelines: Defined role of MRI in IGBT

— MRI better suited for assessing the target (the cervix and any
residual disease)

e reporied for cylinder applications
to the external cervi
and at 0.5 cm depth

along the vaginal surface
s).

~ [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, Potter R, Van Limbergen E, et al. Recommendations from gynaecological (GYN) GEC-ESTRO working group ()
concepts and terms in 3D image based 3D treatment planning in cervix cancer brachytherapy with emphasis on MR

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,
AT A Y

par iy pel e
ety ttiptit

-s¥s5sE8382E

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

8/3/2016
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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

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

8/3/2016
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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
- 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: m

« Limited Access to MRI: Hybrid Methods
- MRI+CT
— MRI+CBCT
« NO access to MRI
— CT alone
— CBCT alone
— US-based

e i LN PNt
: - Pre.EBRT MRI icators MRI after - ion wit
spplicatoratier 1 Shathi plasesnd St fraction PAAR based on Smit sieeve
sleeve for subsequent fractions

PR CT with BT applicators in

MRIpre BT with Pre-EBRT MRI Pre-BTMRI ey place and image fusion with

o A gty pacewd iouge LR lorseqent

BTMRI .

What to do when: m

« Limited Access to MRI: Hybrid Methods
- MRI+CT
— MRI + CBCT

S CT with BT T with B applicators n

. £BRT jcators i MRI afer first . ion i
L Pre.EBRT MRI spglicators i MRI afer £ place and image fusion with
o Sppad ‘examination place and Smit fraction 'MRI based on Smit sleeve

Seeve for subsequent fractions

CT with BT
CT with BT spplicators in
MRIpre-BTwith Pre-EBRTMRI PreBTMRE S plcend image foion v
‘metxplasaing exsminaion with mockplan paceend image Dre-BT MRI for subsequent
s fractions.

Limited Access: Hybrid Methods m

* Use of MRI at least at 1t FX and identify HRCTV/IRCTV

« Continue subsequent fractions with
- CT
- CBCT

¢ Why MRI 1st FX?

* |s the Hybrid Flow an acceptable alternative to MRI for
each FX?

m DukeMedicine

13



Time of diagno: After 2nd week of EBRT

Tumour
regression

Dimopoulos et al. Radiother
& Oncol Suppl 2004

m DukeMedicine

Duke: Role of MRI for each fraction m

jon2 " Pationt s Fraction 3
Figure 3, MR based HRCTV contours for pa

o Al
Pationt 1 Fraction s Patient | Fattion s
TV contours for patient

T showing the HRCTV.

8/3/2016

™
tion HRCTV and spare normal tssses.

* The HRCTV volumes displayed variability between fractions (median 47%
@planning, 33%), and resulted in variability in the plans developed to meet GEC-
ESTRO dose goals.

* Use MRI for each FX

m DukeMedicine 3. Chino et al. Brachytherapy, 2012, S107.

Why at least 1 MRI? For HR CTV delineation

cumicat Corvia

COMPUTED TOMOGRAFHY VERSUS MAGNETIC RESONANCE IMAGING.
BASKD CONTOURING IN CERVICAL CANCER BRACHY THERAPY
RESULTS OF A PROSPECTIVE TRIAL AND PRELIMINARY GUIDELINES

R STANDARDIZED CONTOLRS

Axua N. Vi

s 1

14



Advanced MRI-based HDR Planning

3D image guided procedure

Brachy Suite
+-US

FReconstructon of apphcator

30 dose panning I

Dose Summation: EBRT + BT

23
FJA.E\ TER exchyterapy 13 (2018) 4044

Gynecologic Oncology
Hybrid (CT/MRI based) vs. MRI only based image-guided brachytherapy
in ccrvical cancer: Dosimclry comparisons and clinical outcome

i o, UK
:»wd.m Pl B, & b’ e of s o' eyl Lous, UK
Oeparvens of R S Nume's st of ool D'’ Uity Houp, Lov,

FURPOSE: Limited ssces 1 MRI has resticied inplesmescaion of MRS based image 7
brachytherapy (IGBT) in line wih GEC-ESTRO guideline. in masy centes. This work repeets

I appecach (17 wibin EMBRACE stdy). Trestmest consste of
48 Gy in 24 fecsionsof confurmally plansed cxtermal beam rSorherspy with weekly cplasa -
An

Fracton 1. MRI caly or CT s used for subequent fractions. Using image regiszaticn tectmiques.
20 e aceumpricn that the HR CTV s fxd wish espect 10 e applicator, e HR CTY froes MBI
. Fracton | is vufermed o wbioascat fraction CT mase s for the trid woroich.

5. Choong et ./ Brachytherapy 15 (2016) 46—¢5 as
Table 3
Dosimesric data (mean = | SID) and I toxicity incidences ascording (o image-guided technigue compared with Viena (3)
EMRI Eyorid p-Values
Fatien 77 )
[ 47 (2571
HRCTV fem’) 2
Da (EQD2) (Gapio) 0730
Vien (%)
Bladder D (EQD) (Giz) 0002
D (EQD) (Giyan) 0858
(EQD2) ) 0006
e (EQD2) (Gyans) 0214
Rectum, a (%) 10 1en
Small bawel, n (5) 167 42)
Bladder n (%) ) 360
HRCTV FMRI= D2=

effects rommal fissie sk forcesahieetie: abiecfive, manawent Amlvtic

Modified after

RESULTS: Median follow-up was 41 months (range, 23—71 months). Excellent 3-year local con-
trol, overall progression-free survival, and overall survival of 92.6%, 78.8%, and 77.7% were seen
‘with the hybrid approach and 92.2%, 66.3%, and 69.6% with a 3-fraction conformal MRI approach,

rtespectively. Dosimetry achieved and late toxicity rates were comparable in the two groups.

CONCLUSIONS: Hybrid IGBT in locally advanced cervical cancer offers an alternative approach
‘when access to MRI restricts implementation of IGBT. © 2016 American Brachytherapy Society.

Published by Elsevier Inc. All rights reserved.

8/3/2016
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Advantages of a CBCT in Brachy Suim

Intra-operative imaging

Large mechanical clearance (scan in stirrups, make adjustments)
Can be easily combined with other imaging modalities

Minimize applicator/needles motion

Ability to image and verify before treatment

Can scan, plan and treat under anesthesia

m DukeMedicine

How to set meaningful clinical rows?m

m DukeMedicine

Understand CBCT limitations

Initially compare CBCT contours for OARs with other
imaging modalities (CT, MRI)

Compare dose metrics (D,,,%) for OARs between planning
image and pre-TX image

— CBCT volumes vs. CBCT volumes

— MRI volumes vs. CBCT volumes

> 75 fractions analyzed

Craciunescu et al, Brachytherapy 2016, 135

8/3/2016
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2) Different cont MRI and pre-TX CBC“

Bladder D,.? (Yellow) = -50%

Rectum D,,,? (Brown)

Sigmoid Dye® (Blue) = 0%
3 (Pink

Actual changes in contours
m DukeMedicine

What have we learned? m

« Anatomical variations in OAR between planning and Pre-TX (3-4 hrs.
later) can be large so imaging before TX is recommended

« Pre treatment kV-CBCTs can be used as a check of the applicator
positioning

« Potential large variations between MRI and CBCT planning contours
— Attention for when CBCT is used alone

« In some cases, the kV-CBCT can identify a true change in anatomy that
might confer more realistic dose metrics for dose summation purposes.

m DukeMedicine

8/3/2016

17



Objectives m

* MRl imaging in IGBT

— Imaging for applicators design

m DukeMedicine

What has access to MRI given us?
111B, 8 cm width, insufficient response (11/99)

no adaptation of application technique

« Ability to clearly
identify the target

intracavitary approach only

Optimization with Diagnosis -
Tandem/ring * Realization that
only existent applicators
HRCTV are not optimal to
D90: 69 Gy cover the extent of
the disease
(intracavitary

Brachytherapy
1 approach only)

Courtesy C. Kirsits, Vienna,

What has access to MRI given us? m

« GTVs->CTV

« Ambitious planning
aims and dose—
volume constraints

« New IC/IS
techniques

m DukeMedicine

Courtesy C. Kirsits, ICRU 89

8/3/2016
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Vienna-style // Elekta and Varian m

€ s for Vi tyle Ring Applic

m DukeMedicine

fr

Utrecht-style // Elekta m

m DukeMedicine

« IC/IS approach
* Hybrid between
ring and ovoids

8/3/2016

19



Free-hand Interstitial Needles

dummy source wire

m DukeMedicine Olsen, Craciunescu et al., underreview, 2016

p=0001

=000

L =
el

8/3/2016

FNG FING) FING_FING) FING_FING) NG FING) FING FING

BladderD2cc  RectalDzcc  SigmodD2cc. BowelD2cc  Vagia D2cc
Intracavitary and custom bent free-
hand interstitial needles is associated
with reduced dose to the rectum,
bladder and vagina.

Olsen, Craciunescu et al, under review, 2016

3D printed applicators

—
Individualised 3D printed vaginal tempiate foe MRI guided [
brachytherapy in locally advanced cervical cancer

acoh Qs Listgaar ", Mibe s Misses, Anders Tabers, B Mekior
Soven Ky Nissen, Kat Tindenup. Harla Spefeeg. Lars Uik Fostl e NaTeving

Courtesy - J. Lindegaard, Aarhus & Lindegand et al Radiother Oncol 2016 in press

20



EMBRACE Il interventions m

* Dose prescription (EBRT+BT):
— Dose escalation in large tumours (HR-CTV vol > 40 cm3)
— Dose de-escalation in small tumours (HR-CTV vol < 20 cm3)

— OAR dose de-escalation as appropriate
— Vaginal dose de-escalation in small and limited size tumors

+ EBRT:
— Application of IMRT + IGRT with reduced PTV margins (5 mm)

— Application of risk adapted EBRT target volume
— Focussed lymph node boosting

m DukeMedicine Courtesy C. Kirisits

EMBRACE Il dose prescription m

Dose de- 769 pts EMBRACE
L % | escalation

<

e

g, HR CTV D90

g 85-95Gy EQD2

g .

. * | Dose escalation:
application of IC/IS
wl— v - - 'y % " Tanderup, unpublished

m Dulk HR CTV volume (cm3) Courtesy C. Kirisits
Objectives m

« MRIimaging in IGBT

— Role in new ICRU 89

m DukeMedicine

8/3/2016

21



IC R U 89 hllps://wwvv.aapm.org/pubS/ICRU/detaiI.asp?docidm

Journal of the ICRU

Started in 2009 under the guidance
of Potter and Kirisits

oo _aze Q@B

m DukeMedicine

Reporting m

Concepts and terminology for
prescribing
recording and reporting

In a level concept:

+Level 1 - Minimum standard for reporting
+Level 2 - Advanced standard for reporting
+Level 3 - Research oriented reporting

m DukeMedicine

Courtesy C. Kiisits

Need for common terminology according to ICRL Need for common terminology according to ICRU

reports on proton treatment and IMRT reports on proton treatment and IMRT
* Planning aim dose Example:
=+ Set of dose and dose/volume constraints for a treatment Previously: 4x7-Gy-~ 84 Gy-EQD2 Hed; B 3Gy
* Prescribed dose Planning aim was to deliver 4 x 7 Gy ~ 84 Gy, Dy, for rectum,
+ Finally accepted dtobe delivered  SIBMOId < 70 Gy EQD2, biadder < 90 Gy EQD2

to an individual patient)
Prescribed dose was mean 93 Gy £ 13 Gy (150) EQD2 to Dy, HR CTV
* Delivered dose

- Actually defivered dose to the individual patient Delivered dase 7 D varlatians and.

8/3/2016

Chagasr 8 average no systematic deviation from prescribed dose

m DukeMedicine

Courtesy C. Kirisits
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Vaginal reference points

+ 53(32:109) Gy (mid vagina)
41 (4-81) Gy
5(151)Gy  (introitus)

m DukeMedicine

Conclusions: Role of Imaging in Modm

Brachytherapy

« Unprecedented target visualization (MRI)
— New guidelines for gynecological brachytherapy (ICRU 89)
« Traget delineation
+ Dose-volume metrics
— New applicator design

« Design of new studies (Embrace 1)
* Treatment response and prognosis via functional imaging

m DukeMedicine

Thank you!

m DukeMedicine

8/3/2016
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EMBRACE Il - dose prescription protocol m

D90  |D98 D98 GTV|D98  |Point A
CTVr  |CTV,p  |EQD2,, [CTV,;  |EQD24,

EQD2,, |EQD2,, EQD2,,
Planning [>90Gy |>75Gy |>95Gy |>60Gy |>65Gy
Aims <95 Gy

Limits for |>85Gy |- >90 Gy |- =
Prescribed

Dose

[ ]
m DukelMedicine Courtesy C. Kirisits

EMBRACE Il - dose prescription protocol m

Bladder |Rectum Recto- Sigmoid/
Dy Dyerme vaginal Bowel D,
EQD2, EQD2, point EQD2,
EQD2,4

Planning <80Gy |<65Gy <65 Gy <70 Gy*

Aims

Limits for [<90Gy |<75Gy <75Gy <75 Gy*

Prescribed

Dose

*for the these dose are valid in case of non-

mobile bowel loops reslting in the situation that the most exposed volume is

located at a similar part of the organ
m DukeMedicine
Courtesy C. Kirisits

rsen’, Lisheth Rahl

From point A to the sculpted pear: MR image guidance significantly improves
tumour dase and sparing of argans at risk in of cervical cancer
& Kari Tanderup®. Seren Kynde Nieisen tina Myvang®, Frik Morre I
jegaard*

Torben Aagaard . Lars Fokdal®, Jacob Christian Lind

|Mndian volume =32 cm® 75 patients |

HR-CTV D90 standarc

0 10 2 % 4 0 @ ™ B % 100 10
® Violation of OAR constraint Velume HR CTV, cm® Courtesy C. Kirisits
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From point A to the sculpted pear: MR image guidance significantly improves
tumour dose and sparing of organs at risk in brachytherapy of cervical cancer

Kari Tanderup®~, Soren Kynde Nielsen®, Gitte-Bettina Nyvang*, Erik Morre Pedersen*. Lisbeth Rehl
Torben Aagaard ", Lars Fokdal*. Jacob Christian Lindegaard*

[Median volume =32 cm® 75 patients |

HR-CTV D90 optimized

%0
a0
70
60
50

0 10 20 30 4 S 60 70 8 %0 100 110

@ Application of needles volume HR CTV, cm® Courtesy C. Kirisits

sagcavion

Dose per fraction BT

HR-CTV:

D90= 5.2Gy V100=
GTV:

D90= 12Gy i

[ cuxesiandasd without needles T ey o kit

[T

sagavien

dles

Courtesy C. Kirisits
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m DukeMedicine £ nesdiloaded .
Courtesy C. Kirisits
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DukeMedicine L onced
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prscrbed dose o poin A (1gh)

optmized plan:
DukelMedicine S noedis onded

Courtesy C. Kirisits

Objectives m

¢ MRIimaging in IGBT

— Functional imaging for response assessment

m DukeMedicine

FULL TEXT ARTIGLE
Diffusion MR ]maging{or Monitoring of
reatment Response N\ #

m DukeMedicine
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Tk 2 e Diffusion-weighted MRI in cervical cancer
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Table2 R2* valuc oftumours and normmal myometriun, and the size and

B OL D Im ag | ng olume of tumours at preT and posiTx

8/3/2016

PreTx PostTx
Blood oxygenation Izveldependenl MR imaging as a predictor

of therapeutic response to concurrent chemoradiotherapy Tumour R2* 2114670187235 94486 (162-427)
in cervical cancer: prulmlnuyupu-lenu Normal myometriun 249437 (35-263) 241428 (230-252)
R2*

ComreiOn- By e e By 0 Tumour volume (cm”) 5214397 (373-669) 20436 (07-33)

Wau Park-Soum.

Tumousizem)  S6:16(50°62)  16£12(12-20)
L 1 D ) ot 33 4 At 3303 04 Tt i 2 Data are the mean & standand deviation (95 % confidence interval)
PastT treatment
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MS-MRI: Improve visualization
of target, OARs, applicators

JOURNAL OF APPLIED CUNICAL MEDICAL PHYSICS, VOLUME 17, NUMBER 1, 2016

Clinical implementation of multisequence MRI-based
adaptive intracavitary brachytherapy for cervix cancer
Jacqueline E. Zoberi.* Jose Garcia-Ramirez. Yanle Hu, Baczhou S
Carol G, Berteisman. Paws! Dyk Julle K. Sctwarz, and Perry W. arlgsby
gt i Omcology, Wiashmgtan Unrversity School of Mechcame. St. Lovws
MO US4
frobersradons vautl e

€, Troatment pianning

images. and ADC maps were transferred to a radiation therapy treatmen
|\[\lmmz\\\1rm'Bl\h Vision TPS. Vanian Medical Systems, Inc.. Palo Alto, CA) for cor
ing nd isodose plming. Becuse e images were quited i thesane magingsesion he

datasets upou import into the TPS were automatically registered ba e«lunrhunlul ame of
reference th i
wmunl.mtummo{om  rectumt, and sigmoid), okt A it

b
ihe sypicatot wing e clssicaldeinitonon the T2 imiges © Thé eltestoa

e O et s the primary cervical gross nunor volime, was generally carried
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GTV contouring- T2W and ADC map m

125 Zoberi ot al: MRi-based adsptive intracavitary beachytherapy 128

Journal of Applled Clinical Medical Physics, Vol 17, No. 1, 2016

Applicator Identification-PDW-MRI -.q
Journal of Applied Clinical Medical Physics, Vol. 17, No. 1, 2016

ated by the arrow
R B

Multisequence MRI
technique: 1) improved
visualization of the target
volume, critical structures,
and applicator.

2) implementation of the
dose tracking tools and
dose adaptation technique
by simply de-escalating
Point A-based
brachytherapy dose
distributions will help
balance target volume
coverage with OAR
sparing, without the need
for more complex
adaptation schemes.
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MS-MRI: For TX response
assessment using texture features

. e et o <0 i b S0 b= D,
DR sy 2 st =D == A

m DukeMedicine

before

fxof HOR / | bafore 5 fx of HOR / | bafore 5% fx of HOR |
bafors EBRT before 1 fx of HOR batore EBAT

Ralative Relative Relati
change | PYANE | change | Pvalue | pince | pvalue

D70 0002 |08 MI| ORI (D701 0002°

\/;_A RNy \-;\/

Brachytherapy, Vol. 15, S81-582
Yibo Xie, MS Thesis, Duke University 2016
Slides courtesy of Z Chang, Duke.

MS-MRI: For TX response assessment using textureffe

' Bafces EBRT truanment

B Before fest WOR treatmat

Sigrificanty changed tasture features of ADC mags

m DukeMedicine

 For ADC maps calculated from DWI-MRI

4 After EBRT treatment, 28 out of 33 HR-CTV features
significantly changed

4 After HDR treatment (before Sth fi of HDR / before
15t fi of HOR), same 28 out of 33 HR-CTV features
significantly changed

4 For the whole treatment process, same 28 out of 33
HR-CTV features significantly changed

OTexture features with significantly numerical
changes can be used in menitoring
radiotherapy effect in gynecological cancer

OTexture features might be used as blomarkers
wihich are supplementaryto ADC far
assessment of radiatherapy responsein
gynecalogical cancer.

Brachytherapy, Vol. 15, S81-S82

Yibo Xie, MS Thesis, Duke University 2016
Siides courtesy of Z Chang, Duke
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