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Image-guided cervix radiotherapy — with a

special focus on adaptive brachytherapy

In the ESTRO school for more than 10 years:
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In total ~ 2000 participants
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3D Image based brachytherapy

Planning and application
0
@

o n¥ycle

Potter et al., Acta Oncologica 2008




Advanced image guided EBRT

® Target concepts

® Techniques:
= IMRT




Contents of the course

Anatomy, staging, imaging

Target concepts and treatment planning for EBRT and BT
Techniques for brachytherapy

Dose reporting including equi-effective dose concept
Evidence for chemoradiotherapy

Outcome: disease and morbidity

Workshops
= EBRT and brachytherapy contouring (physicians)
= EBRT ad brachytherapy treatment planning (physicists)
= Case discussion (physicians)

Interactive sessions

Treatment planning demonstration
Dose reporting

Tips and tricks for implementation
What have you learned: MCQs
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About Retro-Embrace | Contacts | Login

Web-based database with a retrospective multicentre
collection of data on 3D RT plus IGABT in cervical cancer

- 780 pts

- Eligibility criteria:
- Diagnosis of cervical cancer and treatment with curative
intent by IGABT

* Reporting according to GEC ESTRO recommendations

VARTAN CJElekta



An intErnational study
on MEI-guided BRachytherapy
in locally Adwvance d CErvica l cancer

About Embrace | Contacts | Participation | Login

® EMBRACE - International study on MRI-based 3D
brachytherapy in locally advanced cervical cancer

® A prospective observational multi-centre trial

® Enrollment of patients 2008-2015, 1416 pts accrued

VARTAN CYElekta



Participation | Login

EBRT Chemotherapy Brachy

week1 week2 week3 weekd weekd week6 week7

week1 week2 week3 weekd week5 week6 week7

An intErnational study
on MEI-guided BRachytherapy
in locally Advanced CErwical cancer

R N -
AL O

week1 week2 week3d weekd week5 week6

+ Para-aortic
-

Large pelvis
" 4

Small pelvis |

j

g

Nodal CTV-E based on Risk Group

< 4
-

150% e
00 Y.
il
Ml B2
<
o leradder &
= Y o
A < Y
b i
“60 Gy r
Dyg >

MRI guided adaptive brachytherapy (IGABT)

TV, PTV:45 -
LY FcTvE 'Inmal
c O SGTVT
LR CTV-T,
y Initial|
RCTV-T
v y
3 —.
fnt e
= S \
Sigmoid\_!
= 61
< 70Gy)
. Rectum
e — GIGV
(< 65Gy)
7| intiat GV,
W
4
-
G’
AL}
t‘
¥

leTve |

77 Ammaicrv (61,

[ cTvie)

Residual GTV-T, Adaptive HR CTV-T, IR CTV-T

10




Who are you?

® 101 participants from 30 countries

Radiation
oncologist

Physicist

Biologist

Technologist

Other

0% 10% 20% 30% 400 50% G0%% TO% B0% 0% 100%



How Is external beam pelvic radiotherapy

typically delivered?

IMRT/VMAT ftomot
herapy

Other

0%  10% 20% 30% A40% 50% G0% TO% 0% 0% 100%



How do you perform image guidance for

EBRT?

Daily imaging
and daily co...

Correction
protocol bas...

Imaging only
at first...

Other

0% 10% 20% J0% 40% 50% 60% T0% 80% 90% 100%



To which point/volume do you prescribe

brachytherapy dose?

Point &

HR-CTV

IR-CTV

Other (please
specify)

0% 10% 20% 30% 400 50% G0%% TO% B0% 0% 100%



Which imaging do you perform with

applicator in place?

X-ray

C-arm CBCT

MRl

Mone

0% 10% 0% 30% A40% BO% B0% TO% B0 80% 100%



Evolution over time — ESTRO gyn course

: : : Dose prescription
MRI with applicator in place
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Support by industry

()Elekta

VARTAN

medical systems

- [ ]
® fckert & Ziegler
Contributing to saving lives



Organisation

® Local Organisor:

- Hana Stankusova, Radiation Oncoloqgist, University
Hospital Motol (CZ)

® ESTRO coordinator:

- Melissa Vanderijst, Project Manager, ESTRO office, Brussels

® Above all:

- The enthusiastic teaching staff
- The enthusiastic participants




@ ESTRO
V" School

Anatomical considerations
Role of clinical gynaecologica
examination
Staging

BERE R
L1l

Christine Haie-Meder
Brachytherapy Unit
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Suyas/ # ESTRO

wawes A\  CEIrVIX cancer . generalities School

e Curable disease

Local Control Survival
A : 95-100% A : 95-100%
IB1 : 90-95% IB1: 85-90%
IB2 : 60-80% IB2 : 60-70%
IIA : 80-85% A : 75%
IIB : 60-80% IB : 60—65%
1A : 60% A : 25-50%
111B : 50-60% 1B : 25-50%
IVA : 30% IVA : 15-30%

IVB : <10%



GUSTAVE/ a” ESTRO
ROUSSY- Anatomical considerations “ ®, 5ol

Uterus

Anatomie sexuelle de la femme, vue de profil

Configuration interne de I'utérus (coupe frontale)

Hollow muscle

weight : 50 g (nulliparous)
70 g (multiparous)



GUSTAVE/ #® ESTRO
ROUSSY™ Anatomical considerations “ * School

Uterus Supravaginal part
Bladder and rectum faces covered with peritoneum

Vaginal part
Separated from the vagina
by vaginal fornices




GUSTAVE/ ESTRO
ROUSSY- Anatomical considerations . School

GRAND PARIS

Uterus

Vascularization : uterine artery
arising from internal iliac artery
I F
3 segments : parietal, parametrial and
mesometrial . A
Parametrial segment is anteriorly crossed 1\
by the ureter
Located 20 mm laterally from the |sthmus
+/- 15 mm from the vaginal fornix
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GRAND PARIS

Uterus

Point A
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CANCER CAMPUS /
GRAND PARIS

Uterus
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Uterus Parametrial limits

Dimopoulous et al IJROBP 64(5):1380-1388, 2006



GUSTAVE/ | . . ESTRO
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GRAND PARIS

Classification of radical hysterectomy
Lancet Oncol 2008; 9: 207-303

Denis Quereu, C Paul Morrow

" Medial® Lateral

part. " Pas

Paracervix

Figure 1

_; ransverse section of pelvis -



GUSTAVE/ | | | _# ESTRO
ROUSSY- Anatomical considerations ““ % School

Classification of radical hysterectomy
Lancet Oncol 2008; 9: 207-303

Denis Quereu, C Paul Morrow

Figure 4

Type A radical hysterectomy

- Same anatomical preparation as shown in figure 1 . Border shows area of resection. -
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Classification of radical hysterectomy
Lancet Oncol 2008; 9: 207-303

Denis Quereu, C Paul Morrow

Figure 5

Type B1 radical hysterectomy
Same anatomical preparation as shown in figure 1 . Border shows area of resection.

Figure 6

Type C2 radical hysterectomy
Same anatomical preparation as shown in figure 1 . Border shows area of resection.
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Lymphatic drainage
Uterus

1) Anterior trunk
Ext. iliac

2) Lateral trunk
Parametrial
Obturator
Int. iliac

3) Posterior trunk
Presacral
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Uterus

Lymphatic drainage
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GUSTAVE/ | ESTRO
ROUSSY- Lymph node involvement ' School

CANCER CAMPUS /
GRAND PARIS

Percentage involvement of draining lymph nodes
I In untreated patients with cervical cancer

Distant
metastases:

R Henriksen E. The lymphatic spread of
carcinoma of the cervix and of the body of the
uterus; a study of 420 necropsies
Am J Obstet Gynecol 1949;58:924-942

Aortic: 27%4

Sacral: 23%

Paracervical: 31%

Percentage increase of pelvic and paraaortic
node metastasis by clinical stage

&, External iliac: 27%

Obturator: 27%—% Parametrium: 77%
Clinical Stage Positive Pelvic Nodes Positive Periaortic Nodes
Wé) Inguinal: 8%
! 15.4 6.3
II 28.6 16.5
111 47.0 8.6




g%ﬂg\éel - ESTRO

wmaen 7\ ROIE Of Clinical examination®™ ¥\ School
e Staging

e Accurate tumor characteristics

e General condition and fithess for radical treatment
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GUSTAVE/ @ ESTRO
A Clinical examination P School
W Tumor measurement

I3 Tumor extension:
vagina (vaginal impression)
parametrium (rectal examination)




WIS, staging A 551R0
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2 main classifications

e International Federation of Gynecology and Obstetrics :
FIGO (last revision 2009)

e International Union against Cancer (UICC) : TNM
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Seminars in Diagnostic Pathology (2012) 29, 167-173
, Seminars in

Diagnostic
Pathology

ELSEVIER

Issues and inconsistencies in the revised gynecologic
staging systems

Lisa Cole, MD, Mark H. Stoler, MD

From the Robert E. Fechner Laboratory of Surgical Pathology, Department of Pathology, University of Virginia Health
Svstem, Charlottesville, Virginia.



GUSTAVE/

ROUSSY - Vulva = the only gynecologic site detailing pattern
aemewess [\ of nodal involvement, leading to very complex, heterogeneo

Rchool

PN/FIGO lll staging categories

Table 1  5taging for vulvar carcinoma

TNM category FIGO stage

Primary tumor (T)

TX
TO
Tis*
Tla IA
Tib IB
T2 II
138 IVA

TNM category FIGD stage
WX

NO
N1
N1a ITIA
N1ib ITIA
N2 ITIB
N2a ITIB
Nzb IIIB
N2c IIC
N3 IVA

Primary tumor cannot be assessed

No evidence of primary tumaor

Carcimoma in situ (preinvasive carcinoma)

Lesions =2 cm in size, confined to the vulva or perineum and with stromal invasion =1.0 mmt
Lesions =2 cm in size or any size with stromal invasion =1.0 mm, confined to the vulva or

perineum
Tumor of any size with extension to adjacent perineal structures (lower/distal one-third of the

urethra, lower/distal one-third of the vagina, anal involvement)

Tumor of any size with extension to any of the following: upper/proximal two-thirds of the
urethra, upper/proximal two-thirds of the vagina, bladder mucosa, rectal mucosa, or fixed to
pelvic bone

Regional lymph nodes (N)

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

One or 2 regional lymph node with the following features:

® One or 2 lymph node metastasis each 5 mm or less

® One lymph node metastasis 5 mm or greater

Regional lymph node metastasis with the following features:

® Three or more lymph node metastases each less than 5 mm

#® Two or more lymph node metastases 5 mm or greater

® Lymph node metastases with extracapsular spread

Fixed or ulcerated regional lymph node metastases

*FIG0 staging no longer includes stage O (Tis).

1The depth of invasion is defined as the measurement of the tumor from the epithelial-stromal junction of the adjacent most superficial dermal

papilla to the deepest point of invasion.

FFIG0 uses the classification T2/T3. This is defined as TZ in THM.
SFIG0 uses the classification T4, This is defined as T3 in THM.

® ESTRO
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® ESTRO

Cervix cancer School

Table 3 Staging for cervix carcinoma

TNM category FIGD stage Primary tumor (T)
TX Primary tumor cannot be assessed
To Mo evidence of primary tumor
Tis* Carcinoma in situ (preinvasive carcinoma)
T1 I Cendcal carcinoma confined to uterus [Exl:ensmn to corpus should be |:I15regarded]|
Tlat IA ® Invasive carcinoma diagnosed only by microscopy. Stromal invasion with a maximum depth of
5.0 mm measured from the base of the epithelium and a horzontal spread of 7.0 mm or less.
Vascular space involvement, venous or lymphatic, does not affect classification
T1al IA1 @ Measured stromal invasion 3.0 mm or less in depth and 7.0 mm or less in horizontal spread
T1az IAZ #® Measured stromal invasion more than 3.0 mm and not more than 5.0 mm with a horizontal
spread 7.0 mm or less
Tib IB # (limically visible lesion confined to the cervix or microscopic lesion greater than T1a,/TIA2
12 II Cervical carcinoma invades beyond uterus but not to pelvic wall or to lower third of vagina
T2a ITA #® Tumor without parametral invasion
T2al ITA1 ® (linically visible lesion 4.0 cm or less in greatest dimension
T2az2 ITAZ ® (linically visible lesion more than 4.0 cm in greatest dimension
T2b IIB #® Tumor with parametrial invasion
13 I11 Tumor extends to pelvic wall and/or causes hydronephrosis or nonfunctioning kidney
T3a IITA ® Tumaor involves lower third of vagina, no extension to pebvic wall
T3b 118 ® Tumaor extends to pelvic wall and/or causes hydronephrosis or nonfunctioning kidney
T4 IVA Tumor invades mucosa of bladder or rectum, and/or extends beyond true pelvis (bullous edema is

not sufficient to classify a tumor as T4)

*FIGD staging no longer includes stage (Tis).
tAll macroscopically visible lesions— even with superficial invasion—are T1b/IB.
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e The most commonly used is FIGO classification
e Based on clinical examination
e Integration of MRI data




sustave/ HOw would you stage the tumor with

il FIGO classification?

Periaortic

mo o w»

IB2
1IB
A2
IVA
VB



esusTAvE/ How would you stage the tumor with

loed el FIGO classification?

/ \ A. IB2
V , B IIB

4 c A2

y  D. A

E. 1B




GUSTAVE/ e
ROUSSY™ FIGO staging / TNM cIaSS|f|caf|on

HEgIﬂI’IEl Ly'mph Nodes (N) ANATOMIC STAGE/PROGNOSTIC GROUPS

THM  FIGO (FIGO 2008)
CATEGORIES STAGES L StagE‘ ﬂ* m MD
NX Regional lymph nodes Stage | NO m
cannot be assesced P s -
No No regional lymph Stage A Mo o
node metastasis | StagelA2 No Mo
N1 1118 Regional lymph StagelB NN NO Mo
node metastasis Stage IB1 L
Stage IB2 NO MO
Distant Metastasls (W oxis B 0 o
CATEGORIES  STAGES Stagg I MO MO
Mo No distant metastasis Stage lIA2 o Mo
M1 Ive Distant metastasis Stage IIB NO MO
(including peritoneal  Stagelll N0 Mo
spread, involvement | StagelllA  BEISERES NO Mo
of supraclavicular, Stage llIB AnyN MO
mediastinal, or paraaortic N1 MO
lymph nodes, lung,  Stage VA AN MO
liver, or bone) Stage VB AngN M
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TABLE 2. MRI Staging

St MR Staging
Stage 0 Mot visible
Stapel
LAl Mo tumor visthle
B2 5mall enhancmg tumor may be seen
[} Turnor visible, mtact stromal nng
surmmding fumor
Stape Il
A Dhsruption of low-signal-ntensity vagmal wall
{upper two thinds)
1123 Complete disruption of stromal ring with wumor
extending mto the parmametnum
Stape 11
A Invasion of lower one third of vagina
B Extension to pelvic muscles or dilated uneter
Stapge [V
VA Loss of low signal mtensity 1n bladder or
rectal wall
vB Loss of low signal mtensity 1n bladder or

mectal wall
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Clinical examination versus magnetic resonance imaging

in the pretreatment staging of cervical carcinoma: systematic
review and meta-analysis

Maarten G. Thomeer « Cees Gerestein - Sandra Spronk -
Helena C. van Doorn - Els van der Ham - Myriam G Hunink

« 3,254 patients included
* Pooled sensitivity for the evaluation of parametrial invasion:
* 40 % (95 % CI 25-58) with clinical examination
* 84 % (95 % CI 76-90) with MR
* Pooled sensitivity for the evaluation of advanced disease:
* 53 % (95 % CI 41-66) with clinical examination
* 79 % (95 % CI 64—-89) with MR
* Pooled specificities were comparable between clinical examination and MRI
 Different technical aspects of MRI influenced the summary results

Eur Radiol 23:2005-18;2013
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Clinical examination versus magnetic resonance imaging
in the pretreatment staging of cervical carcinoma: systematic
review and meta-analysis

Maarten G. Thomeer « Cees Gerestein - Sandra Spronk -
Helena C. van Doorn - Els van der Ham - Myriam G Hunink

Key Points :

* MRI has a higher sensitivity than clinical examination for staging cervical
carcinoma

» Clinical examination and MRI have comparably high specificity for staging
cervical carcinoma

 Quality of clinical examination studies was lower than that of MRI studies

» The use of newer MRI techniques positively influences the summary results
» Anaesthesia during clinical examination positively influences the summary
results

Eur Radiol 23:2005-18;2013
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Conclusion

» Importance of clinical examination
* Lymphatic drainage

« Staging system knowledge

* Cervix cancer . TNM classification
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ESTRO TEACHING COURSE
BRACHYTHERAPY IN
GYNAECOLOGIC MALIGNANCIES

3D image-based Normal Anatomy: UTERUS,

PARAMETRIA, ORGANS AT RISK AND NODES (US,
CT and MRI)

Dr Petrow — Department of Diagnhostic Radiology
Institut Curie — Paris / France

QD

8 - GEC - ESTRO WS Prague Czech Republic October 2017 institutCurie



d anatomy: US,CT and MRI

Course’s planning:
US, CT and MRI Radioanatomy:

e Uterus (corpus uteri and cervix)

e Ovary

e Vagina

e Rectum, bladder

e MR radioanatomy of the parametrium
e MR radioanatomy in brachytherapy

8 - GEC - ESTRO WS Prague Czech Republic October 2017




CONVENTIONAL RADIOGRAPHY (CR):
UTERUS,VAGINA AND OVARY
HYSTEROGRAPHY

UTERUS

BLADDER

OVARIES ?

CERVIX UTERI 7?7

8 - GEC - ESTRO WS Prague Czech Republic October 2017




ed anatomy: CR

CONVENTIONAL RADIOGRAPHY (CR):
UTERUS,VAGINA AND OVARY
HYSTEROGRAPHY:

- Intracervical injection of CM

- Progressive injection of CM under
pressure to obtain opacification of both
tubae and the adjacent peritoneum

8 - GEC - ESTRO WS Prague Czech Republic October 2017
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anatomy:

8 - GEC - ESTRO WS Prague Czech Republic October 2017 institut




ed anatomy: CT, US and MRI

Uterus - US:
Endometrium
e 3 phases:
1st phase :
m thin
m hyperechoic
m <=5 mm thickness
Periovulatory phase
2nd phase :
m thick
B <=10 mm

8 - GEC - ESTRO WS Prague Czech Republic October 2017 institut




ed anatomy: CT, US and MR

Uterus — endovaginal
ultrasound:

Endometrium
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8 - GEC - ESTRO WS Prague Czech Republic October 2017 institut




ased anatomy: CT, US and MR

Uterus - CT:

Endometrium
e hypointense

e Indistinguishable from myometrium
on unenhanced CT scan

8 - GEC - ESTRO WS Prague Czech Republic October 2017 institut
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ed anatomy

- CT, US and MR

Uterus - MR:
Endometrium

e High-signal intensity on T 2-
weighted MR scans

e Indistinguishable from liquid in
uterine cavity

e Enhancement variable

8 - GEC - ESTRO WS Prague Czech Republic October 2017




sed anatomy: CT, US and MRI

Uterus - US:

Myometrium
e hypoechoic

e Can be the localisation of fibroids
and adenomyosis

8 - GEC - ESTRO WS Prague Czech Republic October 2017 institut




sed anatomy: CT, US and MRI

Uterus — endovaginal
ultrasound:

Myometrium
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ased anatomy: CT, US and MR

Uterus - CT:

Myometrium
e hypointense

e Indistinguishable from
endometrium on unenhanced CT

scan
e Enhances after CM injection,

e Homogenous on delayed CT
scans

8 - GEC - ESTRO WS Prague Czech Republic October 2017

institut




ed anatomy: CT, US and MRI

Uterus - MR:

Myometrium

e Inner myometrium = junctional zone
= low signal intensity

e Outer myometrium = high-signal
intensity

e Signal intensiy decreases with age
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ased anatomy: CT, US and MR

Uterus - MR;:

Myometrium

e Inner myometrium =
junctional zone = low signal
intensity

e Outer myometrium = high-
signal intensity

e Signal intensiy decreases
with age
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pased anatomy: CT, US and MRI

Uterus - MR:

Myometrium - Endometrium
e Vascularisation
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ed anatomy: CT, US and MRI

Uterus - MR:

Myometrium - Endometrium
e Vascularisation
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sed anatomy: CT, US and MRI

Uterus - MR:

Myometrium - Endometrium
e Vascularisation
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sed anatomy: CT, US and MRI

Uterus - MR:

Myometrium - Endometrium
e Vascularisation
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sed anatomy: CT, US and MR

Uterus - MR:

Myometrium - Endometrium
e Vascularisation
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sed anatomy: CT, US and MRI

Ovary -Ultrasound:

Contains follicles
e Peripherically located
e Number decreases with age
Intraperioneal organ (mobility)
e Ovarian stroma

m Central

8 - GEC - ESTRO WS Prague Czech Republic October 2017
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pased anatomy: CT, US and MRI

Ovary - CT:

Hypointense

Peripheral enhancement
Limitation:

Decrease of number of follicles
Decrease of size

Fibrous bands

Contrast media

oral CM

intravenous CM
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ased anatomy: CT, US and MR

Ovary - MR:

e Follicle : High-signal intensity on
T 2-weighted MR scans

e Ovarian capsule : low-signal
intensity band

e Ovarian stroma : intermediate
signal intensity
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ased anatomy: CT, US and MR

Cervix - US:

Transabdominal : difficult examination
Endovaginal ultrasound:
e Hyperechoic stripe

e Anechoic central stripe in 2nd part
of cycle (cervical secretions)

institut




ased anatomy: CT, US and MR

Cervix - CT:
Difficult examination
(axial CT)

e Confounding with vaginal fornices,
bladder and rectum

e No distinguished border with corpus
uteri

e |sointense to uterine body

e Less enhancing than corpus after CM
injection
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ased anatomy: CT, US and MR

Cervix - CT:;
Difficult examination
(axial CT)

e Confounding with vaginal fornices,
bladder and rectum

e No distinguished border with
corpus uteri

8 - GEC - ESTRO WS Prague Czech Republic October 2017
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ed anatomy: CT, US and MRI

Cervix - MR;

Zonal Anatomy (young)

e Hyperintense endocervical canal
(mucosal secretions and
endocervical glands)

e Inner cervical stroma
= low signal intensity
e Quter cervical stroma
= high signal intensity

institut




ed anatomy: CT, US and MRI

Cervix - MR;:
Zonal Anatomy (young)
Limits :

e Sagittal : corpus

e Axial : entry of the uterine artery
5 mm upwards
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ased anatomy: CT, US and MR

- Cervix - MR:

: ' i . Zonal Anatomy (young)
"2 i e

\ » . .
\ Limits :
. e Sagittal : corpus

mm upwards

R
: — e Axial : entry of the uterine artery 5
’h.- ' ¢ ,"

Age-related modifications

©,40y
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Coronal view

Cervix - MR:

Zonal Anatomy (young)
Limits :

e Sagittal : corpus

e Axial : entry of the uterine artery 5
mm upwards

Coronal : hypointense
« cervical stroma
ring »
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ed anatomy: CT, US and MRI

Vagina - US:
Transabdominal : difficult examination

e Hyperechoic central stripe
(interface between vaginal cavity
and vaginal mucosa)

e Vagina : hypoechoic stripe
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ased anatomy: CT, US and MR

T
¢ 't ‘“\}_ . Vagina - CT:

\ Visualization
e Hypointense

e Confounding with cervix bladder
and rectum

e Intravaginal contrast necessary
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Vagina - MR:
Excellent Soft tissue contrast

e Vaginal wall : low-signal intensity

e Clear delineation of vagina and
paravagina

e Intravaginal contrast useful to
delineate vagina from cervix

8 - GEC - ESTRO WS Prague Czech Republic October 2017
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CANCER - LYMPH NODE
DRAINAGE

>
o

PARARECTAL COMMON

ILIAC
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. drawings and CR

CONVENTIONAL RADIOGRAPHY
(CR): AT TIME OF
BRACHYTHERAPY:

- intravaginal applicator in place

- intrauterine and intravaginal probes
- dummy sources

- bladder and rectal probes

8 - GEC - ESTRO WS Prague Czech Republic October 2017




anatomy: CT, US and MRI

adioanatomy in brachytherapy
- | -MRcompatible Intravaginal
s | applicator
- Resine-made moule
Vaginal plastic tubes
(arrowheads)

- Endouterine plastic tube (yellow
arrow)

- Dummy plastic sources
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- Radioanatomy in brachytherapy
§ 5 he

| ¥a - Uterine source —

¥ Bladder catheter

iV

*1,~ Intravaginal applicator
. rh Vaginal tube S

|
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- Radioanatomy in brachytherapy

Vaginal tube with high
signal intensity
Intensity dummy
source
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sed anatomy: CT, US and MRI

Radioanatomy in brachytherapy

Air-fluid levels Iin
bladder and
hollow

Intravaginal
applicator




pased anatomy: CT, US and MRI

Uterine tube

Vaginal tubes

Air fluid level

tumour

8 - GEC - ESTRO WS Prague Czech Republic October 2017

A




| MR - Radioanatomy in
brachytherapy
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E

ased anatomy: CT, US and MRI

- Radioanatomy of the parametrium

Limits : peripheral
anterior : bladder (anterior pillar)

lateral : subperitoneal space adjacent to
pelvic wall (internal obturator muscle)

posterior : utero-sacral ligament
superior : peritoneum
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ased anatomy: CT, US and MRI

adioanatomy of the parametrium

3 Limits :

anterior : bladder (anterior pillar)
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dioanatomy of the parametrium

Limits :
anterior : bladder (anterior pillar)

- variable to bladder filling

- ends in the vicinity of the external
iliac vessels (arrow)
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ased anatomy: CT, US and MRI

adioanatomy of the parametrium

- - Limits : peripheral

lateral : subperitoneal space adjacent to
pelvic wall (internal obturator muscle)
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ased anatomy: CT, US and MRI

adioanatomy of the parametrium

Limits : peripheral

lateral : subperitoneal space adjacent to
pelvic wall (internal obturator muscle)

- variable to bladder filling, rectal
filling and intraperitoneal fluid

- variable cranio-caudally
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dioanatomy of the parametrium

Limits : peripheral

lateral : subperitoneal space adjacent to
pelvic wall (internal obturator muscle)

- variable to bladder filling, rectal
filling and intraperitoneal fluid

- variable cranio-caudally
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ed anatomy: CT, US and MRI

loanatomy of the parametrium

J Limits : peripheral
/‘5_, lateral : subperitoneal space adjacent to
pelvic wall (internal obturator muscle)

- variable to bladder filling, rectal
filling and intraperitoneal fluid

- variable cranio-caudally
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ased anatomy: CT, US and MRI

adioanatomy of the parametrium

posterior : utero-sacral ligament
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ased anatomy: CT, US and MRI

adioanatomy of the parametrium

g Limits : peripheral

posterior : utero-sacral ligament

- outlined by disease
(endometriosis)

. ____________________________________________________________________________________________________________________________________________________________________|
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ed anatomy: CT, US and MRI

loanatomy of the parametrium

g ———

J Limits : peripheral
v /‘jr posterior : utero-sacral ligament

- outlined by disease
(endometriosis) and
Intraperitoneal fluid

N
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dioanatomy of the parametrium

inferior : vaginal wall
superior : cervix

/ - _\’ﬁ Limits : central
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Limits : central
inferior : vaginal wall \
superior : cervix A
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sed anatomy: CT, US and MRI

dioanatomy of the parametrium

Limits : periphery
superior : peritoneum (small bowel, ovary,

sigmoid colon)
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ased anatomy: CT, US and MRI

adioanatomy of the parametrium

g Content :

vessels :
e artery (uterine and vaginal)
e veines + + + (uterine and vaginal)
ureter
connective tissue
(adipocytes + +)
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ased anatomy: CT, US and MRI

adioanatomy of the parametrium

3 Content :

vessels :
e artery (uterine and vaginal)
e veines + + + (uterine and vaginal)
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ased anatomy: CT, US and MR

adioanatomy of the parametrium

Content :

vessels :

e artery (uterine and vaginal)

e veines + + + (uterine and vaginal)
UICIGT

GCOMNNG

(
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dioanatomy of the parametrium

Content :

JJJJJJ

ureter
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ased anatomy: CR, CT, US and MRI

CONCLUSION:

CT, US and MRI Radioanatomy:
e MR>CTand US >CR

uterus cervix

Parametrium
e MR=CT>US>CR

Lymph node evaluation

e MR > CT in Brachytherapy for evaluation of CTV,
GTV (MSCT ?)

. ____________________________________________________________________________________________________________________________________________________________________|
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RADIOLOGIC PATHOLOGY OF
GYNECOLOGIC TUMORS
(including nodes)

- Dr P Petrow — Departement of
Diagnostic Radiology

Institut Curie — Paris / France

QD
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ND MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

Technical Requirements
- Field strength

- MR - Magnet Configuration
- Colls

- Patient preparation (bowel-motion reducing
medication, intravaginal contrast)

- Image sequence algorythm (parameters, coverage,
slice positionning)
- Tumor visualisation / extension

. ____________________________________________________________________________________________________________________________________________________________________|
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AND MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

Classic open configuration

1Tesla : Magnetom Rhapsody

Classic closed configuration

3 Tesla —> 7 Tesla 1.5 Tesla
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MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

FIELD STRENGTH

15T 023 T
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MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

FIELD STRENGTH

15T 023 T
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MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

FIELD STRENGTH

3 T 15 T Masatoshi et al.

Radiology 2009
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D MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

. ____________________________________________________________________________________________________________________________________________________________________|
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T AND MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

Yang AJR 2004 Desouza Gynecol

Oncol. 2006 COILS

&
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' : GYN GEC ESTRO
RECOMMANDATIONS

" nlcal parameters — bowel motlon reduction

NO GLUCAGEN
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MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

chnical parameters:
Inal filling

Material :

50 cc syrinyx

50 cc of ultrasound gel
rectal canula

T iy
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D MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

— technical parameters: Vaginal filling
5 =
- . 3o

Van Hoe Radiology 1999

. ____________________________________________________________________________________________________________________________________________________________________|
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D MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

echnical parameters: Vaginal filling

- Intrarectal injection ...

GEC ESTRO WS Prague Czech Republic October 2017




1}

T L
¢ " .
e

- Incomplete vaginal distention

D MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

echnical parameters: Vaginal filling

1 108
R - %,

As

- Synechia

GEC ESTRO WS Prague Czech Republic October 2017
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R IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

chnical parameters: Vaginal filling
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MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

cal parameters — presaturation band

GEC ESTRO WS Prague Czech Republic October 2017
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AND MR IMAGING : GYN GEC ESTRO
RECOMMANDATIONS

Sagittal FSE T2:

@ % W |-TR=2000-6000 ms
' \~ % j" -TE =90 - 120 ms
u _ETL=4-32

-FOV =35-48 cm?2

-SW =5-7mm (3-4
mm for oblique view)

-1SG =1 mm

- coverage : PSto PS

. = A
.
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cer : Initial Staging and Follow-up

INITIAL 4
STAGING tOLLOV-UP
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Cervical Cancer : Initial Staging and Follow-up

MRI >> CT > US
Staging  +++

RT treatment +++

follow-up +/-

recurrence ++

QD
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er : Initial Staging and Follow-up

INITIAL 4
STAGING tOLLOV-UP
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cer : Initial Staging

DIOANATOMY
T2

- cervix : fibrous stroma \'
\

| BV

| V)

- low SI T2 stroma
o age
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ncer : Initial Staging

M Injection : Indications

. Small / non visible
tumors on T2

. Vaginal mucosa
visualization

. Complications
(abcess / fistulas)
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33y, endocervical tumor (biopsy), adenocarcinoma, FIGO IB1

LT
» y ¥

3,

=
~

.

-

.

Fast SE T2 Dynamic-acquisition subtracted
contrast-enhanced SE T1-weighted
Image (1 image every 40 seconds)



33 y, endocervical tumor (biOpSy), adenocarcinoma, FIGO IB1

'\

Post-contrast fat-suppressed Dynamic-acquisition subtracted
SE T1 —weighted image contrast-enhanced SE T1-weighted

Image (1 image every 40 seconds)



-
@
Ay
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cer : Initial Staging

Injection : Indications

AP
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ncer : Initial Staging

\

T = TUMOUR M = METASTASIS

N =NODE INVOLVEMENT

. ____________________________________________________________________________________________________________________________________________________________________|
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cer : Initial Staging

T = TUMOUR
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. Initial Staging

TUMOUR - SHAPE

* exophytic
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ancer : Initial Staging

TUMOUR - SHAPE

e endocervical

. ____________________________________________________________________________________________________________________________________________________________________|
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r : Initial Staging
TUMOUR - SHAPE

« infiltrating
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cer : Initial Staging

TUMOUR - SIZE

DIAMETER

l <4cm IB1

>4cm IB2

GEC ESTRO WS Prague Czech Republic October 2017




ncer : Initial Staging

TUMOUR - EXTENSION FIGO

INTACT == I[B
INVASION == [IB
INVASION == |||B

=> PSW |
* ureter

e pladder / rectum =—————=— VA

GEC ESTRO WS Prague Czech Republic October 2017

e parametrium ==

1 1)1




ancer : Initial Staging

OUR - EXTENSION - PARAMETRIUM (1)

INTACT

. ____________________________________________________________________________________________________________________________________________________________________|
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ancer : Initial Staging

OUR - EXTENSION - PARAMETRIUM (2)

INVASION
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cer : Initial Staging

OUR - EXTENSION - PARAMETRIUM (3)

b

INVASION => FIGO
PELVIC SIDE
WALL 11IB
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ncer : Initial Staging

OUR - EXTENSION : URETER

FIGO Il1IB
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er : Initial Staging

1/3inf- => 1IA
R - EXTENSION : VAGINA & 13inf+=> IIA

N )
! ™ \( '
N -_-
. » . . Y -
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er : Initial Staging
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ER GYNECOLOGICAL TUMROS

&
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ECOLOGICAL TUMORS

= S i bl o e e e
e T Bl i b il ol W W
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ncer : Initial Staging and Follow-up

INITIAL

STAGING FOLLOW-UP
- Chemotherapy

- Surgery
- (Chemo)Radiation Therapy

- Recurrence
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cer : Initial Staging and Follow-up

-

INITIAL e
STAGING tOLLOV-UP
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ancer : Follow-up

MRI before treatment
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» ' \’:

Initial MRI 3mo. End of RT 5mo. (2 mo.
| S after BT)

TN T
""-.ﬁ-n._._ o

Arrive nad ology

11 mo. 20 mo. Blomlie Radio
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RADIOLOGIST

examination

MRI PELV

\ ’ STAGING
EXTERNAL l
BEAM THERAPY
(EBT) A
BRACHYTHERAPY —
' MRI PELV MRI PELYV post
post EBT EBT (45Gy +

PLAIN FILM (45Gy) Brachy)

SIMULATION - DOSIMETRY
— CONTOURING (OAR) TREATMENT
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RADIOLOGIST

Clinical

examination
MRI PELV
\ ’ STAGING
BRACHYTHERAPY _
/ \ MRI PELV MRI PELYV post
. post EBT EBT (45Gy +
BRACHY MRI  BRACHY MRI (45Gy) Brachy)
PREIMPLANT IMPLANT ]

SIMULATION - DOSIMETRY
guided — CONTOURING (OAR) TREATMENT
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SESSMENT OF NODAL PATHOLOGY

*BASIC NODAL
EVALUATION
(US/CT/MR/PET-CT)

eSPECIFIC CONTRAST
MEDIA (USPIO-MRI)

oMR DIFFUSION IMAGING
eCONCLUSION

. ____________________________________________________________________________________________________________________________________________________________________|
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ESSMENT OF NODAL PATHOLOGY

NODAL STATUS : TNM CLASSIFICATION OF THE
AJCC

- LN STATUS : IND. PROGNOSTIC FACTOR/
SURVIVAL

- LN STATUS : INFLUENCES TREATMENT
- LN STAGING SURGERY
- NODAL IRRADIATION

. ____________________________________________________________________________________________________________________________________________________________________|
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ESSMENT OF NODAL PATHOLOGY

ERIOD PRIOR OF CROSS-SECTIONAL IMAGING:
- bipedal LYMPHOGRAPHY

- CE imaging
- study of internal architecture
- functional and physiologic study of the lymphatic system
LIMITATIONS |
- limited exploration
- invasive
- time-consuming
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SSMENT OF NODAL PATHOLOGY

RIOD OF CROSS-SECTIONAL IMAGING: US/CT/MRI -
- ANATOMIC / MORPHOLOGIC imaging & evaluation

w— e

Torabi M, J Nucl Med 2004 ; 45 :
1509-18
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SSMENT OF NODAL PATHOLOGY

ERIOD OF CROSS-SECTIONAL IMAGING: US/CT/MRI -
- ANATOMIC / MORPHOLOGIC imaging & evaluation

- Size : <10 mm

- Smooth, regular borders
- Uniform SI / density

- fatty hilum

- oval shape

_— Sjze criterion : <10 mm

Torabi M, J Nucl Med 2004 ; 45 :
1509-18
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PERIOD OF CROSS-SECTIONAL IMAGING: US/ CT/ MRI

ASSESSMENT OF NODAL PATHOLOGY

- ANATOMIC / MORPHOLOGIC imaging & evaluation

Anatomic st

Axdllary

Intemnal mammanry
Palvic

hdodlastmum
Juguicdigasiric reglon

Nonratropharyngaal nodes

Lateral retropharyngeal
Inguinal

MA = nol applicable.

Raferance

Author

Yoshimura &t al.
Klmoshita et al
Vinnicomba et al.
Ingram et al.

Wan den Brekel at al.
Wan den Brekel at al.
Wan den Brekel at al.

Hawnaur &t al.

Torabi M, J Nucl Med 2004 ; 45 : 1509-18

GEC ESTRO WS Prague Czech Republic October 2017

Maximum shiort-
diametar {mmj
h f""

r'l #'

10
10
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10

10

Lymph mode
bdazimum long

Summary of Literature Indicating Upper Size Limit for Benign Lymph Modes According to Anatomic Site

on Cross-Sactional Imaging

dlametar {mm}

10

(=
]

MA
MA
MA
MA
MA
MA
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Referanca
Althor 0.

Kau et al.
Crwramena et al.
Platerman at &l
Gagllardl et al
Blpat et al. ;
anzal et al. 3
Amtoch et al 2003

"Thiz modallity was mot avalusted.
MA = mot applicable.

Mo. of
patlents

Torabi M, J Nucl Med 2004 ; 45 : 1509-18

PERIOD OF CROSS-SECTIONAL IMAGING: US/ CT/ MRI
- ANATOMIC / MORPHOLOGIC imaging & evaluation

Summanry of Published Clinical Trials with CT/MRBI

Rieqglon

Haad and nack

Lung

Lung

Pelvic

Literine carvical

All body reghons
L

GEC ESTRO WS Prague Czech Republic October 2017

Sensitivity (%)

ASSESSMENT OF NODAL PATHOLOGY

Specificity (3¢) ACCUracy (%)
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SSMENT OF NODAL PATHOLOGY

ERIOD OF CROSS-SECTIONAL IMAGING: US/CT/MRI -
- ANATOMIC / MORPHOLOGIC imaging & evaluation (2)

- Ratio Short axis / long

N ik N oxis : 0.8

ratio criterion : 0.8< S :
benign

ratio criterion : S >=0.8:
malignhant

Torabi M, J Nucl Med 2004 ; 45 :
1509-18
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ELYMPH NODE - ACTUAL STATUS

Only admitted criterion
in CT and MRI:

- Small diameter < 10
mm

Rockall, A. G. et al. J Clin Oncol; 23:2813-2821 2005
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ANISM OF USPIO (ultrasmall particle of iron-oxide)

Efferent
lymphatics

Intravenous
injection

Metastasis ___/

Afferent
lymphatics

P&/ Marginal __ %

sinus y AN \

“

=

Lymphocytes

Metastasis

O Vacancy O Tetrahedral site:

Fe3+
Q 0% O Octahedral site:

Fe3+ Fe3+

™~

/ A
(/@& /  Macrophage

/~Blood  Lymph—
vessel vessel

L)

After approximately 24 hours

NEJM Harisingani 2003
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M OF USPIO (ultrasmall particle of iron-oxide)

MRI T: MRI T, ,,: Local
T2 Uz perturbation of

_ _ _ the magnetic
Physiological evaluation of the field => local

== lymph node function signal loss
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A OF USPIO (ultrasmall particle of iron-oxide)

o

MRI T, MRI T, ,.: 10 mm
T2*weighted sequence T2*weighted sequence metastatic LN
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MRI T,: MRI T, 5,4
T2*-weighted sequence T2*-weighted sequence

OF USPIO (ultrasmall particle of iron-oxide)

ot i | 2 '
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micrometastasis
INn a otherwise

normal LN
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OF USPIO (ultrasmall particle of iron-oxide)

MRIT,:
T2*-weighted sequence

Small 5 mm
metastasis in a
LN

MRI T, ,,:
T2*-weighted sequence

-
. . h 4 o
C ESIRU WS Prague Czech Republic October 2017 Institut




CANISM OF USPIO (ultrasmall particle of iron-oxide)

The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JUNE 19,2003 VOL.348 NO.25

Noninvasive Detection of Clinically Occult Lymph-Node
Metastases in Prostate Cancer

Mukesh G. Harisinghani, M.D., Jelle Barentsz, M.D., Ph.D., Peter F. Hahn, M.D., Ph.D.,
Willem M. Deserno, M.D., Shahin Tabatabaei, M.D., Christine Hulsbergen van de Kaa, M.D., Ph.D.,

Jean de la Rosette, M.D., Ph.D., and F{'l:|}'_:-|'| Weissleder, M.D.. Ph.D.

GEC ESTRO WS Prague Czech Republic October 2017 Institut




Table 2. Sensitivity, Specificity, Accuracy, and Positive and Negative Predictive Values of MRI Alone
and MRI with Lymphotropic Superparamagnetic Nanoparticles.

MRI with
Lymphotropic
Superparamagnetic
Variable MRI Alone Nanoparticles P Value

Results per patient (n=20)
Sensitivity (%) 45.4 100 <0.001
Specificity (%) 78.7 95.7
Accuracy (%) 65.0 97.5
Positive predictive value (%) 60.0 94.2
Negative predictive value (%) 67.2 100

Results per individual lymph nodes of all sizes (n=334)
Sensitivity (%) 35.4 90.5
Specificity (%) 90.4 97.8
Accuracy (%) 76.3 97.3
Positive predictive value (%) 55.9 95.0
Negative predictive value (%) 80.3 97.8
Area under the curve 0.756 0.975

Results for nodes with a short-axis diameter of 5-10 mm (n=45)
Sensitivity (%) 28.5 96.4
Specificity (%) 87.2 99.3
Accuracy (%) 78.3 98.9
Positive predictive value (%) 28.5 96.4
Negative predictive value (%) 87.2 99.3

Results for nodes with a short-axis diameter of <5 mm (n=17)
Sensitivity (%) 41.1
Specificity (%) 98.1
Accuracy (%) 90.4
Positive predictive value (%) 77.7
Negative predictive value (%) 91.3

€1 NA denotes not applicable.




SESSMENT OF NODAL PATHOLOGY

...and CT - PET

evaluation of pelvic and paraaortic lymph node extension + + +
« One-shot whole body » evaluation of disease extent

CT = MRI for pelvic and paraortic LN staging

... and CT versus MRI

GEC ESTRO WS Prague Czech Republic October 2017 Yang AJR 2000 ; Scbeid]er]/ﬂ\“




SSMENT OF NODAL PATHOLOGY

MR DIFFUSION-WEIGHTED IMAGING

MR DIFFUSION-WEIGHTED IMAGING

Imaging of H20 movement
(Brownian motion of H20)

A. Water cavities (bladder, ascites)

B. Cells:
- Intravasculaire, intercellular,
intracellular

B. Damaged cells:
- Disruption of membranes (CT /
RT)

&

-

GEC ESTRO WS Prague Czech Republic October 2017 Institut




SSMENT OF NODAL PATHOLOGY

MR DIFFUSION-WEIGHTED IMAGING
90¢ 180¢

\“ l‘"
[
RF X ‘y' '\l ) f r‘ ”'\
/ \J W A/ A )

—— Symmetric application Diff";!°_"
usion around 180° refocusing Sensitizing
sensitizing J l pulse. 9 gradient
gradient

T2SE 90°

dephased rephased Sustained signal dephased  rephased

Relatively ®® ‘ OO0 Moving H,0 Reduced signal
static 0@ l o0 1 molecules 1 4 4

molecules

MR DIFFUSION-WEIGHTED IMAGING : T2 Sequence

T2 Sequence : modified by a sensitizer gradient (b value : sec / mm2)

- b=0 : no modification (T2)
- b=500/600 or 1000 : 1200 : Diffusion weighted

&

-

GEC ESTRO WS Prague Czech Republic October 2017 Institut




SSMENT OF NODAL PATHOLOGY

MR DIFFUSION-WEIGHTED IMAGING

T2SE 90°

1

Symmetric application  Diffusion

/‘ \‘.,” ‘\ J\

Diffusion ] around 180° refocusing Sensitizing
sensitizing J l pulse. 9 gradient
gradient dephased rephased Sustained signal dephased  rephased

Relatively ®® ‘ OO0 Moving H,0 Reduced signal
static 0@ l o0 1 molecules 1 4 4

molecules

MR DIFFUSION-WEIGHTED IMAGING : T2 Sequence

GEC ESTRO WS Prague Czech Republic October 2017 Institut




SSMENT OF NODAL PATHOLOGY

MR DIFFUSION-WEIGHTED IMAGING

7__ Liver tumor

Restricted diffusion

& e

“~_Normal liver

Normal diffusion

| gradient = ADC

.......................................

—@O

signal intensity on DWI
Logarithm of signal intensity

150 500 150
b values (s/mm2) b values (s/mm?2)

restricted diffusion (high cellular density): pitfalls:
- tumor - normal lymph node

- slow blood flow

- T2 shine-through
- neuronal tissue
(brain, spinal cord)

GEC ESTRO WS Prague Czech Republic October 2017 Institut




NT OF NODAL PATHOLOGY

FFUSION-WEIGHTED IMAGING

Inconviences :

- low S/N Ratio(high cellular density):
-3T > 1,5 T (but susceptibility artifacts)

- not possible at low-field (0,2T)

- coarse matrix (128 * 128 on 1,5 T) => contouring ???
- ADC differs from scanner to scanner

- comparaison not yet easy

- temperature

GEC ESTRO WS Prague Czech Republic October 2017




NT OF NODAL PATHOLOGY

T2 +FATSAT

metastatic LN

DW'TZ ADC' DW Liu Y. et al.,Gynecologic Oncology 122 (2011) 19-24

GEC ESTRO WS Prague Czech Republic October 2017 institut




NT OF NODAL PATHOLOGY

S —

T2 +FATSAT

Normal LN

- o

DW-T2 ADC- D

GEC ESTRO WS Prague Czech Republic October 2017 institut




SESSMENT OF NODAL PATHOLOGY

Table 3
Comparision of the diagnostic performance of the size-based criteria and ADC-based
criteria.

Short-axis Long-axis Mean Minimum Mean Minimum
diameter  diameter ADC  ADC rADC  rADC

Sensitivity(%) 76.1 93.5 91.3 . 84.8 93.5
Specificity(%) 85.9 66.2 91.5 . 91.5 90.8
PPV(%) 62.5 473 77.8 . 76.5 93.5
NPV(%) 91.0 96.9 97.0 4. 93.2 97.7
Accuracy(%) 77.7 72.9 91.5 . 89.9 91.5

Normalized = relative ADC =rADC = ADC lesion /ADC reference (r gluteus maximus

muscle (Liu) ; renal cortex (Park) _ _
Liu Y. et al.,Gynecologic Oncology 122 (2011) 19-24

GEC ESTRO WS Prague Czech Republic October 2017 Institut




ESSMENT OF NODAL PATHOLOGY

Sensitivity

40 60
100-Specificity

—— mean ADC

==== minimum ADC
mean rADC
minimum rADC

——— short-axis diameter

—— long-axis diameter

Liu Y. et al.,Gynecologic Oncology 122 (2011) 19-24

GEC ESTRO WS Prague Czech Republic October 2017

institut




N — NODAL ASSESSMENT

- CT/MR/US : Can depict large, evident LN Involvement
- PET-CT : Whole body depiction of LN Metastasis

4 N\

- DW imaging for minimal ADC mapping l - Surgical LN Sampling
- (discordance PET-CT/MRI)

- Image-guided (CT) LN Sampling

GEC ESTRO WS Prague Czech Republic October 2017




QUESTIONS ?
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Radiologic Pathology of gynaecologic tumors
Incl. nodes
At time of Brachytherapy
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—@ Published Recommendations
—@ Clinical Results
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Magnetic Resonance Imaging
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Working Group™ (I): concepts and terms in 3D image based 3D

treatment planning in cervix cancer brachytherapy with emphasis
on MRI assessment of GTV and CTV

Christine Haie-Meder™*, Richard Potter®, Erik Van Limbergen, Edith Briot”
Marisol De Brabandere®, Johannes Dimopoulos”, Isubelle Dumas®, Taran Paulsen Hellebust®,
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GEC-ESTRO Recommendations

Rfcommendauons from Gynaecological (GYN) GEC-ESTRO Working Group:
and pitfalls in and reconstruction
in 3D image-based treatment planning of cervix cancer brachytherapy

Taran Paulsen Hellebust>*, Christian Kirisits®, Daniel Betger®, José Pérez-Calatayud ©

Marisol De Brabandere, Astrid De Leeuw . Isabefle Dumas', Robert Hudej . Gerry Lowe ™. Rachel Wills "
Kari Tanderup

GEC-ESTRO Recommendations
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Basic principles and parameters for MR imaging within the frame of image
based adaptive cervix cancer brachytherapy
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°
Intracavitary brachytherapy: FIGO stage I1B
T m— MJdein

Pre-planning: FIGO stage |IB

MR (gold)

- - a Tl . US (silver+)

o CT (bronze)
Clinical

drawing

(gold)
@

Pre-planning: FIGO stage I11B

M. Schmid, Vienna, ongoing clinical study



Interpretation of imaging findings at BT
What is the High Risk CTV on this slice? (your best
guess)

C

D: None of these contours

oQwp
g Q®m




Interpretation of imaging findings at BT

\__________\\

Contouring uncertainties: weakest link in Image guided BT?

Harmonization of practice!
Contouring Contouring f High quality
guidelines training imaging

0
Systematic
_ assessment

| Selection & <:J
delineation

Njeh CF, et al. Med Phys 2008
Hellebust TP, et al. Radiother Oncolo 2013
Petric P, et al. Radiother Oncol 2013



Interpretation of imaging findings at BT

\‘___—_—_\

Contouring uncertainties: weakest link in Image guided BT?

Harmonization of practice!

Contouring Contouring High quality
guidelines training imaging

Systematic
assessment

| Selection & i: ‘I
delineation |

Njeh CF, et al. Med Phys 2008
Hellebust TP, et al. Radiother Oncolo 2013
Petric P, et al. Radiother Oncol 2013



Assessment of sectional imaging at time of BT

\________\

General principles

-0 Clinical findings

MRI/CT at BT

S e T
# A

MRI and/or CT/US with clinical drawings

EBRT BT
week 1 week 2 week 3 week 4 week 5 week 6 week 7
Lo Clinical indigs at DG _atBT




STEPS of Assessment of MRI/CT at BT

\_____—__\\

THEATRE
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STEPS of Assessment of MRI/CT at BT

\_____—__\\

THEATRE

i " A
Insfituteﬂf ©ncologyLjubljana
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1. Rule out FLOP

Institute of Oncology Ljubljana

_ Compare with initial findings!




1. Rule out FLOP

Action? —=)> Have institutional policies and protocols ready!




1. Rule out FLOP

\_____—\

FLuid in abdomen?

Uterine perforations

Organ Perforation? Up to = 5-10 %

' US guidance!

Irwin W, et al. Gynecol Oncol 2003
Sharma DN, et al. Gynecol Oncol 2010 Jhingran A, Eifel PJ. IJROBP 2000 Van Dyk S, et al. IJROBP 2009 Sahinler |, et al. IJROBP 2004
Davidson MTM, et al. Brachytherapy 2008  Barnes EA, et al. Int J Gynecol Cancer 2007 Granai CO, et al. Gyn Oncol 1984 Irwin W, et al. Gynecol Oncol 2003

Mliman RM, et al. Clin Imaging 1991 Lanciano R, et al. IJROBP 1994 Segedin B, et al. Radiol Oncol 2013 Milman RM, et al. Clin Imaging 1991



Systematic Assessment of MRI/CT at BT
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THEATRE
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Set the STAGE for contouring

\——-—__\

Gize of the residual tumor?

Gopography of the target Volume?

@dequacy of the implant?
erey zones in relation to GTVg?

extra findings?




Set the STAGE for contouring

\——-—__\

@ize of the residual tumor?

Gopography of the target V?
@dequacy of the implant?
erey zones in relation to GTVg?

extra findings?




Size of the tumor at Brachytherapy

\____—__\

Volume change during treatment
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prior to therapy 1. brachytherapy 2. brachytherapy 3. brachytherapy 4. brachytherapy

Dimopoulos J, et al.Strahlenther Onkol 2009

EBRT: tumor regression = 75%

Brachytherapy: tumor regression = 10%




Size of the tumor at Brachytherapy

Volume change during treatment

@&
_ £ IR
e I"" I"[.E.'?.FS.T ."" I"" BT
°

stage IB2 - IVA >
F Vl V2 V3 V
y
PV =100 % = PV -
100 *Rapid response: 2.2% / Gy, ‘
80 ‘\\ Stoep slope Alive & well
60 \ -Low AUC (24 %) atry

o \
. \

1 2 3 4
Mayr NA, et al. Int J Radiat Oncol Biol Phys 2010

Wang JZ, et al. Cancer 2010

Proportional Volume [%}




Size of the tumor at Brachytherapy

\________\

Volume change during treatment

Regression to Proportional Volume: PV =V, [V, [%]

_ & BULR
V=115 @ I T ezgsr I A
.

stage IB2 - IVA

100 0\\ *Rapid response: 2.2% / Gy
80

*Steep slope
\ *Low AUC (24 %)
o \

. \

1 2 3 4
Mayr NA, et al. Int J Radiat Oncol Biol Phys 2010

Wang JZ, et al. Cancer 2010

Proportional Volume [%}




Size of the tumor at Brachytherapy

\________\

Volume change during treatment

Regression to Proportional Volume: PV =V, [V, [%]

_ & BULR
V=115 @ I T ezgsr I A
.

stage IB2 - IVA

o *Rapid response: 2.2% / Gy.
fg 80 *Steep slope

3 *Low AUC (24 %)

: \

g \\\. *Slow response: 0.8% / Gy
8 20 *Low slope

SN | | \$_‘ | *High AUC (50 %)

1 2 3 4
Mayr NA, et al. Int J Radiat Oncol Biol Phys 2010

Wang JZ, et al. Cancer 2010



Size of the tumor at Brachytherapy

\_______\

Volume change as outcome predictor

(R LLLLEN |
I ezgsr I A

stage IB2 - IVA ° >®

(@) Local Tumor Control (b) Disease-specific Survival (C) Overall Survival

1.0 ;*\ V3/ Vl < 20%
osd 1 V,/V, 220%
064 - 0.6

04 04

i | p = 0.009
02 p <0.001 02
0.0 0.0 -
0 2 4 6 8 10 0 2 4 6 10
Years Years

Mayr NA, et al. Int J Radiat Oncol Biol Pl Rad. Onc. Perspectlve in context of image gwded BT!
Wang JZ, et al. Cancer 2010 - = &




Size of the tumor at Brachytherapy

\‘_________ﬁ_\

Qualitative vs. quantitative

Good response
-




Set the STAGE before contouring

\——-—__\

Gize of the residual tumor?

0opography of the target V?
@dequacy of the implant?
erey zones in relation to GTVg?

extra findings?




Topography of the tumour

Tumour and Target shape and extent
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Unfavourable (large)

Transverse View Foley catheter Tandem HRCTV

Urinary bladder

Posterior bladder wall

Parametria left

Parametria right Anterior rectal wall




Set the STAGE before contouring

\——-—__\

Gize of the residual tumor?

Gopography of the target V?
Qdequacy of the implant?
erey zones in relation to GTVg?

extra findings?




Adequacy of the implant

Adequate

e
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Set the STAGE before contouring

\——-—-—__\

Gize of the residual tumor?

Gopography of the target V?
@dequacy of the implant?
@rey zones in relation to GTVg?

extra findings?




Grey zones

\_________—_\

Grey zones at BT correlate with Initial spread




Grey zones

\___—___\

Grey zones at BT correlate with Initial spread

PARAMETRIAL REMNANTS [%]

Predominantly Expansive + Infiltrative inner  Infiltrative  Infiltrative outer

. expansive infiltrating parts 1/3 middle 1/3 1/3
Schmid MP, et al. Acta Oncol 2013
Yoshida K, et al. IJROBP 2016 INITIAL PATTERN OF TUMOR GROWTH




Grey zones

\/_\

Grey zones at BT correlate with Initial spread

Coronal




Grey zones

Grey zones at BT correlate with Initial spread

Estimate probability for residual pathological tissues
in parametria after EBRT for this patient:




Grey zones

\_______\

Grey zones at BT correlate with Initial spread

PARAMETRIAL REMNANTS [%]

Predominantly Expansive + Infiltrative inner
expansive infiltrating parts 1/3

Infiltrative
middle 1/3

Infiltrative outer
1/3

INITIAL PATTERN OF TUMOR GROWTH

Schmid MP, et al. Acta Oncol 201
Yoshida K, et al. IJROBP 2016




Grey zones

Grey zones at BT correlate with Initial spread




Set the STAGE before contouring

\——-—-—__\

Gize of the residual tumor?

Gopography of the target V?
@dequacy of the implant?
erey zones in relation to GTVg?

@xtra findings?




“Extra” findings?

¥_____—\

Practical Example

At Brachytherapy

sImages kept in BT
department
*No radiology report

3 Weeks after BT

*Picture of Pelvic Inflammatory Disease

*Abscess drainage & Antibiotics

2 years follow up

Alive and well *There may be other pathology apart from cervix Cal!
*Informed consent before planning MRI...
«Communication!

*Challenge: radiation oncologist’s vs. radiologist’s perspective



SUMMARY — EXAMPLE 12w MRI at BT from Rad. Onc. Perspective (gold standard)

\_______\

MRI and/or CT/US with clinical drawings
1. No free ELuid

2. No Organ Perforation (or uterine perforation)

1. Size of the tumor:
. 8 cm? (ellipsoid formula)
. Regression to Proportional V: PV = 20 % initial V
2. Topography: unfavourable due to right parametrial extension.
Adequate insertion geometry.

4. Grey zones correspond to initial infiltrative tumor: proximal third
of right parametrium, dorsally. (fibrosis in clin exam)

5. “Extra”
1. No necrosis.
2. BT-related primary tumour findings reported.

3. Lymph nodes and other details not assessed.

Petric P Journal of Contemporary Brachytherapy 2014



Choice of imaging modality for IGABT
\
o \

|
Transabdominal

Transrectal

Rotatir
§9% EMBRACE study protocol,

P_-W_W .|

ULTRASOUND

Van Dyk et al. Brachytherapy 2015 Schmid MP,etaI. Radiother Oncol 2016
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Imaging Protocols MRI and CT:
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Imaging protocols MRI and CT
Modality of choice, EBRT and IGABT

Imaging modalities for EBRT and BT:
CT = gold standard for EBRT

In EBRT MRI may assist delineation
due to image fusion with CT

MRI = gold standard for IGABT

CT = alternate option
(if MRI not available)

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT

Changes during EBRT and IGABT
R

E : ; What changes do we expect during
$ radiochemotherapy?
= After 30 Gy EBRT
- Tumor regression 75 % mean GTV volume
- reduction 46%
% | 1 - Organ and Target movement AIILHGS (el
= re-planning if IMRT
= is applied
... CTV, ITV definition — central issue
for modern RT techniques e.g. IMRT
... Shrinking target and IGABT
v NS 1 Y2\
Dimopoulos J, Fidarova E: The use of sectional imaging for
= magequded ooy | | vande gunt et 08P 2005 |

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017 ‘




Imaging protocols MRI and CT
Changes during EBRT (Organ — Target Movement)

Considerable extent of internal-organ motion with uterine displacements ranging
from 8 mm up to 48 mm

Chan P et al. Int J Radiat Oncol Biol Phys 2008,;70:1507-15.
Lee JE et al. Gynecol Oncol 2007;104:145-51.
Taylor A, Powell MEB. Radiother Oncol 2008,88:250-7.
Kerkhof EM et al. Radiother Oncol 2009;93:115-21.

Most studies support that the greater impact on cervix-uterus motion is caused by
variations in bladder filling

Buchali A et al. Radiother Oncol 1999;52:29-34.

Taylor A, Powell MEB. Radiother Oncol 2008,88:250-7.
Han Y et al. Int J Radiat Oncol Biol Phys 2006,65:617-23.

One study found that the change in the rectum correlated significantly but weakly
with the motion of the cervix and uterus in the AP direction

van de Bunt L et al. Radiother Oncol 2008;88:233—40.

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRl and CT
Changes during EBRT and IGABT (Interaction)

Pretreatment CTV

Pretreatment PTV

CTV at CT scan 1
week after
treatment start

CTV motion and
regression after 4
weeks

Repetitive Imaging and Repetitive Planning:
Target regression during treatment in the presence of organ motion and deformation can
mitigate the need for a replan or ... everything may happen if a small PTV margin is applied

Stewart et al. JROBP 2010 |

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
Frequency of repetitive imaging ...

Repetitive imaging: Frequency of Imaging during EBRT
To give recommendation is outside the scope of this presentation

* Required for highly conformal EBRT !!!!
* Not able to predict changes !!!!
* Logistics !!1!

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
General Principles

| CT IMAGING FOR EBRT |

- |

o

v

| v/
>
LTI 4 J

'

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
Key issues when using CT for EBRT- Image acquisition

What are the key issues for image
acquisition when using CT?

administration of iv contrast

delayed image acquisition for
bladder visualisation

administration of oral iodine or
barium based contrast

patient positioning

|
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Imaging protocols MRI and CT
Key issues: IV contrast for EBRT imaging

-

IV contrast indicating
Uterine vessels

’ Bi-Parametrial encroachment |
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Imaging protocols MRI and CT
Key issues: |V contrast delayed image acquisition and
oral contrast

lv contrast — delayed image acquisition for bladder 1
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Imaging protocols MRI and CT
Key issues: IV contrast for EBRT imaging

, contrast — delayed image acquisition for bladder
Impact on dosimetry

Weber et al. Radiother Oncol 2001 -
Bladder opacification does not
influence dose distribution in
conformal radiotherapy of prostate
cancer

Ghosh et al. Gynecol Oncol 2001 —
However, modern TPSs allow
contouring

on series with contrast and dose
calculation on series without (see
fusion)
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Imaging protocols MRI and CT
Key issues: IV contrast for EBRT imaging
and contouring guidelines

Taylor A et al. IROBP 2005 | ' Small W et al. IROBP2008 |

It seems that there is no gold standard ... ‘
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Imaging protocols MRI and CT
Key issues: Patient positioning prone versus supine

Prone versus supine — prone is superior in some
patients, but ...

=

Weber et al. Radiother Oncol 2001 — Prone positioning has to be used with
specific imobilization devices e.g. belly board
Adli et al. JIROBP 2003 — Dosimetric results

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
Key issues: CT for EBRT- Patient preparation

What are the key issues for patient preparation?
- bladder filling
- dietary protocol?

- rectum filling

Dimopoulos J, Fidarova E: The use of sectional imaging for
Image-guided radiotherapy.
In: Viswanathan AN et al eds. Gynecologic Radiotherapy. Springer 2011
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Imaging protocols MRI and CT
Key issues: Preparation for EBRT - Bladder filling

\

Lim et al. JROBP 2011- Consensus guidelines for CTV delineation...
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Imaging protocols MRl and CT
Key issues: patient preparation for EBRT imaging
Impact of bladder filling on:

Impact on uterine position

Empty organ Full organ Differences (full versus P-value
empty organ)

Median Clysy Median Close Median Closq
C: cervix: lower margin 10 5to 17 14 7 to 21 B —ltob6 < 0.05
— symphysis
F: corpus: anterior 34 210 59 35 21 to 55 5 Ot —9 < 0.05
margin — promontorium
(: corpus: upper margin 92 70 to 100 108 7610 112 7 Jwl5 < 0.05

Impact on dose to bladder I | Buchali et al. Radiother Oncol 1999

Empty organ Full organ P-value
Median Clgsq Median Clgsq
1/2 of bladder volume All patients 935 82.0-92.5 86.5 73.4-864 < 0.05
Definitive rt 81.0 75.0-93.9 80.0 67.8-89.5 < 0.05
Post-operative rt 93.0 84.2-95.0 88.0 73.0-89.0 n.s.
2/3 of bladder volume All patients 715 68.8-83.5 60.5 56.7-72.1 < 0.005
Definitive rt 67.0 63.0-87.4 56.0 52.1-76.3 < 0.05
Post-operative rt 79.0 67.7-86.0 65.0 54.4-747 < 0.05
3/3 of bladder volume All patients 420 40.3-51.5 38.5 36.1-39.1 < 0.005
Definitive rt 42.0 38.9-60.0 39.0 35.0-40.0 < 0.005
Post-operative rt 41.0 38.2-46.7 38.0 35.8-39.7 < 0.005
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Imaging protocols MRI and CT
Key issues: patient preparation for EBRT imaging

Impact of bladder filling on:

‘ Impact on dose to rectum |

Empty organ Full organ P-value
Median Clysq Median Clyss
1/2 of rectum volume All patients 95.0 834-943 98.0 84.8-964 n.s.
Definitive rt 94.0 78.2-96.2 98.0 78.4-99.2 n.s.
Post-operative rt 95.0 83.7-97.1 98.0 86.0-98.5 n.s.
3/3 of rectum volume All patients 18.0 16.4-29.3 13.5 17.7-31.6 In.s.
Definitive rt 18.0 12.7-31.6 12.0 14.9-36.2 n.s.
Post-operative rt 18.0 14.4-327 15.0 14.5-334 n.s.

Buchali et al. Radiother Oncol 1999 I
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Imaging protocols MRl and CT
Key issues: patient preparation for EBRT imaging
Impact of bladder filling on small bowel dose

postoperative RT definitive RT

=== Large bowel
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Imaging protocols MRI and CT
Key issues: patient preparation for EBRT imaging
Impact of dietary advice on dosimetry during EBRT

' Impact of dietary advice |

e 977 prostate patients treated with IMRT (739 without and 105 with diet)
Antiflatulent dietary advice does not decrease intrafraction motion
Lips et al. JROBP 2011

* 49 prostate patients (23 without and 26 with diet)
Feces, gas and moving gas decreased significantly in the diet group
Smitsmans et al. JIROBP 2008

* No studies for GYN patients with dosimetric results
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Imaging protocols MRI and CT
General Principles

‘MR IMAGING FOR pre-RT examination|

20

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
Key issues when using MRI for pre-RT examination

Contents lists available at SciVerse ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Original article

Recommendations from Gynaecological (GYN) GEC-ESTRO Working Group (IV):
Basic principles and parameters for MR imaging within the frame of image
based adaptive cervix cancer brachytherapy

Johannes CA. Dimopoulos?, Peter Petrow ®, Kari Tanderup®, Primoz Petric ¢, Daniel Berger®,

Christian Kirisits ¢, Erik M. Pedersen ¢, Erik van Limbergen, Christine Haie-Meder®, Richard Potter ®*

*Metropolitan Hoespital Athens Greece; ® Institut Curie, Paris, France; “Aarhus University Hospital Denmark; ® Institute of Oncology Ljubljana, Slovenia; ® Comprehensive Cancef]
Center, Medical University of Vienna, Awstria; "Universitaire Ziekenhuis Gasthuisberg Leuven, Belgium; * Institut Gustave Roussy, Villejuif France
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Imaging protocols MRI and CT
Key issues for image-quided radiotherapy

'Plane orientation — orthogonal and parallel to uterine axis|
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Imaging protocols MRI and CT
Key issues for image-quided radiotherapy

j—

Highysignal intensity /:‘

- tumor mass
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Imaging protocols MRI and CT
Key issues: pre-RT MRI examination
Impact of vaginal marking

‘ Impact of vaginal marking I

at diagnosis at diagnosis
without vaginal with vaginal
marking marking

Dimopoulos et al. JROBP 2006 |
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Imaging protocols MRI and CT
Key issues: pre-RT MRI examination
Impact of peristalsis inhibition

Impact of peristalsis inhibition

’without inhibition ’ with inhibition |
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Imaging protocols MRI and CT
Key issues: pre-RT MRI examination
Impact of peristalsis inhibition

Conventional TSE Ll http://usa.healthcare.siemens.com

Propeller acquisition technique
Syngo BLADE non-Cartesian data acquisition
technique for motion correction

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017 ‘
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Imaging protocols MRI and CT
Key issues: pre-RT MRI examination
Impact of field strength

! Impact OL magnet field strength N
P

-..

! 1.5 Tesla | ’ 0.2 Teslal

' GYN GEC ESTRO recommendations Radiother Oncol 2012 |
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Imaging protocols MRI and CT
General Principles

CT — MRI IMAGE FUSION FOR EBRT
CONTOURING

29
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Imaging protocols MRI and CT
General Principles

CT and MR Imaging for IGABT
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IMAGING IN GYNAECOLOGICAL BRACHYTHERAPY

PROCEDURE ,,STEP BY STEP“
5 A

™

\\, IMAGE GUIDED

™
\ IMAGE GUIDED

\ TUMOR TREATMENT
ASSESSMENT < PLANNING

\\ / MODERN BRACHYTHERAPY A

~ ™,

A ROLE OF IMAGE “_ IMAGE GUIDED

' IMAGE GUIDED MODALITIES ' CALCULATION
( APPLICATION I — k OF DVH-

PARAMETERS

N, .~ Ly AN

"\ IMAGE GUIDED
' TARGET AND

( ORGAN
DELINEATION

/ IMAGE GUIDED

OUTCOME
PREDICTION



GYNAECOLOGICAL BRACHYTHERAPY — MRI

Gold Standard for Image-Guidance
of cervical cancer brachytherapy

—  — —

\ ROLE OF IMAGING MODALITIES
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ROLE OF IMAGING MODALITIES - MRI
GEC ESTRO RECOMMENDATIONS!

RADIOTHERAPY
& ONCOLQ(_]Y

i

Radiotherapy and Oacalogy 74 (2005) 235245

Recommendations from Gynaecological (GYN) GEC-ESTRO
Working Group™ (I): concepts and terms in 3D image based 3D
treatment planning in cervix cancer brachytherapy with emphasis

on MRI assessment of GTV and CTV
Christine Haie-Meder™™, Richard Potter”, Erik Van Limbergen®, Edith Briot®,
Marisol De Brabandere®, Johannes Dimopoulos®, Isabelle Dumas®, Taran Paulsen Hellebust®,

Christian Kirisits”, Stefan Lang”. Sabine Muschitz”, Juliana Nevinson®, An Nulens®,
Peter Petrow', Natascha Wachter-Gerstner”

ESTRO project

Recommendations from gynaecological (GYN) GEC ESTRO working
group (II): Concepts and terms in 3D image-based treatment planning
in cervix cancer brachytherapy—3D dose volume parameters and
aspects of 3D image-based anatomy, radiation physics, radiobiology

Richard Potter®*, Christine Hale-Meder®, Erik Van Limbergen©, Isabelle Barillot?,

Marisol De Brabandere®, Johannes Dimopoulos®, Isabelle Dumas®, Beth Erickson®,
Stefan Lang®, An Nulens®, Peter Petrow’, Jason Rownd®, Christian Kirisits®

|
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Imaging protocols MRI and CT
Key issues when using CT or MRI for IGABT

Target, OARs, Applicator, Patho-anatomical structures

-

OAR
MRI: organ wall is visible Applicator
CT: organ border is visible MRIt
' CTt

.
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8
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»
AAAA

patho-anatomical
Heltp Structures
MRI: HR-CTV, GTV MRIt
CT: only HR-CTV cTd
(soft tissue depiction )

Viswanathan et al. JROBP 2007 I
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Improvement with specific

PLANE COVERAGE-BO
T2 axial discus L5 infer
T2 sagittal pelvic wall (obturator muscle) pelvi
T2 frontal or IR, R )
frontal oblique entire uterus - cervix - vagina - tumor L e ~4"'/ 7 v
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GEC-ESTRO HANDBOOK OF BRACHYTHERAPY

Parasagittal orientation r1
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Key issues when using MRI f}
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Imaging protocols MRI and CT
BT MRI examination
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Imaging protocols MRI and CT
Key issues for image-quided radiotherapy
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Imaging protocols MRI and CT
Key issues when using MRI for IGABT

| Target / Patho-anatomical structures / GTV, HR-CTV contouring on MRI I

o Beade, .

Gross tumour
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Imaging protocols MRI and CT
Key issues when using CT for IGABT

Target / Patho-anatomical structures / GTV, HR-CTV contouring on CT 1

GTV-contouring as it is done on MRI
is not possible on CT!

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
Key issues when using MRI or CT for IGABT

Patho-anatomical structures CT/MRI

parametrial
space

parametrial
space

Viswanathan et al. JROBP 2007 ’ Dimopoulos et al. JROBP 2006
Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
Key issues when using MRI or CT for IGABT

Organs at Risk - MRI

> %
. Saarnak et al. / R&0 2000 |mapoutos, p petrow, prag. Viswanathan et al. 11R0BP 2007 |, ‘




Imaging protocols MRI and CT
Key issues when using MRI or CT for IGABT

Applicator MRI /CT |
s

“ . | !
| TANDEM |

-~ »
P =
el -~
N P & 4
- ;. © -

- Wi

-

™

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prag| Viswanathan et al. JROBP 2007 l)17




Imaging protocols MRI and CT
Key issues when using CT for IGABT

Applicator CT ‘

— Level of cervix

| intrauterine parametrial needles |

tandem

" Bladder
catheter

ring applicator

] intrauterine
tandem

Imaging protocols CT and MR, J . ‘ public, 22.10.2017 - 26.10.2017




Imaging protocols MRI and CT
Key issues when using MRI for IGABT

‘ Applicator MRI ‘

T2 - weighted

poor quality

| improvement for needles / loss of soft tissue depiction quality I

|
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Imaging protocols MRI and CT
Key issues when using CT for IGABT

Improvement with specific protocol

Imaging protocols CT and MRI, JCA Dimopoulos, UTRECH!., — V_ISW_a n_ath-a 'n f.t_c_l.l'_ {J_R.OB.P_%O_OZ-




Imaging protocols MRI and CT
Key issues when using MRI for IGABT

| Improvement with specific protocol

at diagnosis at diagnosis
without vaginal with vaginal
marking marking

at brachytherapy
with specific protocol

Imaging protocols CT and MRI, JCA Dimopoulos, UTREC ‘ —— l?lmiyp_oulc-)fe_t 9!1{6981.3 g .Ogi-




Imaging protocols MRI and CT
Key issues when using MRI or CT for IGABT

Multiplanar Imaging CT / only with reconstruction
(improvement with specific protocols and modern scanners)

‘ uterine border/pre-vesical space

invisible

| uterine border/pre-vesical space visible




Imaging protocols MRI and CT
Key issues when using MRI or CT for IGABT

‘ Multiplanar Imaging CT / only with reconstruction
(improvement with specific protocols and modern scanners)

’ Lateral uterine/tumour border not visible | ‘ Lateral uterine/tumour border visible |

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017 ‘




Imaging protocols MRI and CT

Image acquisition protocol and patient preparation
For pre-RT MRI scan and BT MRI scan

INTRACAVITARY SEQUENCE g PLANE COVERAGE
PROTOCOL cn®
FILLING / DEVICES | pronty |»® e orerEton mdination upper / laeral / anteror lower / |atera / posteror
v 1|T2FSE po para-axal yes. perpendicular © long axs of cervix e ::;".'“ " ORIVIX - VIGINA - | entre uterus - cervix - agina - tumor
....... o SR S USRS Lo tuthuiiviuvua . At i i o il i i g i i i
L 4 14— S — B paligwal (cotuaior musole. | onlve wall (obbratormusde) ... |
nra egna 3|T2FSE recoronal ralel to he long aes of cervex uen R oY A .-
pre-RT MR! scan e L S el i - - onhas s ngessemsizai 1 A R L e St P P e B,
nieror border of symphysis pubis,
contrast Y 4|T2FSE po a3 nore discus L4-L5 wagna if nwlwed distally. inguna
regons if distal veginal nwlwement |
nferor border of symphysis pubis
o 5[T1FSEor3DGRE o ¢3! none discus L4-L5 nguind regions  distal \agina
oyayemant
O |B[TIFSEor3DGRE [pes |sagitd nors ir:: WIS - BNV - VAN - | o tre uteris - cerviX - \SQIna - tumor
~ ~beimr entre yierus - cervx - vagina -
O FSEor3DGRE = e nore wamar = entre Wterus - 0BrviX - WEgIna - tumor
T >2-3cm below lower surface of vagina
no mrawegna contast v 2FSE o parz>aaal yes perpendicuiar © mtrautesne dewce above uerne corpus 8 s
apphcator and vagina if involved du nlly
BT MRiscan (| N SRR ST S —— S S e g et e e e e
nta@gral apphoatr v 2|T2FSE po parssagtal yes. paralel to intauerine devoe pevicwal (cbturator muscie) | pelwe wall (obturator musde)
M |3|T2FSE o |para-coonal yes. paralel to inTauerine devce f:; WISTUS - OBV - VIgine -
—
~ sltoe=s - LI P >2-3cm below lower 5«1!3:2 of wagina
o 2FSE 363 u P applicator and vagina if involved distalhy
L N ‘e 1y
- 53D T2FSEimrone  fho large cowerage inherentin this | Brge covemge inherent in this
coronal or eal with l— SeQusncs B S 3
- ~ —-5- FLASH (23 reconsticions
O 8 T GRE an o 3t Bast whole appicaor & least whole spolicator
oS '

GYN GEC ESTRO recommendations Radiother Oncol 2012
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Imaging protocols MRI and CT

Image acquisition protocol and patient preparation

For pre-RT MRI scan and BT MRI scan

Sequence parameters
PROT T - - - - T
orocot Fasat |[TR(ms) [TE(me)|ETL [FOViem) [M(§ |Mip) [Nex [BW' [Sw INeW -
no 2000-5000/90-120 |4-20 [35x 2 512| 298| 2| |34 |yes [umMOrevauaton, pelvc lymph nodes,
—— - o —— v — - - - mm(m—— ————————————————————— -
02 = |SO202000-120 14:20 202 8 2121 2501 2l W5 _ les . ku‘ama:ws:m}mo_ ............
e T e a umor @valuaton, pelwe lymph nodes,
pre-RT MR scan | 2000-500090-120 |4-20 |35x D $12| 2% 2| %34 |yes parametrium
o eal o = umor evaluaton, pelwe and inguinal (if dstal
no 2000-5000|90-120 |4-20 |35x @ 512| 256 2| W5 |yes \aginal invol Y s, pavametrium
00700 - as sl o o - Jpelvec and inguinal (if distal vaginal involvement)
nones 500700 |10-2 |[NA |35xD 512 2568| 2| %|57 |es e
noves (500700 [0 INa x> [ 28| 25| 2| |35 fes “"T,"""., R, Anot Ywesonant e se
e
Sosrave
noves (500700 [0 INa fasxd [ 28| 28| 2| |25 hes [T u""»?'“’"' Y onion antwel sse
al 2 - target valume (GTV,HRCTV, IR CTV) and organ
J— no 2000-5000|90-120 |4-20 [35x2D 512| 258 2| %35 |yes atrisk evauatonoontouring, pelvic hymph nodes
sl = - wrget vaume (GTV, HRCTV, IR CTV) and organ
no 2000-5000190-120 |4-20 |34 x®© 512] 2% 2| %35 |yes atrisk e valuaton/oontouring, pelvic 6
a0 lsa 0 - s12| 2 - 5 wrget valume (GTV, HRCTV, IR CTV) and organ
P RINNN-00 (620 NxD E M [ G e atnskevauatoncontouring, pelvc ymph nodes
. - I = for contouring in trestment planning systems wh
no 2000-5000|30-120 |4-20 |35x @ 512| 256 2| w35 pes | etofgan ip
sion with para-axal for appicator reconstructon
-~ |and oonourna
.
no see rerences [22 45-58 for ssquence parameers fasion wilh pi ik bfreconstncionl

| GYN GEC ESTRO recommendations Radiother Oncol 2012
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Imaging protocols MRI and CT
General Principles

ADVANCED MR IMAGING
FOR
EBRT AND IGABT

56
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Imaging protocols MRI and CT

ADVANCED MRI

™ | Cervical Cancer ‘

— e’ D "*P—._‘

N

( MRI

™,
\ GYN BRACHY

( IMAGING
MODALITIES

3.0T versus 1.5T MRI- image quality and

contrast of zonal anatomy and cervical

o d structure superior on 3.0T
- fltaoka et al. ] MAGN RES IMAG 2007; 25: 527-534.
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Imaging protocols MRI and CT

ADVANCED MRI

| Cervical Cancer ‘

2

™

\,- GYN BRACHY
IMAGING
MODALITIES

3.0T MRI interobserver Study
2D versus 3D T2 weighted Imaging
2D double oblique sequence superior due to
less motion artefacts Less scanning time

Dempsey et al. ] Contemp Brachyterapy 2014; 6(1): 3-9 |
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Imaging protocols MRI and CT
ADVANCED MRI

l \
‘ Current investigation: Dimopoulos JCA, Varaki K et al. I
, | vear | ] .

' Diffusion |

{ T2 weighted images
Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017
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Imaging protocols MRI and CT
Conclusions

Imaging modalities for EBRT :
-CT = gold standard for EBRT
Key issuses for image acquisition and patient preparation:
IV and oral contrast
Delayed acquisition for bladder
Filled bladder
Patient positioning: e.g. belly board
Dietary advices
Most authors recommend repetitive-imaging, especially for IMRT
-MRI may assist delineation for EBRT due to fusion with CT, but it is required for IGABT
specific protocol is required (see GYN GEC ESTRO recommendations)

Imaging modalities for BT:
-MRI = gold standard for BT
Key issues for image acquisition:
see GYN GEC ESTRO recommendations (ADVANCED MRI ')
-CT = alternate option (if MRI not available)
Key issues for image acquisition
retrograde contrast to bladder
IV contrast
multiplanar imaging

Imaging protocols CT and MRI, JCA Dimopoulos, P Petrow, Prague, Czech Republic, 22.10.2017 - 26.10.2017
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Definitions (upcoming definitions in the frame of adaptive thinking)

GTV = Gross Tumor Volume
Macroscopic tumor, visible clinically and with imaging

CTV = Clinical Target Volume

Tissue volume that contains a GTV and/or subclinical
microscopic malignant disease, which has to be
eliminated

ITV = Internal target volume

Volume that accounts for internal inter- and intra-fraction ICRU reports
motion and deformation of the CTV
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The CTV of the primary tumor always includes ?

. GTV
Remaining unaffected cervix
Parametria

. Uterus

m o 0 ® >

Upper Vagina
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Involved organs (FIGO IVA)
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GTV (GTV initial)

GTV is composed of

* Primary tumor

* Macroscopic lymph node
metastases

High signal intensity on T2 weighted MRI

(@ 1s

Para-transverse at DG C.
ContourPoint
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www.contourpoint.com
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GTV

Consists of Primary Tumor and nodal GTV (GTV-Tinitial and GTV-Ninitial)

Different imaging modalities are currently used in clinical routine !

Clinical Examination Imaging (MRI, PET CT, US) Invasive

For GTV contouring combine information from different modalities !
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Initial GTV contouring (“composite GTV*)

Co-registration of different imaging modalities?

Imaging in same (treatment) position: CT, MRI, PET-CT simulator

CT simulator CT+ T2w MRI CT+PET

N;.C g
Example; NCCCR, Doha, Qatar

 Combined imaging answers many questions, but opens
some new ones...

 Don’t forget clinical judgment !
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Initial CTV components

CTV has components of Primary tumor + Nodal CTV

[ Primary tumor related CTV components :]

S

GTV )} HR-CTV-T initial
Remaining unaffected cervi

Parametria = LR-CTV-T initial
Uterus
Vagina
Involved organs (FIGO IVA) -

[Nodal CTV related components: ]

Elective draining lymphatic regions (vessel orientated) CTV-E
CTV’s for affected lymph-nodes CTV-N

y 4 -



Initial CTV components: GTV-Tinitial

GTV (GTV-T initial)

Cervix

Parametria

Uterus

Upper Vagina

Involved organs (FIGO IVA)



http://www.contourpoint.com/

Initial CTV components: HR-CTV-Tinitial

e GTV

* Cervix

* Parametria
* Uterus

* Upper Vagina

* Involved organs (FIGO IVA)

]- HR-CTV-T initiai



http://www.contourpoint.com/

Initial CTV components: LR-CTV-Tiitia

Parametrium = the lateral extension of the uterine subserous connective tissue into the broad ligament

© GV

* Cervix

* Parametria
* Uterus

* Upper Vagina
* Involved organs

Anatomical boundaries
Anteriorly

Posteriorly

Laterally

Superiorly

Inferiorly

C
ContourPoint

m

Posterior wall of bladder/bowel loops or posterior border of external iliac vessel
Uterosacral ligaments and mesorectal fascia

Medial border of internal obturator muscle/ pelvic sidewall

Top of fallopian tube/ broad ligament

Depending on vaginal tumor extension, pelvic floor



http://www.contourpoint.com/

Initial CTV components: LR-CTV-Tiitia

T = R R —| ContourPoint

From original publication: Lim K, et al. [JROBP 2010:

metrial volume. Laterally, the parametrial volume should ex-
tend to the pelvic sidewall (excluding bone and muscle). It is
acknowledged that there would be some overlap of this vol-
ume with the nodal CTV, particularly along the obturator

ﬂ strip. The pelvic sidewall was considered a more consistent
N —
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Initial CTV components: LR-CTV-Tiitia

e GTV

* Cervix

Parametria

Uterus

Upper Vagina

Involved organs (FIGO IVA)

Lim K, et al. IJROBP 2010


http://www.contourpoint.com/

Why the entire uterus?

Rationale

Uterus & cervix: embryological one unit
e interconnected lymphatics
* no separating fascial plane

Challenging to determine myometrial invasion

Trachelectomy, early stage disease?:
* Local recurrence <5 %, Mortality < 3%
e Uterine recurrences®<d 2 %

Trachelectomy, tumor > 2 cm or lymphovascular invasion@:
* Local recurrence up to 10 %

Allowing for some dose reduction to the fundus in cases
without uterine infiltration will be investigated in future

Lim K, et al. IJROBP 2010 ¢Diaz JP, et al. Gynecol Oncol 2008
aPlante,M. Gynecol On dHertel H, et al. Gynecol Oncol 2006
bBali A, et al. Gyneco eNishio H, et al. Gynecol Oncol 2009




Initial CTV components: LR-CTV-Tiitia

Amount of vagina selected for target delineation is depending on vaginal tumor extension

In any case: at least 2 cm caudal to vaginal extension of GTV

e GTV

* Cervix

* Parametria
* Uterus

e Vagina with varying length
* Involved organs (FIGO IVA)

| Sagittal at DG r—

7
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Fornix. Oorno invasion




Initial CTV components: LR-CTV-Tiitia

In case of infiltration into bladder, rectum,
mesorectum, sacro-uterine ligaments :
2 cm margin into unaffected tissue

GTV
Cervix

Parametria

Uterus

Upper Vagina

Involved organs (FIGO IVA)




Initial CTV components: LR-CTV-Tiitia

Overall risk of ovarian metastases is small, increased risk reported for

¢ GTV )

* Cervix

* Parametria

e Uterus = | R-CTV-T initial
* \Vagina

* Involved organs (FIGO IVA)

e (Qvaries?

adeno/adenosquamous histology, even micro-invasive
high grade and LVSI

extension into the uterine corpus

ovaries can be highly mobile !
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The CTV of the primary tumor always includes ?

. GTV
Remaining unaffected cervix
Parametria

. Uterus

m o 0 ® >

Upper Vagina
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Involved organs (FIGO IVA)
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EMBRACE i
CTV-T: initial GTV, HR-CTV-T, LR-CTV-T for Stage IB1

HR CTV-Tiaisa LR CTV-Tinisa
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CTV-T: initial GTV, HR-CTV-T, LR-CTV-T for Stage IlIB

EMBRACE i




CTV-T: initial GTV, HR-CTV-T, LR-CTV-T for Stage IVA

EMBRACE i




Nodal CTV (CTV-E)

Lymph nodes are located around vessels

* Paraaortic

e Common iliac
 Externaliliac
* Internaliliac
e Obturator

* Presacral

* Inguinal (in stage llla) Paracenvicd

Nodal CTV contouring = Delineation of vessels with margins
Which margin/s are necessary ?

y 4




The margin needed to include 99% of
detectable lymph nodes is?

A.
B.
C.
D.
E.
F.

5mm

7 mm

10 mm

5 mm with small adaptations
7 mm with small adaptations
10 mm with small adaptations




Nodal CTV (CTV-E)

Taylor A et al., JROBP 2005

Ultrasmall Particles of Iron Oxide (USPIO) data

* 20 patients, gynae cancer

e USPIO administered

e All nodes outlined

— 61 nodes / patient
— 1to 12 mm short axis

e Muscle and bone excluded

3D margin around vessels (mm)

3 5 (7 ) 10 15
Nodal coverage 56 % 76 % 88 % 94 % 99 %
Bowel Vin PTV - - 190 cm3 | 266 cm3

:147 cm3)

7 mm margin with minor adjustments: 99 % coverage of lymph nodes

et al. Mapping pelvic.lymph nodes: guideline‘ delineation in intensity-

TaylorA, Rockal AG
modulated,radioth

. Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.




Nodal CTV (CTV-E)

Taylor A et al., IJROBP 2005

7 mm margin with minor adjustments: 99 % coverage of lymph nodes

Common iliac nodes can lie in
lateral and posterior spaces

sl L & 3

Rockal AG et al. Mapping pelvi
adioth . Radiation Oncology Bi

mph nodes: guidelineSfér delineation in intensity-
Phys., Vol 63.n0.5, 1604-1612, 2005.




Nodal CTV (CTV-E)

Taylor A et al., IJROBP 2005

7 mm margin with minor adjustments: 99 % coverage of lymph nodes

Contour must extend fully to
pelvic sidewall

mph nodes: guidelineSfér delineation in intensity-
Phys., Vol 63.n0.5, 1604-1612, 2005.

Rockal AG et al. Mapping pelvic
adioth . Radiation Oncology Bi



Nodal CTV (CTV-E)

Taylor A et al., IJROBP 2005

7 mm margin with minor adjustments: 99 % coverage of lymph nodes

[N .
Extend 10 mm in front of external
iliac vessels along iliopsoas m.
‘\ Ay ™
B b -

A‘

TaylorA, Rockal AG et al. Mapping pelvic.lymph nodes: guideline‘ delineation in intensity-
modulated,radioth . Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.



Nodal CTV (CTV-E)

Taylor A et al., IJROBP 2005

7 mm margin with minor adjustments: 99 % coverage of lymph nodes

Join external & internal iliac contours,

aq

Presacral nodes: keep 10 mm
in front of sacrum

mph nodes: guidelineSfér delineation in intensity-

e A
Rockal AG et al. Mapping pelvi
adioth . Radiation Oncology Bi

Phys., Vol 63.n0.5, 1604-1612, 2005.




Nodal CTV (CTV-E)

Taylor A et al., JROBP 2005

Recommendations for pelvic nodal CTV delineation
*  Uniformly draw a contour around the pelvic blood vessels by 7 mm.
* Include all visible nodes and exclude muscle and bone from the volume.
* Ensure the lateral border of the volume extends to the psoas muscle and pelvic sidewall.
* Continue the medial border around the external iliac vessels posteriorly, parallel to the sidewall,
until it joins the medial contour of the internal iliac vessels to encompass the obturator region.

This creates a strip medial to the pelvic sidewall that should be at least 18 mm wide.

* Toinclude all the lateral external iliac nodes, extend the contour around the external iliac artery
anterolaterally along the iliopsoas muscle by an additional 10 mm.

* To cover the presacral region, connect the volumes on each side of the pelvis with a 10-mm strip
over the anterior sacrum (S1 and S2)

TaylorA, Rockal AG et al. Mapping pelvic.lymph nodes: guidelinesfér delineation in intensity-
modulated,radioth . Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.




Taylor A, Rockal AG, Reznek RH et al. Mapping pelvic lymph nodes: guidelines for delineation in intensity-
modulated radiotherapy. Int. J. Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.



- - -
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Taylor A, Rockal AG, Reznek RH et al. Mapping pelvic lymph nodes: guidelines for delineation in intensity-
modulated radiotherapy. Int. J. Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.



Taylor A, Rockal AG, Reznek RH et al. Mapping pelvic lymph nodes: guidelines for delineation in intensity-
modulated radiotherapy. Int. J. Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.



Taylor A, Rockal AG, Reznek RH et al. Mapping pelvic lymph nodes: guidelines for delineation in intensity-
modulated radiotherapy. Int. J. Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.




(h)

Taylor A, Rockal AG, Reznek RH et al. Mapping pelvic lymph nodes: guidelines for delineation in intensity-
modulated radiotherapy. Int. J. Radiation Oncology Biol. Phys., Vol 63.n0.5, 1604-1612, 2005.



Nodal CTV (CTV-E)

Ultrasmall Particles of Iron Oxide (USPIO) data
Vilarino-Varela MJ, et al. Radiother Oncol 2008
A verification study

* 10 patients

* Inexperienced radiation oncologist trainee
— Contouring on pre-contrast MRI
— Respecting Taylor recommendations

e Post-contrast (USPIO) nodal outlines were then revealed

99 % of nodes
- were covered by

the trainee

—er
—\\(

ela MJ,MII Aetal. Radiotherﬂ and Oncology 89 (20055, 192-196




RTOG, GOG, NCIC, ESTRO, ACRIN Consensus

Small W, et al. JROBP, 2008

(postoperative setting)

Pelvic nodal groups for cervix and endometrial cancer
contouring

e Common iliac
e Externaliliac

* Internaliliac

Presacral (cervix cancer and endometrial cancer with cervix invasion)

Small W, Mell LK, Anders et al. Consensus guidelines for deineation of clinical target volume for
Intensity-modulated erapy in postoperative treatment of endométfial and cervical cancer. Int.

J. Radiation Onc ys., vol 71, No.2, 428:434, 2008



» Upper border: 7mm below L4/L5

 Margin: 7 mm with modifications

Exclude muscles, bones, bowel

CIA group: - -
- ~

’
-

V 2

Small W, Mell LK, Anderson P et al. Cons US guidelinesfor deineation of clinical target volume for intensity-

modulated pelvic radiotherapy in pbstopera e treatment of endometrial and cervical cancer. Int. J. Radiation
N\l ()
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Preascral (in front of S1 & S2):
Post. Border: sacrum (no foramina)

Ant. Border: 1.5 cm in front of sacrum

-

CIA Group:

Exclude muscles, bones, bowel

3
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Taylor vs. Small

DO B

Taylor 2007

~ Small 2008




Elective nodal CTV: Caudal extension

Transition zone goes down to the pelvic floor (usually at the upper part
of the obturator foramen, below femoral head, were internal iliac vessels

enter or leave the true pelvis)

From EMBRACE protocol




Elective nodal CTV: Caudal extension

» In case of distal one third vaginal involvement

* Include inguinal nodes continuously from the external iliac
nodes at least 2 cm caudal to the saphenous/femoral
junction/upper edge of trochanter minor

W

I

Deep \

Femoral vein ) M

Saphenofemoral
junction

Superficial

Great
saphenous
vein

femoral
triangle

femoral
artery )
=~ femoral vein

adductor longus
muscle

sartorius
muscle

Ng et al., Australasian Gastrointestinal Trials Group
(AGITG) Contouring Atlas and Planning Guidelines for
Intensity-Modulated Radiotherapy in Anal Cancer, Int. J.
Radiation Oncolg

., Vol 83, 1455-1462, 2005.




Elective nodal CTV according to risk on nodal spread

Risk profile according to EMBRACE Il study protocol

* Intermediate risk: upper border level of aortic bifurcation or defined by bony anatomy (L3/34)
* High risk: Depending on extension of nodal disease into common iliac region consider or > 3
pelvic nodes:
inclusion of low PAO region up to renal vessels (L2),
extension of at least 3 cm above highest affected node
* Low risk (stage IB1, NO, PEC):
Upper border:
common iliac bifurcation

L4
,' A




Total CTV for definitive cervix cancer EBRT

Initial CTV-T + CTV-E

Para-transverse at DG C.
l 18 EH 225 Elt-: ContourPoint
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The margin needed to include 99% of
detectable lymph nodes is?

A.
B.
C.
D.
E.
F.

5mm

7 mm

10 mm

5 mm with small adaptations
7 mm with small adaptations
10 mm with small adaptations




ITV-T — Internal Target Volume

ITV = CTV + margin for internal motion & deformation

« Several studies deal with tumor motion
 MRI studies provide best insight
« Large inter- fraction motion is found in majority of studies

From: Lim K, et al. Image guidance...In: Viswanathan et al., eds. Gyn Radiat Oncol. Springer 2011

Chan P, et al. IJRO 8, Taylor A, et al. Radiother Oncol 2008, Georg D, et al. Strahlenther
Onkol 2006, R . Radiother Oncol 2003, van de Bunt L, et al.;Radiother Oncol 2008,

Beadle BM, e 2009, Dimopoulos J, et al. Strahlenther Onkol 2009.




ITV-T — Internal Target Volume

ITV =CTV + margin for internal motion & deformation

Author (year) Van de Bunt (2008)
Mumber of patients n =20 (not stated) n=20[47 years (33-T0)]
[median age (mnge)]
Methods Cervix cancer Cervix cancer
MRI baseline & weekly MRI & cine MRI - done baseline & weekly during standard EBRT

Target motion not directly measured. Margins Point of interest shudy — uterine fundus, uterine canal & cervical os
required to encompass GTY & CTV from week
to week used as a surrogate for target shifts

Margin recommendations for ITV range from 10 — 24 mm

Inf= & Inf= &
Ant/post (mm) Ant=12 Ant = 24 AP= 145 AP=13.1 AP=11.2
Post= 14 Post=17
Lefi/fmight {mm) Rt= 12 Rt= 12 - - -
Lt=11 Lt=6
Comments Bladder & bowel prep. not specified Bladder & bowel prep, specified
CTV-PTY margins recommendation: Suggested inter-fraction margins — fundus (10-40 mm); canal (10-25 mm],
o8 (10-15 mm)
Ant =24 mm; Post= 17 mm; Rt= 12 mm; Intra-fract on motion measured from 11,564 cine MR frames
Lt=16mm; Sup = 11 mm; Inf=8 mm Suggested intra-fraction margins- fundus {10 mm), canal (50 mm}, os (5 cm)

-
-
-
-
-
-
]
]
]
]
]
-
]
]
]
]
]
]
]
]
]
]

Lim K, et al. Image guidanee...In: Viswanathan et al., eds. Gyn Radiat Oncal. Springer 2011
Chan P, et al. [JIR@BP 2008; van de Bunt L, et al{ Radiother Oncol 2008




Target (CTV-T) motion during EBRT

5 consecutive MRI’s during EBRT
s * Impact of changes in bladder and

v S\ bowel filling on position changes of
Low impact } ‘ G\ uterus
,. L N Not only one organ is responsible
S Wik
e A
Y £ ’ 1
(S N
Low impact
High impact
of bladder
and bowel
GTV
CTV
PTV High impact

of bladder
Van de Bunt et al 2008



ITV-T — Internal Target Volume

Nodes also move! (a little)

* 48 nodes, 15 patients, repeat MRI during EBRT

e Position shift in 6 directions assessed

e Affected nodes also change their position

e Order of magnitude lower than for primary GTV (< 10 mm)

Maximal margins (computer)
9
8
7
~ 6
Es
2 41—
=3 * * *
21 & 4
1 4
0
med lat ant post sup inf

Schippers M, et al. 2011‘




ITV-T based on standard margin approach

Smm CTV-TLR (CT)

ITV-TLR

From EMBRACE Il protocol

y 4 -



ITV-T based on individualized margin approach

CTV-T LR (CT)

ITV-TLR

From EMBRACE Il protocol

y 4 -



Conclusions for target contouring

GTV, CTV, ITV concept is complex
CTV consists of primary tumor and nodal components

International consensus exists for contouring guidelines
with small matters of debate

ITV concept is developed to account for target and OAR
motion and deformation

ITV-T can be individualized

Nodes move a little, too!

Position verification issues will be addressed later!!

y 4




From EMBRACE Il protocol

9.4 CONTOURING OF ORGANS AT RISK, REFERENCE POINTS

The outer contour of the following organs should be delineated separately:

Bladder Whole organ including the bladder neck

Rectum From the ano-rectal sphincter to the recto-sigmoid junction
Sigmoid From the recto-sigmoid junction to the left iliac fossa
Bowel Outer contour of bowel loops including the mesenterium

Femoral heads Both femoral head and neck to the level of the trochanter minor

Reference points:
Vagina Lower and mid-vagina doses (PIBS, PIBS + 2 cm)

For para-aortic irradiation in addition:
Kidneys Outer contour excluding renal pelvis

Spinal cord Quter contour

Optional (if para-aortic RT above L1 is applied):

Duodenum Whole organ

In case of ovarian transposition

Ovary Quter contour




MRI- vs. CT-based contouring of OAR

COMPUTED TOMOGRAPHY VERSUS MAGNETIC RESONANCE IMAGING-
BASED CONTOURING IN CERVICAL CANCER BRACHYTHERAPY:
RESULTS OF A PROSPECTIVE TRIAL AND PRELIMINARY GUIDELINES
FOR STANDARDIZED CONTOURS

Axma N. ViswanatHan, M.D., M.P.H..* ]UHA._\'NES DivopouLos, M.D.,} CHRISTIAN Kirisits, Sc.D..'
DanieL BErcer, M.Sc.,” anp RicHArD PoTreEr, M.D..'

Conclusion: Computed tomography-based or MRI-based scans at brachytherapy are adequate for OAR DVH
analysis. However, CT tumor contours can significantly overestimate the tumor width, resulting in significant
differences in the Dy, 1)y, and volume treated to the prescription dose or greater for the HR-CTV compared
with that using MRI. MRI remains the standard for CTV definition. © 2047 Elsevier Inc.

Common opinion
CT is OK for OAR, but suboptimal for HR CTV and IR CTV

...oversimplification for the OAR?

Viswanathan AN, et al.



Background

Tolerance of normal pelvic structures
1 Limiting factor

Applying the dose to the target volume

BRACHY*

| v '

Week 3 Week 4 Week 5 Week 6 Week 7

Inhomogeneous!

*Example: Treatment ﬂ cervix cancer. Inst of Oncol Ljubljana (biologically equivalent doses!, LQ model)

Week 1




Anorectum

ovary

L Ay 3 = sigmoid colon Recto-sigmoid
B | e 1 1 +———uterus L <

urethra
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http://wikidoc.org/images/e/e3/Fem_isa_2.gif

Anorectum

Varying definitions of rectum in RT studies and practice

@ Superior:
Rectosigmoid junction
12 cm from the anus
Top of acetabula
At the level of = S3
Inferior level of sacroiliac joints
1 cm above the PTV
O Inferior:

Anal verge
Ano-rectal junction
1cm below PTV
Ischial tuberosities

Ischial tuberosities + 2 cm
Circumferential:

Rectum + ts
B -



http://wikidoc.org/images/e/e3/Fem_isa_2.gif

Pelvic Normal Tissue Contouring Guidelines for Radiation Interrational Joumal of
Therapy: A Radiation Therapy Oncology Group Consensus Radiation Oncology

Panel Atlas A n O re ct u m biolagy » physics

Empty the rectum at EBRT simulatio
Avoid systematic error in PTV coverage
Delineate Rectum + contents

Recto-sigmoid ; :
junction -

Where rectum looses round shape in axial plane & loops
anteriorly to connect with sigmoid colon Commonly:
close to inferior level of Sl joints.

Ano-rectal sphincter

Use metallic marker at anal verge. Commonly:
From: RTOG atlas ‘ bottom of ischial tuberosities

Separate delineation of anus not specified...

Gay H, et al. Int J Radiat Oncol Biol Phys 2012;83(3):353-362.

http://www.rteg.org/CorelLab/Co /Anorectal.aspx
Michalski 2010 IJROBP



http://www.rtog.org/CoreLab/ContouringAtlases/Anorectal.aspx

Anorectum: separate delineation of anus?

Ongoing discussion

Special BT situations: high anal dose

Separate delineation of anus

for dose assessment!



Bladder b
biolog

Pelvic Normal Tissue Contouring Guidelines for Radiation
Therapy: A Radiation Therapy Oncology Group Consensus

Pa nel At las Received Oct 24, 2011, and in revised form Jan 4, 2012, Accepted for publication Jan 5, 2012

Table RTOG male and female pelvis normal tissue consensus definitions

Standardized Tumor

Organ TPS name cate gory Consensus definition
Bladder Bladder GU. GYN, Inferiorly from its base and superiorly to the dome.
GI

n Delineate outer contour including bladder neck

Not only urine!

oM
4

= Bladder dome

=
-

% [ Urethro-vesical | *
junction 'Y

iy 4

Gay H, et al. Int J,Radiat On -'/ S 2012;83(3):353-362.



Bladder

Challenges

e Highly distensible, V depends on filling

* Moving (positioning, respiration, bowell filling)

 SimDVH unlikely the same as TxDVH...

* Aim at constant bladder filling (difficult to maintain)

* Different regions — Different endpoints

Hellebust TP, Radiother Oncol 2001

Radiother Oncol 2003
BP 1997 @
al. IJRO




Interratic oumal of
Radiation Oncology
biolo i

gy » physics

Sigmoid colon

Pelvic Normal Tissue Contouring Guidelines for Radiation
Therapy: A Radiation Therapy Oncology Group Consensus

Pa n'EI. At I.as Received Oct 24, 2011, and in revised form Jan 4, 2012, Accepted for publication Jan 5, 2012

Table RTOG male and female pelvis normal tissue consensus definitions

Standardized Tumor
Organ TPS name category Consensus definition
Sigmoid Sigmoid GYN Bowel continuing where the AnoRectum contour ended. Stops before connecting

to the ascending colon laterally. Contoured when a brachytherapy applicator
rests in the uterus. Any sigmoid adjacent or above the uterus, as well as the
brachytherapy applicator, should be contoured.

i To: junction with
ascending colon

From: Recto-sigmoid

Ny junction
Gay H, et al. Int,J Radiat On

co ;83(3):353-362.
GEC ESTRO Recommendati



Bowel

General Remarks (uncertainties)
* Missing Clear Links between DVH parameters and Toxicity
 Bowel =Small + Large Bowel in most studies
* Highly mobile organ:
Only = 20% occupies same position during the course of treatment

— Blurring the evidence on DVH - Toxicity relations

Kavanagh BD, et al. IJROBP 2010
Muren LP. Radiother Oncol 2003
Kvinnsland Y. Radiother Oncol 2005
i . Radiother Oncol 2006
adiother Onco
Oncol 2




Bowel: What to contour?

High mobility > A need for a margin (PRV)?

Hysing 2006: Bowel location probability mapping

~10 mm margin around visible bowel loops proposed

Hysing LB. Radiother Oncol‘



Bowel: What to contour?

Three Strategies to contour bowel

-® Bowel Segments

@ Bowel Segments + 1 cm ¥§

—®|ntestinal cavity (“boweliin.
bagll)

Contouring of bowel bag proposed as a robust
method to take organ motion into account

Sanguineti LB. Radiothe’orino C. IJROBP 2009 (modified definition)  Kavanagh BD, et al. IJROBP 2010



ermation

Gyn Recommendation: Contour Bowel Bag

Pelvic Normal Tissue Contouring Guidelines for Radiation
Therapy: A Radiation Therapy Oncology Group Consensus

Pa nEl At las Received Oct 24, 2011, and in revised form Jan 4, 2012, Accepted for publication Jan 5. 2012

Table RTOG male and female pelvis normal tissue consensus definitions

Standardized Tumor
—Orean TPS name —TareTory Consensus definition
Bowel bag BowelBag GU, GYN  Inferiorly from the most inferior small or large bowel loop or above the Rectum

(GU) or AnoRectum (GYN), whichever is most inferior.™ If, when following the
bowel loop rule, the Rectum or AnoRectum 1s present in that axial shce, it
should be included as part of the bag: otherwise, it should be excluded.

Tips: Contour the abdominal contents excluding muscle and bones. Contour every
other slice when the contour is not changing rapidly, and interpolate and edit as
necessary. Finally, subtract any overlapping non-GI normal structures. It the TPS
does not allow subtraction, leave as 1s.

Small bowel SmallBowel Gl To distinguish from large bowel, the use of oral contrast is encouraged.” After
administration of contrast (e.g., 3 oz of Gastrografin (Bracco Diagnostics Inc.,
Princeton, NJ) and 3 oz of water—barium muxture) 30 minutes before scanning,
the small bowel can be outlined as loops containing contrast.

Gay H, et al. Int JRadiat On 12:83(3):353-362.




Bone Marrow

Around 50% of adult BM located in

lower L spine and pelvic bones

* Red BM is active compartment
* High sensitivity for radiation

* Repopulation capability

Pelvic RT

cranium (12%) @ e mandible (1%)
L

; ; - ___clavicle (1%)
cervical spine (3%) el

— scapula (5%)

S \\:\‘\ humerus (1%)

sternum (2%)

ribs (8%) ~ thoracic spine (14%)

N Su /gl
> L= g et )

lumbar spine (11%) " os coxae (22%)
sacrum (14%) H‘\» (é‘;. femoral
b ‘J head/neck (4%)
é &

-0 .| Hemoglobin

-@ | Platelet count

@) White blood cell count

Concomitant ChT increases BM toxicity

Mell LK. IJROBP 2006 J. IJROBP 2002
Sacks EL. Cancer 19 . IJROBP 2003
Rubin P»Cancer 1 o C. Radiother Oncol 2009/ Roeske JC Radiother Oncol 2005

Ahmed RS IJROBP 2004 i




Bone Marrow

Concomitant ChT - RT increases BM toxicity

Meta-analysis Group results

VOLUME 26 - NUMBER 35 - DECEMBER 10 2008

Reducing Uncertainties About the Effects of
Chemoradiotherapy for Cervical Cancer: A Systematic

Review and Meta-Analysis of Individual Patient Data From
18 Randomized Trials

Chemoradiotherapy for Cervical Cancer Meta-Analysis Collaboration

“Serious hematologic toxicity increased by
approximately 2- to 10-fold in individual
trials.”

@
Vale C, Journal of ology, 2008



Red bone Marrow

Fadistherapy and Oncolagy 123 (2017) 164188

Contems lists awvailable at ScienceDirect

Radiotherapy and Oncology

journal hamepage: www. thegresnjournal.com

Red bone marrow segmentation
The feasibility of semi-automatically generated red bone marrow @Cwm,k
segmentations based on MR-only for patients with gynecologic cancer

Amna Andreychenko™*, Petra 5. Kroon®, Matteo Maspero®, Ina Jirgenliemk-5chulz #,
Astrid AC. De Leeuw”, Mamix G.EH. Lam ®, Jan | W. Lagendijk*, Cornelis A.T. van den Berg*

4 Deparimeni of Radiarheram: and "Lkp-:.':"u."_' of Nudear Medicine Cemier for image Srdeaces; University Medionl Cenier Urechi, The Netherdonds

Concheion: This study shows that delinextions of the BEEM Tor the radiotherapy with REM sparing can be
generated semi-automa tically using MR scans only

Fat MRI Water MRI FDG-PET

3

< suv
6
3

5

< L]

= J

Fig. 2. The segmened REM regions (red conours ) supenmposed on Qywaer MR and FDC-FET images are shown on 23 and coromal planes. The dashed rectangie in PET
image owlines the Held of view of e MR images

Conclusion
Delineation of red bone marrow can be generated semi-automatically

=




rrationzl Joumal of

Proximal Femurs

Pelvic Normal Tissue Contouring Guidelines for Radiation
Therapy: A Radiation Therapy Oncology Group Consensus

Pa nel At Ias Received Oct 24, 2011, and in revised form Jan 4, 2012. Accepied for publication Jan 5, 2012

Table RTOG male and female pelvis normal tissue consensus definitions

Standardized Tumor
Organ TPS name category Consensus definition
Proximal femurs Femur R GU, GYN, The proximal femur inferiorly from the lowest level of the ischial tuberosities
Femur_L Gl (right or left) and superiorly to the top of the ball of the femur, including the

trochanters.
Tips: Auto-contouring threshold parameters with bone can facilitate this process
but requires editing any auto-contouring artifacts.

Each femur separately
Superior: top of the head of femur

Inferior: Lowest level of ischial tuberosities

Include trochanters
Auto contouring + editing hélpful

Interpolation + editing helpful
Gay H, et al. Int:J Radiat On

w Both femoral heads to the level of trochanter minor
2012:83(3):353-362.




Kidneys

Delineate each kidney separately

Ideally, parenchyma: functional compartment

Include collecting system? error introduced; magnitude unclear

Evaluate dose to each kidney and both togethter

Dawson LA. IJROBP 2oﬂ



Accurate contouring
Pre-requisite for success of highly conformal RT but not that easy !

Uncertainty bladder: = 3 mm , B

50 1 Bladder
—11 —12 —13
40 1 — V1l —V2 —V3
E
£ 301
8 201
10 4

-100  -150

T T T T T T T T T 150 100 s

0 50
angle (degrees)

0 T T
180,0 120,0 60,0 0,0 -60,0 -120,0

Uncertainty Rectum: up to = 5 mm
=t Rectum

20 —11 —12 —13
_ —V1T —V2 —\V3 2]
€
IS 30 A g 15
8 20+ " H
10 A 5 !
0 T T T T T T T T T T T 150 100 50 s E. -100 -150
180,0 120,0 60,0 0,0 -60,0 -120,0 e e

max RMS value with respect to angle from the origin and slice number

Sigmoid
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Angle (degrees
ur J of Mé@ 2):§726 (Abstract; ECCOQ/ESMO/ESTRO, Amsterdam 2013)
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ITV and PTV

(/_ Irradiated Volume )
® |TV: Internal variations " Treated Volume
= Position, size and shape of CTV
*  Tumour shrinkage
QOrgan movement
« Organ deformation

PTV

® PTV: External variations
= Beam positioning
= Patient set-up (e.g. uncertainties when setting up
according to skin marks)

® If no considerable internal variations are present

= Expansion may be performed directly from CTV
to PTV

® ITV and PTV margins are not directly “additive”



On which target volumes should we add ITV
margin?

A. Uterus

B. GTV and cervix (initial CTV )
C. Pathologic lymph nodes

D. Elective lymph node target



Margins In cervix cancer

® Primary CTV
= |ITV margin
= PTV margin

® Pathologic nodes
= PTV margin

® Elective CTV
= PTV margin

® Role of on-board
iImaging?




IGRT methods

= EPID (Electronic Portal Imaging Device)
- MV
- 2D

= kVimaging (OBl -0On Board Imaging)
« kV
« 2D

= CBCT (Cone Beam CT) imaging
« kV
- 3D




How to fuse CT planning scan to on-board
imaging (CBCT, kV, EPID)?

A. Bony fusion
B. Fusion on cervix
C. Fusion on markers in cervix




PTV elective target volume

® Assumption:
= Lymph nodes are in a fixed relation to bony anatomy
= Bony registration aligns elective lymph node target




PTV pathological lymph nodes

® Assumption:
= Lymph nodes are in arelatively fixed relation to bony anatomy
= Bony registration aligns pathological lymph node target

® Most often pathological lymph nodes shrink during RT

r

r

CBCT 15t treatment CBCT 24t treatment PTV (blue)

_ _ GTV on 10 CBCT (red)
Anne Ramlov, Radiother Oncol, in press



Skin marks versus daily bony registration

® Daily image guidance with bony fusion

Initial set-up according to skin marks
Image fusion according to bone

Verification of fusion
Couch correction

Typically 5mm PTV margin

® Set-up on skin marks (no daily image guidance):

|maging at first RT or Variable Vertical Lateral Longitudinal
[mm] [mm] [mm]
e.g. weekly Mean (M) 0,4 2,7 0,4
Typically 7-10mm PTV |= 3,6 2,9 2,6
margin o 3,6 3,2 2.4
Margin* 11,6 9,6 8,2

*VVan Herk formalism: 2,5*2+0,7*c
Semin Radiat Oncol 2004; 14:52-64

L.Laursen, RO 105 (2012) 220-225




Which PTV margin do you apply for CTV-E?

A. <5 mm
B. 6-9 mm
C. 210 mm




Do you think it is worthwhile to implement daily
IGRT and decrease margin from 7-10mm to 5mm?

A. It is too many ressources to
implement daily IGRT

B. It will not have impact on
morbidity

C. 5mm PTV margin is not safe for
target coverage

D. PTV margin reduction to 5mm
is worthwhile



Why does the margin matter?

4/37r3

D. Verellen et al., Nature Reviews Cancer 2007



Let’s take a look at the orange and the peel...

— .

ITV 45 + 10mm
- TV 45 | ITV 45 +
":'v-" 4 » ITV 45

1000 cc 1500 cc 2000 cc




Is It Iimportant to reduce irradiated volume?

® Evidence that bowel irradiation is related with acute
morbidity

® Evidence that bowel irradiation is related with late
morbidity

Dose response curve
;vvwrm 8 500
00,051 |i|1rlésa? 100% y———— O S =
mmmmmm % Qe L K]
not at all 280 X%ce b 0 Ll 109 A 3 400
a1t ] 0% X5 ) ] B ¥ ms 2 :g
e00%] o : ke 8™ m B sep oM b m small Bowel
g 0% g 300 1 Large Bowel
x ¥ B 3
g 80.0%] ;g % > 200
[ -2
2 g 100
40,0% i %
[ = E :
_— i ol %5 V30 V40
0% ™ + - T 1 . . ..
S . SRR A Fig. 1. Recommended dose—volume h1st0g¥an.1. Restricting
o Volume teeed with 436y small bowel and large bowel volume doses within the recom-
mended area under curve can restrict late bowel toxicity to within
5%.

Preliminary EMBRACE data Chopra S, IJROBP, 88, 630-635, 2014

14



EMBRACE I, EMBRACE Il and AROI practice: EBRT volume (V43Gy)

Elective irrad. Nodal boost

V43 (cc) _ 5| 5 V57 (cc) .
EMBRACE | 2500 cm 3000 cm EMBRACE | 160 cm
CTV vol (cc) ~1000cm3®  ~ 1500 cm3 CIVENvoli(ec)T| [ 10ccipernade
PTV vol PTV-N vol (ce) - 54, per node
vol(ce)  _ 1500 ¢m?  ~ 2000 cm? 5mm margin
Smm margin
V43Gy (cc) VS0By (ce) 150 ¢ms
y (CC - 3 - 3 EMBRACE Il
EMBRACE || 1500 cm 2000 cm
Change of practice: EMBRACE | Em) EMBRACE || oo V43Gy homework
2000
. 3
CRT =) IMRT: §, 500cm? (v43) o
50Gy =) 45Gy : § 400cm3 (v43) 1000 -
500 -
xmm B 5mm : ‘ x cm3 (V43) .

1 2 3 45 6 7 8 9 1011 12



Which total margin (ITV+PTV) is appropriate for the mobile
primary tumour related CTV (GTV+cervix+uterus)?

A. 5mm

B.
C.
D
E.

10 mm
15 mm
. 20mm




Motion and dose — primary target

Jadon et al. A systematic review of organ motion and
Image-guided strategies in external beam
radiotherapy for cervical cancer. Clin Oncol (R Coll
Radiol). 2014 Apr;26(4):185-96

= 39relevant studies

= Patient specific motion: 5-40mm

= Population based margins would be large (up to 40mm)

® Most studies evaluate geometry
® Few studies evaluate coverage (e.g. V95%)
® 1 study evaluates dosimetric impact (D98)



Which total dose (EBRT+BT) do you think this

patient recelved to the non-involved uterus?

Patient case:

- 45/25fx EBRT

- 1.5cm CTV-PTV margin

- 50% of fractions: uterus
outside PTV

- 40Gy EQD2 BT
prescribed to CTV

20Gy
30Gy
35Gy
>40Gy

0O WP



Which total dose (EBRT+BT) do you think this

patient received to the non-involved uterus?

Patient case:

- 45/25fx EBRT

- 40Gy EQD2 BT

- 1.5cm CTV-PTV margin
- 50% of fractions: uterus

outside PTV
EBRT dose: 38Gy
BT dose: 6Gy

EBRT+BT dose: 44Gy

(Normally patients receive >5-10Gy to the uterus from BT)
Sapru et al, Radither Oncol 107 (2013) 93-98



Accumulated doses

® Daily image guidance

® IMRT PTV margins of

= 5mm
= 20mm

® Shortcomings:

= Uterus dose? (CTV
includes upper uterus
only in case of
myometrium invasion)

= Only 20 patients

Lim et al, Pelvic radiotherapy for cancer of the cervix: Is
what you plan actually what you deliver?, IJROBP
2009

Smm margin

F
@0
o
o
1

// \
5100 - T . 8[8\ A
5000 - I’fm%

-

Dose to 98% Volume (cGy)

H
o]
o
o
|

20mm margin

[ [J Nominal FFB
Accumulated FFB

_|| ] Nominal LM
4700 B Accumulated LM
[ Nominal SM
)

@ Accumulated SM

1
GTV cr1v
Fig. 4. Box plots of nominal and accumulated dose to 98% of gross

tumor volume and primary tumor clinical target volume for four-
field box (FFB), large-margin (LM), and small-margin (SM) plans.

20



Which of these motion patterns are of most

concern for local control?
. A

O O

Tyagi et al, DAILY ONLINE CONE BEAM COMPUTED TOMOGRAPHY
TO ASSESS INTERFRACTIONAL MOTION IN PATIENTS WITH
INTACT CERVICAL CANCER, IJROBP 2011



CBCT monitoring

Daily CBCT
monitoring by RTTs

91% of CBCTs
evaluable

7123 pts replanned

3/23 had benefit
- 2 cervix
- 1 uterus

22



ITV-T LR and PTV-T LR

® “Standard” approach:
= 10-15mm ITV margin
=  5mm PTV margin
= Total 15-20mm margin

CTV-HR
CTV-TLR
CTV-E

ITV-TLR

® Individualised approach:

= Several treatment planning
images: MR, CT, full bladder,
empty bladder

- Review anatomy on treatment Cervix region
planning images .Jlmost critical
= Apply margin according to |
predicted motion
= Monitor on daily CBCT

PTV-45

Maximum rectal filling at treatment planning scan: 40mm

23



Bladder filling strategy in your department?

A. No bladder filling protocol

B. Patient to void before each
fraction for reproducible
bladder filling

C. Instruct patients to keep full
bladder at treatment

D. Specific drinking protocol



® Full bladder versus empty bladder
decreases volume of bowel
iIrradiated to a significant dose

® Examples drinking protocol:

= Instruction of patients to keep full
bladder

= Aarhus University Hospital: 450-
500ml 1 hour prior to planning CT
scan and to each treatment

=  Tata Memorial: 750-1000mI 30
minutes prior to planning CT and to
each treatment

® Reproducibility of bladder filling?
= Significant variation
= Main purpose is to push bowel away!




What has most impact on bowel dose?

A. Bladder filling protocol

B. Reduction from 10 to 5mm
CTV-E margin

C. Re-planning during
radiotherapy to address
tumour shinkage



Take home message: nodal CTV

® Margins add to considerable irradiation of normal tissue
® PTV margin for elective target volume:

= 7-10mm margin without daily image guidance

= 5mm margin with daily image guidance and bony fusion

® Potential in pelvic elective radiotherapy to reduce irradiated
volume by 40% with IMRT and daily IGRT (2500cc — 1500cc)

Nodes at diagnosis ’ ) “v_ Nodal failure

27



Take home message: primary CTV

® Significant inter-fraction variations have been
reported: 5-40mm

® Uninvolved uterus is NOT the most critical target

® Clinical practise:

= ~15-20mm is common for CTV-T LR to PTV margin

= Be aware of rectal filling at time of treatment planning! E.g.
threshold of 40mm diameter of filling.

CTV-HR
CTV-TLR
CTV-E
ITV-TLR

PTV-45




% UMC Utrecht

Medical aspects of dose constraints including

DVH parameters for EBRT planning

Ina Jiirgenliemk-Schulz
Universtity Medical Centre Utrecht

Umesh Mahantshetty

Tata Memorial Centre, Mumbay

ESTRO GYN TEACHING COURSE
Prague 2017

%E? Universitair Medisch Centrum Utrecht



Which statement is wrong?

A. IMRT helps to reduce organ dose

B. IMRT s able to reduce

treatment related morbidity

C. For IMRT planning pre-defined
dose volume constraints are not

important

% UMC Utrecht
2



Contents

* Evidence for EBRT dose constraints and DVH parameters
e Evidence for dosimetric and clinical gain IMRT

* Impact of DVH parameters on treatment planning

e Brachy part not included!

% UMC Utrecht



EBRT for gyn cancer treatment

e Elective dose including draining lymphatic system

* Boost to regional pathologic nodes

* Boost to primary tumor if brachytherapy is not feasible

* Dose needed for tumor control to high for surrounding OAR

* Reduction according to ALARA, as low as reasonably achievable

* Dose constraints and DVH parameters help to balance between tumor

dose and OAR dose

% UMC Utrecht



Evidence for dose needed to control primary tumor

Primary gyn tumors need dose (EBRT + BT)

* Local control depends on applied dose

100 - L 5

* For cervix brachy contribution essential

Radiotherapy and Oncology 93 (2009) 311-315

Contents lists available at ScienceDirect

Radiotherapy and Oncology

FISEVIER journal homepage: www.thegreenjournal.com

Cervix cancer brachytherapy

Dose-effect relationship for local control of cervical cancer by magnetic resonance
image-guided brachytherapy

Lacal contral [%)

Johannes C.A. Dimopoulos **, Richard Potter?, Stefan Lang ® Elena Fidarova®, Petra Georg? Wolfgang Dérr®,
Christian Kirisits *

20 -
* Department of Radiotherapy, Medical University of Vienna, Viema, Austria
® Department of Radiotherapy and Radiation Onmlagy, University af Technology, Dresden, Germany
. total -
ARTICLE INFO ABSTRACT [HIFIII.'H"HJI'I
Article Wstary. Barkground and purpese: To analyse dose-response relations hips for local contml of cervical cancer after ﬂ N S
Received 20 Felruary 2009 MR image-guided brachytherapy (IGET) based on dose-volume histogram parameters. - - - = - -~ -
Received in revised form 25 June 2003 Methods and materiak: The analysis includes 141 patients with cervix cancer (stages [B-IVA) treated with .'E"
:ﬁ?ﬁ:f.:izﬁmum 45-504 Gy EBRT + cisplatin plus 4 « 7 Gy IGET. Gross tumour volume (GTV), high risk clinical target vol- ﬁ EE' IE 5 1:'_‘?
ume (HR CTV]and intermediate risk CTV (IR CTV ] were deli 1and DVH p. s (D90, D100} were [P
assezsed. Doses were converted to the equivalent dose in 2 Gy (BQD2) using linear-quadratic model ¢ a4
ﬁ’:’jﬁ,,m (o f=100GCy). Groups of patients were formed according to tumour size at diagnosis (GTVo) of 2-5cm E 3 é:l
MR image-guided brachytherapy (group 1) or =5 cm (2], with subgroups of the latter for HR CTV size at first IGET 2-5cm (2a) or =5 cm [?‘ -
Target (Zh). Dose-response dependence for local recurrence was evaliated by logit analysis.
DVH Results: Eighteen local recurrences in the true pelvis wer observed. Dose-response analyses revealed a
Dase-response significant effect of HRCTV D100 (p= 0.02) and D90 (p = 0.005). T he ED50-values for tumour control were

33+ 15 Gy (DM00) and 45 + 19 Gy (D90). ED90-values were 67 Gy (95% confidence interval | 50; 104 ]) and
B6Gy |77:113], respectively.

Conclusions: A significant dependence of local control on D100 and D90 for HR CTV was found. Tumour
control rates of =90 can be expected at doses =67 Gy and 86 Gy, respectively.

@ 2009 Elsevier Ireland Ltd All rights reserved. Radiotherapy and Oncology 93 (2009) 311-315 U Mc Utrec ht




Evidence for dose needed to control primary tumor

Bigger tumors need more dose

Local control depends on applied dose in a certain volume

Rl e gy ard Onecalegy 130 2018 441448

Contants lists available at Sciancaliract
Radiotherapy and Oncology

Fl1 SEVIER journal homepage: wew.the gre enjournal.com

Image guided brachytherapy in cervical cancer

Effect of tumor dose, volume and overall treatment time on local control O —

after radiochemotherapy including MRl guided brachytherapy of locally
advanced cervical cancer

Kari Tanderup **, Lars Ulrik Foldal®, Alina Sturdza®, Christine Haie-Meder °, RBenaud Mazeron®,
Erik van Limbergen?, Ina Jirgenliemk-Schulz®, Primoz Petric 5, Peter Hoskin ", Wolfzang Dirr ®,
Saren M. Bentzen ', Christian Kirisits ®, Jacob Christian Lindegaard ® Richard Pocter ®

* Dot maeniof Onclagy, A Lniwesity Hodpidal, Desmark; " Degoremen of Radi s Oncalgy, Comprolisaine Giacer Conter, Mintion ! Uniwes ity a M Vi, Asvh,* Raliston
Oncalagy Departmend, Gaitre Koy Concer Compes Gaad Fass, Wikl Fronee: “Depreney of Ralision-Oncalagy, Usinersizy Hugind of Leswes, Bojgam; " D enew of
Rafashengy, Unnraly Mafeal Gease Wanchl, The Notherland; © Degort e of Ridhaton Oy, National Geer for (e Core and Renaeed, Dola, Qs © Dévidon
aoff Radfthen gy, Nasional besisne of Oncalagy, Liikiiona, Sheevi,; " Moand Vemon Conar Cowre, Norshwood, Livited) Khgplom; ' Ceenelaem (Giaeer Geier ond D sl of
Epicierri sty vl Falilie Hinlah, Liveer ity off M dlanid Sohond offWadiciw, Bibimore, LA
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Evidence for dose needed to control primary tumor

Preliminary results with SBRT, no brachy

e Different gyn tumors, primary tumors, recurrences,
lymph node metastases

Clinical Oncology 29 (2017) 378—384

Contents lists available at Science Direct

Clinical Oncology
¥

SP - o
ELSEVIER journal homepage: www.clinicaloncologyonline.net

Original Article
The Role of Stereotactic Ablative Body Radiotherapy in Gynaecological @mmﬂt
Cancers: A Systematic Review

L.C. Mendez, E. Leung, P. Cheung, L. Barbera
Department of Radiation Oncology, Sunnybrook Health Science Centre, University of Toronto, Toronto, Ontario, Canada

Received 28 July 2016; received in revised form 5 December 2016; accepted 13 December 2016

Abstract

Aims: To summarise and evaluate the current literature in gynaecological tumours treated with stereotactic ablative body radiotherapy (SABR) through a
systematic review using the Preferred Reported Items for Systematic Reviews and Meta-analysis (PRISMA) guideline.

Materials and methods: A literature search through Medline, EMBASE and Cochrane databases resulted in 22 pertinent manuscripts. Selected studies evaluated
the locoregional role of SABR in gynaecological tumours, regardless of SABR clinical indication. Data on local control, toxicity and SABR dose and technique were
extracted by at least two investigators.

Results: Intotal, 330 patients received locoregional SABR for gynaecological tumour and had measurable clinical outcomes. Six different clinical scenarios were
identified: (i) boost to external beam radiotherapy (EBRT) for cervical cancer as radical treatment; (i) boost to EBRT for non-operable endometrial cancer; (iii)
treatment for pelvic and for para-aortic node metastases; (iv) adjuvant treatment after surgery in uterinefcervix cancers; (v) salvage of non-nodal pelvic re-
currences and (vi) vulvar or vaginal malignancies. Except for SABR as a boost for non-operable endometrial cancer, local control over 80% was found in a range of
median follow-up of 4132 months. Local control in non-operable endometrial tumours receiving SABR was 53%. In salvage treatments for non-nodal pelvic
relapses, SABR was associated with about a 20% grade 3—4 gastrointestinal toxicity.

Conclusion: There is no clear consensus or evidence on the defined role of SABR in gynaecological tumours. Local control and toxicity associated with SABR
seems reasonable for most clinicalindications found by this review with a short median follow-up. When used for salvage of non-nodal pelvic recurrences, SABR
may be associated with high rates of grade 3—4 late gastrointestinal toxicity.

@ 2017 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved

UMC Utrecht

Key words: Gynaecological malignancies; stereotactic ablative body radiotherapy: stereotactic body radiothe rapy




Evidence for dose needed to control primary tumor

* No consensus yet for dose needed
 Small numbers, different local control rates

Table 1
Summary of studies, dose and local control of stereotactic ablative body radiotherapy (SABR) in different clinical scenarios ( the five patients with vaginal or vulvar cancers are not
reported )
Reference  Design Mumber of Total EBRT Mumber of patients with Median FTV Follow-up loal control®  Combined
patients  number respective BED (afi=10) SABR  (em?) (months)  (no. patients)  local
of patients BED wnrol
(A} SABR as a cervical boost
[11] Retrospective 11 34 Yes 1148 Gy MIGy 3168 6 100(11) 9%
[12] Retrospective 9 Yes 1192 Gy, 1195Gy, 2 28 Gy, NR NR TIR(7)
1336 Gy, 339.1Gy. 1 513Gy
[13] Retrospective 6 Yes 528Gy, 1 321Gy NR 14 100(6)
|14] Retrospective 4 Yes 175Gy, 1225 Gy, 1355 Gy, 137.5Gy 1-174" 4 100(4)
|15] Retrospective 2 Yes 228Gy NR 12 100(2)
| 16] Casereport 1 Yes 1336 Gy MR 2 100(1)
117] Retrospective 1 Yes 1225 Gy 258 13 o(0) I
(B) SABR as an endometrial boost n
| 18] Retrospective 11 13 Yes 945Gy, 1384Gy, 130Gy 0y NR 18 55 (6) 5% z
|14] Retrospective 1 Yes 1312 Gy 458 4 100(1) g
[17] Retrospective 1 Yes 1225 Gy 180 15 (0 s
(C) SABR for pelvic or para-aortic lymph node metastases E
[19] Retrospective  83° 83 43 patients' 44897 Gy; 19100-137 Gy;3351-79Gy BTGy MR 204 80 (67) 8% -
|20 Retrospective 52 12 patients Mot possible to define NPD El| 92 (48) u}
[21] Retrospective 30 4patients 5693 Gy; 1299Gy; 2 60 Gy; 579 Gy; 3 13-573 19 67 (20) E'
843Gy, 1189 Gy, 2100 Gy, 1 112Gy =
[22] Retrospective 13 NR Mot possible to define NR 46 100(13) g
23] Phase [ 6 NFD Mot possible to define NFD 155 NFD g
|24] Retrospective 5 4patients 128Gy, 445 Gy NFD 16 80 (4) [
(D) Adjuvant SABR b4
|25] Retrospective 26 38 Yes 6 BRGy ARGy MR 47 92 24) 0% &‘
|26] Retrospective 23 NR 3 BAGy NR 132 NPD =
[15] Retrospedive 12 Yes 12 238Gy NR 126 a(11) :
(E) Salvage SABR to pelvic recurrences (non-nodal) E
[27] Retrospecive 19 57 Yes 12225Cy, 260Gy, 215 Gy, 147.6 215Gy 37619 22 81(16) B6% &
Gy:130Gy; 112Gy 4
|28] Retrospective 16 Yes, 1516 Not possible to define. 253107 12 BI(15)
15-40Cyin3-5
117] Retrospective 9 Yes 9225 Gy 55-619 20 T(7)
[29] Retrospective 8 Yes Mot possible to define Not possible to define
|30] Retrospective 5 Yes 5576 Gy NR 10.6 NPD
[31] Retrospective 5 Yes 132Gy, 136 Gy, 146Gy, 1 576 0217 9 80 (4)
Gy and 161.7 Gy
[14] Retrospective 4 Yes 3375 Gy, 1426Gy 98-348" 4 75(3) UMC UtrECht
(continued on next page)




Evidence for dose to control elective region

Elective regions need dose

e Effective elective dose in
Lapcet 20000; 365: 1404-11

endometrial and vulvar cancer is s

46-50 Gy Surgery and postoperative radiotherapy versus surgery alone for
patients with stage-1 endometrial carcinoma: multicentre
randomised trial

Canen L Creutzberg, Wim L J van Putten, Peter C M Koper, Marnix L M Lybeert, Jan J Jobsen,
Cara C Warlam-Rodenhuis, Karin A J De Winter, Ludy C H W Lutgens, Alfons C M van den Bergh,
Elzhieta van de SteenBanasik, Henk Beerman, Mat van Lent. for the PORTEC Study Group®

Int. J. Ruckution Cecology Bicl Piyve, Vol 42, :;Rl Eq_s]&-h-l 1
mer Sctenee Inc

?nrl.de:USA. All rights resereed

D36 IETE 1900 + 00

ELSEVIER PII S0360-201695)00238-7

® Clinical Investigation

IERADIATION IN CARCINOALIA OF THE VULVA: FACTORS AFFECTING
OUTCOME

Cazros A Perez, MDD * Perry W. Gricssy, MD_* K. 5. Cirrosp Crao, M.D_*
AWDREW Garaxatos, MDD Mrranar Gasracaceiy, MDY Davio Mutce, MDY o
Mazy Awy Loceerr, M B.A #*

*Fadiston Oocology Center, Mallmckrodt nstitate of Radiclogy, "Division of Gyoecologic Oncology qutnnnofmﬂm:u:smd
Gymec . Washinston University Medical Cenfer, 5. Louis, MO and = Rlﬂlﬂm(h! ey Deparntment,

ko Usiversity Mstial School. D, Askam, Tukey UMC Utrecht
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Evidence for dose to elective region anddymph node metastases

Summary

Lymph node metastases need dose

In the largest series exam-
ining extended field intensity
modulated radiation therapy
for node-positive cervical
cancer, we observed a low
para-aortic recurrence rate of
2.5% in patients with pelvic-

e Elective fields (including PAO) for cervix cancer are
controlled with 45 Gy

 Node control is excellent after 55-60 Gy including sib

[m:rnlatio_nﬂ Journal of
Radiation Oncology

biology e physics
www.redjournal .org
Clinical Investigation

Extended Field Intensity Modulated Radiation @mm
Therapy With Concomitant Boost for Lymph

Node—Positive Cervical Cancer: Analysis of Regional

Control and Recurrence Patterns in the Positron

Emission Tomography/Computed Tomography Era

John A. Vargo, MD,* Hayeon Kim, MS, DABR,* Serah Choi, MD, PhD,*
Paniti Sukumvanich, MD," Alexander B. Olawaiye, MD,’

Joseph L. Kelley, MD," Robert P. Edwards, MD," John T. Comerci, MD,’
and Sushil Beriwal, MD*

Departments of *Radiation Oncology and 'Gynecologic Oncology, University of Pittsburgh Cancer
Institute, Pittsburgh, Pennsylvania

only positive lymph nodes
(negative para-aortic lymph
nodes by positron emission
tomography/computed
tomography) without surgi-
cal staging, suggesting effi-
cacy of this approach in
addressing the 20% to 25%
risk of microscopic para-
aortic nodal disease. A
simultaneous integrated
boost of 55 Gy in 25 frac-
tions effectively eradicated
disease in involved pelvic
and para-aortic lymph nodes,
with acceptable risks of late
adverse events.

UMC Utrecht



Dose needed for lymph node metastases control

In literature still some uncertainty !

e Escalation typically recommended up to 55-60Gy

Grigsby PW, et al Int J Radiat Oncol Biol Phys 2001, 49(3):733-738.
Beadle BM, et al Int J Radiat Oncol Biol Phys 2010, 76(5):1396—-1403.

* SIB IMRT — 55Gy/25# with option of seauential boost -10Gy/5#

Gynecologic Oncology 135 (2014) 239-243

* FDG avid nodal disease -62Gy/31# SIB

Cihoric et al. Radiation Oncology 2014, 9:83

% UMC Utrecht
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Evidence that OAR do not like dose

Surrounding organs do not like dose; example bowel
* 90% of patients develop permanent change in bowel habits after radiotherapy
* 50% report impact on QoL

 10-20% develop serious complications within 10-20 years after treatment

Clinical Oncalogy (2007) 19: 90799
dof: 10,1016/, clon, 2007 08,011

Overview

Gastrointestinal Problems after Pelvic
Radiotherapy: the Past, the Present and the Future

H. J. N. Andreyev

Department of Medicine, Rayal Marsden Hospitdl, Futham Road, Londan, UK The development of bowel toxicity is not entirely dose,

volume and fractionation schedule related. It also depends

ABSTRACT: on a complex interaction of physical, patient-related and
Up to 300 000 patients per year undergo pelvic radiotherapy wor ldwide. Nine out of 10 will develop a permanent change genetic factnrs, but these have been DDDI'l‘f characterised

in their bowel habit as a result. Five out of 10 of all patients will say that this change in their bowel habit affects quality
of life and two to three outof 10 will say that this effect on quality of life is moderate or severe. Between one in 10 and
one in 20 patients will develop very serious complications within the first 10 years after treatment. This number will
increase totwo out of 10 by 20 years from the end of treatment. Although research carried out into the basic molecular,
cytokine and physiologi cal changes underlying radiation-induced bowel symptoms and the optimal treatment that should
be provided to symptomatic patients is scant, it doesseem probable that a significant proportion of these patients canbe
cured or improved by specialist gastroenterological intervention. However, most patients never get referred to
a specialist gastroenterologist and research into late radiation bowel damage has not been considered a priority. With
the advent of more effective cancer therapies leading to greater numbers of affected long-term survivors, much more
emphasis is urgently required to provide better information to patients at the start and after treatment, developing
technigues that might reduce the frequency of significant bowel toxicity and researching better ways of measuring and UMC U h
treating late-onset side-effects. Andreyev, H. J. N. (2007). Clinical Oncology 19, 790-799 trecht
& 2007 The Rayal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Key words: Chronic gastrointestinal toxicity, pebvic mdiotherapy, quality of life




Tumors need dose

As high as intended and reasonably achievable

OAR do not like dose

A As

L Low

A As

R Reasonably
A Achievable

Validated dose constraints and DVH parameters help to
make choices for treatment planning !

% UMC Utrecht



OAR DVH parameters in e -

Organ Endpoint %) parameter D, [Gy) |Gyl
I ite rat u re Brain Symptomatic nacrosis =3 <fill
=5 <5
Braingtem Mecrasis or cranial neuropathy <5 0100 <54 Gy -
<5 01-10 ec =53 Gy <B4 Paint
Spinal cord Grade =2 myebopathy <1 50
Optic nerve & Diptic neuropathy = <55 <5l
chiasm 37 5560
Retna Blindness <1 <5l
Cochlea Hearing loss <15 = 1]
Parotid 1 Grade 4 xerostomia <2 =2
Emami et al Parotid 2 <20 <25
o ) ) Mandible ORN 5 =70 Paint
Int Journal of Radiation Oncology Biology Physics, 1991 Pharmgeal PEG tub dependent = o
consirictors  Aspiration <5 <fil)
B . . . Larymx Grade =2 edema <3 WED <27% <l
Tolerance of Normal Tissue to Therapeutic Radiation Brachial Clinically apparant nerve < <60
Dr Emami B plexus damage
Department of Radiation Oncology, Loyola University Medical Center, Maywood, llinois, USA Lung Symptomatic pneumonitis § V5 <42%, i)
. . Va0 =22%
Reports in Radiotherapy and Oncology, 2013 0 VI <31% 13
20 VI <A0% 20
a 24
40 Fr
Esophagus Grade =2 esophagitis <30 V35 <50% <74 Paint
 Evidence for dose volume relations m
Grade =3 esophagitis =10 VED <30% <34
. . Heart Pericarditis <15 WD <% <26
especially for elective dose levels g tomeatacnonaly <1 Vs
Livar RILD, normal [ver = =30
(45 _50 G ) |Imlt6d RILD, livar disaase <5 =28
y Kidney 1 Renal dysfunction =5 Equivalant of 1
kidney <18 Gy
Kidney 2 Renal dysfunction =8 =18
° But we are |ea rning | Stomach Wceration D100.<50 Gy
° Emall Bowel Acute grade =3 todcity <10 WI5<120 ce
Late sbstruction/parforation =5 VD <5%
Rectum Grade =2/=3 late toxicity <10<15 VB0 <50%
Grade 223 lata toxicity <IH=<15 VB0 <35%
Grade =22/=] lata toxicity =115 VBS <25%
Grade =2/=3 late toxicity <10<15 V0<%
Grade =2/=] late toxicity <1W<15  VI5<15%
Bladder Grade =3 late toxicity < 0100 <55 Gy
7 VES <50%
VI <35%
VTS <25%
VBD £15%
Penila bulb Eevare arectile dysfunction <35 <50
Femaral haad Necrogis <h 0100 <52 Gy

Perctid 1, sparieg siegle paratid gland; Parotd 2. combined parstd glands: Kidney |, blateral partial kdney BT, Kideey 2, bilatersl whabe kidnays, Vs,
unluma ol the organ receiving =x Gy: Or, minimes does recsived by x% of the organ; 0, mexdmom rediation desa; 0, mean radiasien does


http://www.sciencedirect.com/science/journal/03603016/21/1

Not to forget!

Table 1: Variables That Can Impact Normal Tissue Tolerance

l. Host Age
Comorbid conditions
Host response to radiation
Smoking
KPS

I Organ Pre-radiation organ condition (Poor PFTs; LFTs; COPD)
HA R H Regional variation of radiosensitivity with the organ
* Morbidity is not only a matter of dose [mpact Sihec oo
Hierarchal organization of the organ:
Serial: dose effect: spinal cord

* Age, comorbidity, smoking..... i
1] Natural history of tumor
v Treatment A—Radiation

Dose (max, min, mean)

Fractionation (fractional dose): BED
Dose rate

Overall treatment time

Treatment energy

Volume {V dose: absolute or relative)

v Treatment B-—Nonradiation
Chemotherapy {drug type, dose, schedule)
Radiation modifiers {type, dose, schedule)
Surgery (interval)
v End points
ACUTE Type: Clinical LATE
Radiographical: anatomical, functional
Biochemical {blood test, functional test)
Deagree of severity
Degree of frequency
Impact on quality of life (QOL)

Vi Issues on reporting of toxicity



Dose volume effect for acute bowel; impact of V40 and V15

153 rectal cancer patients

: 3-field EBRT with concomitant chemotherapy
175 prostate cancer patients 21 % acute G3 diarrhea
(o]
3D CRT or IMRT
12% acute Gr 2-3 bowel toxicity T @ <65 QR G - aanm-o
0.6 08| )
0,55 7/16 |
ﬂ.5 - '/'
0,45 gl /
é’ 04 a /
8 35 -~ P v L
‘E 03 Pl = 104 M 6/8
A 3 /
g 025 _// - p
3 02 _ 2
T oas — :_‘__,..*"',r_ = N 1
0 -____,_...---""'"'r "
0,05 o=y .
0 — . . .
0 100 200 300 400 500 600 O MERRNORENREE | MK XX | | 2 4
V40 (cc) 100 200 300 400 500 600 700
Volume (cc)
Fig. 1. The relationship between the V40 of the mtestinal cavity Impact of V15 on diarrhea seemed strongest
(outside the planning target volume) and the risk of Grade 2-3 acute )
bowel toxicity is plotted, together with 95% confidence intervals (lo- V15 should however be seen as a geometrical surrogate

for the high dose volumes and not used alone for
optimizing IMRT dose distribution

Incidence of toxicity drops from 21% to 3% when:
V40 < 170 cc

V45 < 100 cc UMC Utrecht
V50 < 33 cc




Dose constraints depend on contouring approach

Treshold — based risk models

1
0.9
g 350- 08
y 300+ : 5 7 1
g high risk of grade 3 or o
3 2501 worse acute toxicity £ 084
Qo
> 200- 3991
3 r 04
3 150- =N
8 - 03
2 100- | 5.
< - low risk of grade 3 or
worse acute toxcity B
o T T r T T T T 1 0 j ! ! !
0 5 10 15 20 25 30 35 40 0 100 200 300 400 500 600
Dose, Gy V (cc) at 45 Gy
Based on delineation of Based on delineation of
Bowel Loops Bowel bag
Small bowe]\AIudividual small bowel loops 3D-CRT Grade = 3 acute mxicityEi V15 <120 cc <10 Volume based on segmentation of
the individual loops of bowel. not the
entire potential peritoneal space
Entire potential space within 3D-CRT Grade = 3 acute mxicityéi V45 <195 cc <10 Volume based on the entire potentia)
peritoneal cavity space within the peritoneal cavity

: UMC Utrecht
Review: Kavanagh DB, IJROBP 2010 (QUANTEC)

Marks: IJROBP 2010 (QUANTEC)



DVH and patient reported outcome

Multicenter Italian study, prostate cancer, EBRT 50-55.4 Gy
206 patients with complete DVH parameters for bowel

PRO using IBDQ-B (inflammatory bowel disease questionnaire)

Radiotherapy and Oncology 124 (2017) 296-301

Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Bowel dose-volume toxicity

intensity-modulated radiotherapy: First quantification
of bowel dose-volume effects

Carla Sini?, Barbara Noris Chiorda °, Pietro Gabriele <, Giuseppe Sanguineti < Sara Morlino®,
Fabio Badenchini, Domenico Cante £, Viviana Carillo", Marcella Gaetano”, Tommaso Giandini’,
Valeria Landoni’, Angelo Maggio®, Lucia Perna®, Edoardo Petrucci', Vincenzo Sacco®,

Riccardo Valdagni ™, Tiziana Rancati’, Claudio Fiorino®*, Cesare Cozzarini”

Patient-reported intestinal toxicity from whole pelvis @GMM“

300 Bowel dose-volume ef]
and
= Al beasl one corstraint respedcted
200 - (169 pts)
e Fdy cpnStraing respected
Tow rarfe

7O v | [22 pts)
T [ & VRIS aT0oc
— G0l
L]
E & V30< 4500
B S0 =
= -
T = @ W42 s110cc
E 400 i
i I .
£ 300 Tox rafe L
E 18% i

200

100 |

& e2113252227!
a 10 20 £l 40 50 &0 70 B0

Dose |Gy)

Fig 4. Absolute average DVHs for patient withiwithout liquid evacuation (endpoint
AIBDN)S < —2) for high risk (V20 > 470 cm®, V30> 245 cm’®, V42 > 110 em®, = 22)
and low risk (the others, n= 169) patients. Error bars denote standard error.

1
0.9 Maodel Age < 66 yrs
f — — — Maodel Age> 66 yrs
0.8 F A Age <66 yrs
0.7 | O Age > 6Byrs

Probability risk

0 50 100 150 200 250

V42 - SB (cc)

Fig 1 Risk of acute liquid evacuation vs bowel V42 for patients older and younger
than 66 years,




Not to forget!

Table 1: Variables That Can Impact Normal Tissue Tolerance

l. Host Age
Comorbid conditions
Host response to radiation
Smoking
KPS

I Organ Pre-radiation organ condition (Poor PFTs; LFTs; COPD)
HA R H Regional variation of radiosensitivity with the organ
* Morbidity is not only a matter of dose [mpact Sihec oo
Hierarchal organization of the organ:
Serial: dose effect: spinal cord

* Age, comorbidity, smoking..... i
1] Natural history of tumor
v Treatment A—Radiation

Dose (max, min, mean)

Fractionation (fractional dose): BED
Dose rate

Overall treatment time

Treatment energy

Volume {V dose: absolute or relative)

v Treatment B-—Nonradiation
Chemotherapy {drug type, dose, schedule)
Radiation modifiers {type, dose, schedule)
Surgery (interval)
v End points
ACUTE Type: Clinical LATE
Radiographical: anatomical, functional
Biochemical {blood test, functional test)
Deagree of severity
Degree of frequency
Impact on quality of life (QOL)

Vi Issues on reporting of toxicity



Bowel including duodenum

* For duodenum IMRT limiting V55 to less than 15% - statistically
significant differences in 3-year rate of actuarial duodenal toxicity

* |IMRT allows sufficient sparing of the small bowel to allow dose

escalation to 65Gy
% UMC Utrecht



Literature data dose constraints rectum and bladder

Jhingran et al.(RTOG V45<35% V45<60% V30<15%
0418)
Gandhi et al.(AlIMS) V40<40% V40<40%
Dmax <50Gy Dmax <50Gy
Mouttet —Audouard V40<50% V40<50% V40<50%
et al V45<20% V45<20% V45<20%
(Centre Oscar Dmax<60Gy Dmax<60Gy Dmax<60Gy
Lambret)
Mabuchi et al. V50<35% V50<35% V30<20%
Summary V40< 35-40% V40 <40 - 50%

% UMC Utrecht



"ELE

Also vagina does not like EBRT dose

e Significantly higher chance on G>2 vaginal stenosis

when EBRT dose exceeds 45 Gy

R s ety il Oednlagy 108 (S 160-186

Contenis lists svailsbls st S dsnoalirect
Radiotherapy and Oncology

journal home page: www_thegreenjournal.com

Brachythempy

Dose—effect relationship and risk factors for vaginal stenosis after Omﬁm
definitive radio{chemo)therapy with image-guided brachytherapy for
locally advanced cervical cancer in the EMBRACE study

Kathrin Kirchheiner **, Remi A. Mout”, Jacob C. Lindegaard ©, Christine Haie-Meder®,

Umesh Mahantshetty % Barbara Segedin’, Ina M. Jirgenliemk-Schulz %, Peter |. Hoskin ", Bhavana Rai’,
Waolfgang Dirr |, Christian Kirisits  Saren M. Bentzen *, Richard Pomer®, Kari Tanderup ©, the EMBRACE
Collaborative Group'

100%
90%
EBRT dega = 45Gy in 25 Tration 47 avenls | 176
B o EBRT dese 545Gy in 25 Tachons B avents | 454
s Log Hank Test p=0.001
é&uw E
= 0%
gdﬂ"i -1 t
q-u""'-‘-H“
0% #
gt PP T rrere——
= M
% p-’*
0
F- 1 ] 15 44 [0
iTE 125 -1 25 ] 1
- IR 191 1d F1 n

Fig- 3. Actuarial estimates for vaginal stenosis G = 2 in patents acconding o the
EBRT dose.

UMC Utrecht



Do we need dose constraints and DVH parameters?

Yes !

Dose needed to control macroscopic tumors is high

* Dose levels different for primary tumors and node metastases

* Dose levels for elective targets 45-50Gy

* Evidence for importance of DVH parameters is constantly increasing

 Dose to OAR should be as low as possible “ALARA”

How to achieve the required dose gradients ?

% UMC Utrecht



Modern EBRT planning; IMRT

3D conformal 7 beam IMRT

% UMC Utrecht



IMRT versus 3D-CRT

Single institution experience
 Advantage IMRT over 3D Conformal for organ sparing

* Volume of OAR receiving high dose significantly smaller with IMRT

700 120 100 1 conformal

Dimrt

600

500

volume in cc
w
o
o

bowel 30 Gy bowel 42.75 Gy bladder 30 Gy bladder 42.75 Gy rectum 30 Gy fectum 4272 Gy

CLINICAL INVESTIGATION Cervix

CONVENTIONAL, CONFORMAL, AND INTENSITY-MODULATED RADIATION
THERAPY TREATMENT PLANNING OF EXTERNAL BEAM RADIOTHERAPY
FOR CERVICAL CANCER: THE IMPACT OF TUMOR REGRESSION

UMC Utrecht

Linpa van pE Buwrt, M.D..* Uuike A. van per Hepg, Pu.D..* Marton KereLaars, Pu.D_ ¥
Gerarp A. P. pe Kort, M.D.." anp Ina M. JUrGENLIEMK-ScHuLz, M.D., Pu.D.*

Departments of *Radiation Oncology and 'Radiology, University Medical Center Utrecht, Utrecht, The Netherlands




IMRT versus 3D-CRT

Single institution experience IMRT versus 3D CRT

 Comparable PTV dose, less dose to OAR

et ] Radintion Cneclogy Fiol. Py '\'u. 55, Ha 5, Lz 13501137, Bia}
Elcvier Scence Inc

= the IJ‘u‘a All rights peserwed

CdaC-B0IA0L T e it s

FLSEVIER PII SO360-3016(01)02785-7

CLINICAL INVESTIGATION Cervix

INTENSITY-MODULATED WHOLE PELVIC EADIOTHEREAFY IN WOMEN
WITH GYNECOLOGIC MALIGNANCIES

Arxo J. Muwpr, M.D_* Axmaony E. Luran, PaD.* Jacos Romaensce, M.D_*"
Stevew E. Waccowes, M.D." 5. Dravz Yamana MD." Goa Frewmis, MD.F &xp
Jomw C. RosseEe, PED.*

D@ﬂmmnﬁn\f‘hdlmndm:ln(hmh "(Ohsteirics and Gynecology, Section of Gynerologic Cucology, and *Iniemal
SemmufHEmmI.o!f'&xﬁug} University of Chicapo Pritzker School of Madscine, Chicazo, IL a‘gmﬁﬁm‘m“mrmwﬁm“ma

in vely. Highlizhted are the 100°: (rad) 9‘??_599) k(2 (lam
Purpose: To describe our imitial climical experience with infensity-modulaied whole pelvic radiotherapy (IA- D) il S0 Gk D) i

wm:gnmm makismancies.
mgmunzmmmzm,m gvmecology patients mnderwent IM-WERT.
Tiffer fabricaton of co

vohmme was contoared o of the L E‘mt},a‘nd;n’mrr:l:nﬂ
qu]llnderegmls The ¢ target F:E.;:’pelndadbv cm to create a planning target volume

mmllrnihhlesuﬂwe,. D-feld, GAIV, uphmr]!;[—‘ﬁm Fun.ml
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Tomes. Om average. 98.1% of the PTV received the dose. The average of the PTV
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IMRT versus 3D-CRT

Meta-analysis
e 13 papers, 222 IMRT and 233 3D-CRT treated patients
* With IMRT better sparing of bowel and rectum

* No clear gain for bladder and bone marrow

e e e 9T RADIATION
ONCOLOGY

RESEARCH Open Access

Dosimetric comparison of intensity modulated
radiotherapy and three-dimensional conformal
radiotherapy in patients with gynecologic
malignancies: a systematic review and
meta-analysis

Bagjuan Yang'", Lin Zhu®!, Halyan Cheng’, Qi L', Yunyan Zhang'" and Yashuang Zhao™

Abstract

Background: To quantitatively evaluate the safety and related-toxicities of intensity modulated radiotherapy (IMRT)
dosevolume histagrams [DVHs), as compared ta the conventional three-dimensional confarmal radiotherapy
(3D-CRT), in gynecologic malignancy patients by systemnatic review of the related publications and meta-analysis.
Methods: Relevant articles were retrieved from the PubMed, Embase, and Cachrane Library databases up to
August 2011, Twa independent reviewers assessed the induded studies and extracted data. Pooled average
percent inadiated volumes of adjacent nan-cancerous tissues were calculated and compared between IMRT and
3D-CRT for a range of common radiation doses (5-45Gy).

Results: In totl, 13 articles comprised of 222 IMRT-treated and 233 3D-CRT-treated patients were included. For
rectum receiving doses 230 Gy, the IMRT pooled average irradiated volumes were less than those from 3D-CRT
by 26408 (30 Gy, p = 0004), 27.00% (35 Gy, p = 0.040), 37.30% (40 Gy, p=0.006), and 39.50% (45 Gy, p= 0.002).
Reduction in irradiated small bowel was also observed for IMRT-delvered 40 Gy and 45 Gy (by 17.80% (p=0.043)
and 17308 (p—0012), respectively), a5 compared with 3D-CRT. However, there were na sigrificant differences in
the IMRT and 30-CRT pooled average percent wolumes of irradiated small bowel or rectum from lower doses, or in
the bladder or bone marrow from any of the doses. IMRT-treated patients did nat experience more severe acute
or chronic toxicities than 3D-CRT-treated patients.

‘Conclusions: IMRT-deliverad high radiation dose produced significantly less average percent volumes of irradiated

rectum and small bowel than 30-CRT, but did not differentially affect the average percent volumes in the bladder U M c U t rec ht
and bone mamow.

Keywords: IMRT, 3D-CRT, DVH Gynecologic malignancies, Meta-analysis




13 papers

Table 1 Basic characteristics of papers analyzed

First author, Country Prescribed Sample size Organs at risk Level of the dose, Gy
[Reference] dos& G¥  |MRT  3D-CRT'

Heron DE [24 L=A 45 10 0 Rectumn, Small bowel, Bladder 10, 20, 30, 40, 45

Chen MF [35] Takwan 504 33 35 Recturn, Small bowsl, Bladder, Bone mamosw 5. 1015, 20 25,30 35, 40 45
Mell LK [30) L=A 45 7 7 Recturn, Small bowsl, Bladder, Bone mamosw 5,10 20,30, 40 45

lgdem & [31] Turkey 45 or 504 10 0 Recturn, Small bowsl, Bladder, Bone mamosw 5,10 15,20, 25 30,40, 45
Roeske 1C[37] L=A 45 10 0 Rectumn, Small bowel, Bladder 5. 1015, 20 25,30 35, 40 45
Port=bnee L[17] L=A 45 10 0 Rectumn, Small bowel, Bladder 45

Lujan AE B8] =4 45 10 10 Bone marnow 5 1015, 30 5, 30 35, 40 45
Briwey O [39] LI5A 45 35 8B lliac crest, Lumbar spine Sacrum 51015, 30 35 30 35 40 45
Ahmed R 7] L=A 45 5 5 Bone manow 5. 1015, 20 25,30 35, 40 45
Mell LK 37 LI%A 45 37 a Bone marmw 10, 20, 30, 40

Mundt Al [38] L=A 45 el E i Srall bowel 5. 1015, 20 25,30 35, 40 45
Aalama JK [40 L=A 45 13 13 Recturn, Small bowel 5. 1015, 20 25,30 35, 40 45
Geong O f1] ALstria 504 5 5 Rectumn, Small bowel, Bladder 5. 1015, 20 25,30 35, 40 45
" intensity modulsted radiotherapy; ~ thres-dmensional conformal @ dictherapy.

UMC Utrecht




Summary dosimetric gain meta-analysis

Pooled averages of volume reduction for different dose levels

OAR 25 Gy 30 Gy 35 Gy 40 Gy 45 Gy

Rectum no - 26.4% -27.0% -37.3% -39.5%

Bowel no no no -17.8% -17.3%
Bladder no no no no no

% UMC Utrecht




Increasing utilization of IMRT

Trends for patients with gyn cancers; intact cervix 1999-2011

Clinical Investigation

Trends in the Quality of Treatment for Patients
With Intact Cervical Cancer in the United States,
1999 Through 2011

Grace L. Smith, MD, PhD,**' Jing Jiang, PhD,’
Sharon H. Giordano, MD, MPH,’ Larissa A. Meyer, MD, MPH, -
and Patricia J. Eifel, MD"

*epartment of Rodigtion Oncology, The University of Texrs MD Anderson Crncer Center, Howston,
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Developments in IMRT technique

Planning study IMRT versus VMAT; fixed beam versus volumetric arc

* 5 coplanar equally spaced fields, 6MV

e 360°arc rotation,10 beam angles, 6 MV
IMRT VMAT

Badiotherapy and Oncology &9 (2008) 180191
woer. thegresmjoumalcom

Cervix cancer radiotherapy

A treatment planning study comparing volumetric arc
modulation with RapidArc and fixed field IMRT for
cervix uteri radiotherapy

Luca Cozzi*®*, Ketayun Ardeshir Dinshaw®, Shyam Kishore Shrivastava®,
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IMRT versus VMAT
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Shorter delivery time, at least by a factor 2! UMC Utrecht



Developments in proton therapy for gyn cancers

Proton IMRT versus photon IMRT/VMAT/Tomotherapy

e All dosimetrically adequate for coverage, conformity and homogeneity

* Intensity modulated protons offered best sparing of the bowels and rectum

* |IMPT might contribute reduction of acute and late toxicity which should be

Marnitz et al. Radiation Oncology (2015) 1091

DOI 10.1186/513014-015-0402-2 RADIAT'ON
ONCOLOGY

Which technique for radiation is most beneficial
for patients with locally advanced cervical cancer?
Intensity modulated proton therapy versus
intensity modulated photon treatment, helical
tomotherapy and volumetric arc therapy for
primary radiation - an intraindividual comparison

Simone Marnitz', Waldemar Wiodarczyk', Oliver Neumann', Christhardt Koehler?, Mirko Weihrauch', Volker Budach'
and Luca Cozzi®’

Figure 3 Examples of rectum and bowel sparing potential between techniques. A and B: rectum, colorwash is at 45 Gy; B: SB, colowash is at 30 Gy.

% UMC Utrecht



Summary IMRT dosimetric gain

* Numerous studies including a meta-analysis

e Dosimetric gain by reducing in high dose

volumes for OAR’s

* Dosimetric gain by more dose to tumor,

simultaneous boosts

 Extended field radiation easier achievable

% UMC Utrecht



Clinical outcome IMRT versus 3D-CRT for gyn tumors

100%
Postoperative cervix and endometrial cancer

e 40 patients IMRT, 35 3D CRT
* Less dose to OAR by IMRT
 Reduced GU and Gl acute toxicity

Grade
gs.nnmofmwm-mmemwmmm)

WPRT (red bars) groups.

Table 3. Ace O and AT tordcaties im IM-TWPRT patients -

Gl 80%
Crade G ) e % i
(12 18 (7} e
11 gﬂ} E%E}] 20% @
I:]:I 0 1 2 3

0
1
3 24 (0] 0%
3 0 EﬂJ nr{;
Abbreviations” Gl - pastromtestinal; G ~ penrtourinary. Iv- S s e
WERT - intensity-modulated whole pelvic radotherapy. o WPRT o b g e PRI Gt
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Studies on toxicity after IMRT for cervixand endometrial cancer

Histology Postoperative # patients Time interval  Acute grade =3 Chronic
roxicity (%) grade =3
toxicity
(%)

Chen MF et al. |25] cervical yes 54 3 yr 6 2

Shih et al. |26] endometrial yes 46 5 yr 13 (maostly 2
hematologic)

Folkert et al.|27| cervical yes 34 3 yr 35 (mostly 0
hematologic)

Beriwal et al.[30] endometrial  yes 47 3 yr actuarial 0 2

RTOG 418 bath yes Cervical - 40 Cervical - 2 yr  Cervical - 25 -

|34,36,37 |( abstract) Endometrial - 43 Endometnal - (hematologic)
3yr
Hasselle et al.|31| cervical mixed 111 3 yr 2 7
Kidd et al.[32] cervical Intact 135 (recemving mean f/u 22 - 6
IMRT) months

Chen CC et al.|29] cervical intact 109 3 yr 27 (mostly 11
hematologic)

Beriwal et al.[28]| cervical intact 36 2 yr actuarial 33 (mostly 10
hematologic)

UMC Utrecht



Clinical outcome including toxicity

Table 1  Patient characteristics in WP-CRT and WP-IMRT

arms
. R . Characteristic WP-CRT arm WP-IMRT arm
IMRT versus conventional pelvic radiotherapy o > >
Age, median (range) (y) 45 (35-65) 50 (35-65)
* 44 patients YLD
P 1B 13 (59) 12 (55)
1B 09 (41) 10 (45)
o Compa rison IMRT, 3D CRT KPS, median (range) 90 (70-90) 90 (70-90)
* DFS comparable
DFS
g 100 ¥
lrtﬂr\'.titm'.]t\’_lm'.d g 90 :
Radiation Omcology 804
hialogy & physis g 70 : i RT “oddny
; i — WP-CRT
S —— & 6of R B WP-IMRT
g St
Clinical Investigation: Gynecologic Cancer Z 40 [
= b
. . . B Wbl e 4 gy
Early Clinical Outcomes and Toxicity of Intensity 0 5 10 15 20 25 30 35
Modulated Versus Conventional Pelvic Radiation Therapy Time (Months)
. . . Number at risk
for Locally Advanced Cervix Carcinoma: A Prospective ,,:':u,,,'wmm
: 22 21 20 17 12 4 1 0
Randomized Study Oroun: WP-BRT
Ajeet Kumar Gandhi, MD,* Daya Nand Sharma, MD,* Goura Kisor Rath, MD,* 22 2 18 11 7 5 2 @
Pramod Kumar Julka, MD,* Vellaiyan Subramani, PhD,* Seema Sharma, MSc, DRP,* Fig. 2. Disessefree survival of WP-CRT and WP-IMRT am.
Durai Manigandan, PhD,* M.A. Laviraj, MSc, DRP,* Sunesh Kumar, MS,’ Abbreviatons DFS = diseass-free survival: RT = sadistion
and Sanjay Thulkar, MD' herapy; WP-CRT = whole pelvic conventional radistion
*Department of Radiation Oncology, 'Department of Obstetrics and Gynecology, and 'Department of Radiodiagnoss, All heespy; WP-IMRT = whols pelvic intensky moduisted axdiation
India Institute of Medical Sciences, New Delhi, India Serapy.




Clinical outcome including toxicity

* Significant reduction in V40 for rectum, bladder and small bowel

* Significant reduction toxicity

Table 2 Dose—volume histogram characteristics for target coverage and OARs
Characteristic WP-CRT arm  WP-IMRT arm P value

Mean CTV Dgs, Gy 51.95 &+ 0.85 51.26 = 0 .28 42
Mean CTV Nodal Dgs, Gy 52.01 £ 1.1 51.52 + 0.26 243
Mean PTV Dgs. G 49 .44 + 4.37 50.68 £+ 0.40 438
Mean rectum Vgg. % volume 98.37 + 458 42 + 278 .
Mean bladder Vg, % volume 97.54 + 3.78 4244 + 274 L0001
Mean small bowel V40, % volume 61.21 += 14.63 31.66 £+ 3.56 001
Mean small bowel Voo, volume in cm® 417.54 = 42.16 199.89 + 47.08 .005
Mean small bowel V volume in cm?® 336.22 + 37.88 102.47 + 29.09

Mean bone marrow Vg ., % volume 99.44 4+ 2.85 96.05 £+ 361 619 overall
Mean bone marrow Vsq, % volume 098.95 + 3.71 87.24 £+ 4.70 618 G1
Table 3 Acute gastrointestinal and genitourinary toxicity in WP-CRT and WP-IMRT arms G2
Toxicity WP-CRT arm, n (%) WP-IMRT arm, n (%) P value Effect size
Vomiting grade >2 8 (36.4) 2 (9.1) 034 0273 G3
Vomiting grade >3 1 (4.5) 1 (4.5) 156 0
Gl grade >2 14 (63.6) 7(31.8) 034 0.318
Gl grade >3 6 (27.3) 1 (4.5) 047 0.228
GU grade >2 7 (31.8) 5(238) 404 0.08
GU grade > 3 3 (13.6) 0(0) 125 0.136

Chronic GI

toxicity

CRT

50 %
27.3 %
13.6 %
9.1%

MRT

13.6 % 0.011
9%

4.5%

0%

UMC Utrecht



Randomised trial IMRT versus 3D CRT, TMH

A Phase Il Randomized Trial Comparing Intensity Modulated Radiation Therapy
(IMRT) with Conventional Radiation Therapy in Stage IIB Carcinoma Cervix

(NCT00193804/TMH/158/2004): November 2004

v v

100 patients 100 patients
Conventional External RT (40 Gy /20#) IMRT Pelvis (50 Gy/25#)
+|CA —HDR (7 Gy x 5#) +|CA —HDR (7 Gy x 5#)
with Concomitant Chemo-radiation with Concomitant Chemo-radiation

Hypothesis
e IMRT reduces acute and late RT toxicity’s by 15-25%

e Accrual period 5 years, finished

eHowever, 10 Gy more in IMRT arm % UMC Utrecht



Interim analysis, comparable toxicities

Conventional Arm IMRT Arm
Pts randomized 100 100
Compliance to Rx 95 97
Acute toxicities
Acute GI
Grll 15 12
Grlil 03 02
Acute GU
Gril/ Grlll 06 05
Acute hematological
Thrombocytopenia (Gr 11/111) 05 03
Neutropenia (Gr l1/111) 08 03
Anemia Gr | 16 22
Anemia Grll/ 1l 04 04
Late Toxicities
RT Proctitis
Grll 02 09
Gril /v 03 08
RT Cystitis
Grll 03 06
Gr il 01 03

Interim analysis

Higher rate of acute toxicity
with IMRT

Final analysis expected

% UMC Utrecht



PARCER trial (TMH), focus on bowel doses and morbidity

Phase Ill RCT of Postoperative Adjuvant Conventional Radiation (3DCRT)
Vs. Image Guided Intensity Modulated Radiotherapy (IG-IMRT) for
Reducing Late Bowel Toxicity in Cervical Interim Analysis

* Interim analysis

e Significant less volume irradiated with IMRT after surgery

Bowel Dose IMRT 3DCRT P value

V15 Small Bowel
> 275 cc 8(13.1%) 25 (44.6%) <0.0001

V40 Small Bowel
> 150 cc 1(1.6%) 26 (46.4%) <0.0001

V15 Peritoneal Cavity
> 1200 cc 15 (24.5%) 24 (42.8%) 0.06

V40 Peritoneal Cavity
2750 cc 1(1.6%) 20 (35.7%) <0.0001 % UMC Utrecht




PARCER, primary endpoint late bowel morbidity

 Median Follow Up = 20 months

* 14% absolute difference in late Grade > 3toxicity

e Statistically insignificant at interim analysis

Late Grade 2 Il toxicity

11.4% 25% 0.13
(Primary Endpoint)

Late Grade 2 Il toxicity
3.2% 17.8% 0.02

% UMC Utrecht

(Exploratory Endpoint)



New OAR of interest

International Evaluation of Radiotherapy Technology
Effectiveness in Cervical Cancer (INTERTECC): Phase /1l Trial
of Intensity Modulated Radiotherapy

International multicenter Phase II/11l Trial of IMRT (45-50.4 Gy) with Cisplatin CT

Stage I-IVA cervix cancer, primary treatment or post-op, inclusion 425 patients
intended

Primary Endpoint: Acute G3 Hematologic + G2 Gl Toxicity
Intended: Phase Il randomized trial of BM sparing IMRT vs. IMRT/ 3D CRT
Central IMRT QA (MDA and Wash U.)

UCSan Diego 2T “ovaoes
— - RADIOTHERAPY
RADIATION ONCOLOGY = UCSD TtecHnoLociEs

% UMC Utrecht




Conclusion

* |IMRT (including VMAT) offers better possibilities to balance between
tumor dose needed and OAR dose to be avoided than conventional
treatment planning algorithms

* We have medical evidence that IMRT reduces toxicity
 However, IMRT treatment planning offers more degrees of freedom

* Predefined dose parameters are essential for clinically acceptable
treatment plans

* Therefore we must use current knowledge on dose volume relations

% UMC Utrecht

e However, we still need to learn |



Ongoing evidence for improvingtreatment planning

EMBRACE Il study protocol v.1.0

Image guided intensity modulated
External beam radiochemotherapy and
MRI based adaptive BRAchytherapy
in locally advanced CErvical cancer

EMBRACE-II

* Initiative EMBRACE study group within GEC-ESTRO
e Startinclusion 2016, 1000 patients intended
 Aims for EBRT and brachytherapy

e Exclusive IMRT

e SIB boosting for lymph node metastases

e Extension elective field based on defined risk profile % UMC Utrecht



Dose constraint and DVH table for EBRT‘planning in EMBRACE |l

Initial version based on ICRU and literature data

Hard dose constraints Soft dose constraints

Targets PTV4S W95 = 95%
Dmax<107%"
ITV45 Cimin>= 95%
PTW-M{#) D'98% > 90% of prescribed LM dose
Dmax < 107% of prescribed LN dose
CTV-M(#) 058% > 100% D50% = 102%
of prescribed LN dose
Help contour CTW-HRE +10mm Drnax < 103%

OARs

Bowel

Dmax < 105% (47.3Gy)*

When no lymph node boost:

*  WVAOSy < 100cm3**

= VI0Gy < 350cm3**

When lymph node boost or para-
aortic irradiation:

*  WAOGy < 250cm3**

= VI0GSy < S00cm3**

Dmax < 57.5Gy

Sigmoid Dmax < 105% (47.3Gy)* Dmax < 57.5Gy

Bladder Dmax < 105% (47.3Gy)"* VADGy < 75%""
V30Gy < 85%""
Dmax < 57.5Gy

Rectum Dmax < 105% (47 3Gy)* VADGY < 85%**
V3I0GY < 95%"**
Dmax < 57.5Gy

Spinal cord Dmax < 481Gy

Femoral heads Dmax < S0Gy

Kidney Dmean < 15Gy Dmean < 10Gy

Body Dmax < 107%"

Vagina PIB5- When vagina not involved:

2cm Dpw{EGy

Optional Owaries <5-8 Gy
Duodenum*** W55<15cm”

UMC Utrecht



Dose constraint and DVH table for EBRT planning in EMBRACE ||

Current version adapted due to growing experience

No lymph node involvement Involved lymph nodes

Hard dose constraints Soft dose constraints Hard dose constraints Soft dose constraints
_ V42.75Gy = 95%
PTV45 VTJZ'?SGi;f;% VA42.75Gy = 95% LA g Dmax < 107% for helper structure:
max < PTV45 - (PTV-N(#) + 1cm)
1TV45 Dmin > 95% Dmin >95%
Dmax < 103%
CTV-HR + 10mm Dmax < 103% for helper structure:
CTV-HR + 10mm - (PTV-N(#) + 1cm)
PTV-N(#) D98% = 90% of prescribed LN dose D98% = 90% of prescribed LN dose
Dmax < 107% of prescribed LN dose
CTV-N(#) D98% > 100% of prescribed LN dose D50% > 102% of prescribed LN dose
When no para-aortic irradiation:
V40Gy < 250cm’*
Bowel Omax < 105% V40Gy < 250cm™* Dmax < 105% V30Gy < 500cm™*
V30Gy < 500cm™ in regions outside 10-15mm from PTV-N For para-aortic irradiation:
V4DGy < 300cm™*
V30Gy < 650cm’*
. . Dmax < 105%
Sigmoid Dmax < 105% in regions outside 10-15mm from PTV-N
VA0Gy < 60%* Dmax < 105% VA0Gy < 60%*
Bladder Dmax < 105% V30Gy < 80%* in regions outside 10-15mm from PTV-N V30Gy < B0%*
VA0Gy < 75%* Dmax < 105% VADGy < 75%*
Rectum Dmax < 105% V30Gy < 95%* in regions outside 10-15mm from PTV-N V30Gy < 55%*
Spinal cord Dmax < 458Gy Dmax < 48Gy
Femoral heads Dmax < 50Gy Dmax < 50Gy
Kidney Dmean < 156Gy Dmean < 10Gy Dmean < 15Gy Dmean < 10Gy
Dmax < 107%
Body Dmax < 107% in regions outside 10-15mm from PTV-N
Vagina (if not involved) Dpjas-2em < 5GY Degs-2em < 5GY
. 1.10 (v43/Volume of PTV) 1.10 (V43Gy/Volume of PTV
Conformality 1.55 (V36Gy/Volume of PTV) 1.55 {VSﬁGiNalume of PTV)
Transposed ovaries Dmean < 8 Gy Dmean < 5 Gy Dmean < 8 Gy Dmean <5 Gy
Duodenum V55 < 15cm” V55 < 15cm” IMC UtrECht

Percentages of 45 Gy unless stated otherwise for nodes
Dmax and Dmin for MC plans based on D99.9% and D0.1%

* Soft constraints which can be used in the treatment plan optimisation. Values are based on the clinical
data of EMBRACEII patients entered in the study before June 2017. The constraints are not supposed to be
fulfilled by all patients, but rather by ~70-80% of the patients.



Why such a difference?

e DVH parameters for EMBRACE Il were initially based on ICRU guidelines and literature evidence

e Hard and soft constraints were based on current evidence for dosimetric gain and clinical
outcome improvement

e  First planning experience using these parameters revealed that
e  DVH constraints not sufficient for conformal dose planning
e  For spatial dose distributions still room for improvement
e  More parameters to be defined, especially for patients with lymph node metastases

e  Commercially available treatment planning systems need quite specific information when
conformal dose distributions are intended

e Example: 45 Gy elective, nodal boost up 55 Gy obturator region, 55.7 Gy common iliac region

% UMC Utrecht



Based on broader treatment planning experience DVH constraints could be adapted for patients
with and without nodes

Current table is provided based on data from 52 patients and 3 centers

Aim is that values for soft constraints should be reached in 70-80%, allowing for outliers in case
of exceptional anatomy or other planning problems

DVH parameters are tight but feasible for different treatment planning systems

Percentage of 70-80th Updated
Soft constraint . e patients complying percentile planning
planning guidelines o o
to original guidelines

EMBRACEII protocol

Bowel V40Gy (cm?3)
No para-aortic irradiation V30Gy (cm?3) <275 <500
Bowel V40Gy (cm3) <220 <300
Para-aortic irradiation V30Gy (cm?3) <450 <650
V40Gy (% <55 <60
Bladder y (%)
V30Gy (%) <80 <80
VA0Gy (%) <75 <75
Rectum
V30Gy (%) <90 <95
Body Conformality (V43/Volume of PTV)

Data September 2017

UMC Utrecht
Try to find the best balance between tumor and OAR dose!



Impact on dose distribution

Comparison EBRT volumes treated in EMBRACE | and EMBRACE Il
* V 43Gy reduced with about 1000 cc

Pelvic PTV and V43Gy in EMBRACE [ and EMBRACE 11 Courtesy Thomas Berger
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Impact on dose distribution .

Comparison EBRT volumes treated in EMBRACE | and EMBRACE II

—, EMBRACE | i | fMBRACE I
| J

Courtesy Thomas Berger
UMC Utrecht




To consider beyond dose constraints and DVH parameters

e Treatment plan evaluation is based on DVH parameters and assessment of spatial dose distribution
e  Cooperation of radiation oncologist, clinical physicist and RTT essential

e |mportant to realize that treatment planning reflects anatomical situation at one moment in time

e  Current CTV-ITV-PTV margins take into account anatomical changes of targets but not OAR

e Daily CBCT position verification allows to detect anatomical changes for targets and OAR

e Plan adaption during the course of EBRT can be necessary in case of major anatomical chances

e Adaptive IGRT accounts for these changes in a structured way and will help to improve balance
between tumor and OAR dose

e  Our knowledge on dose constraints and DVH parameters is constantly improving

% UMC Utrecht



External Beam Treatment Techniques and
Optimization — Physics aspects

Jamema Swamidas PhD, Mumbai
Prof. Taran Hellebust PhD, Oslo
Prof. Kari Tanderup PhD, Aarhus

. ESTRO ESTRO teaching course

| School Prague 22-26 Oct 2017




What kind of techniques do
we have?

AP-PA / Four Field Box — Radiograph based
3DCRT

IMRT

VMAT

Helical Tomotherapy

Proton Therapy



Which Technique do you use in

your clinic
A. 4F Box 25%  25%  25%  25%
B. IMRT l
C. VMAT
D. Helical
Tomotherapy & & & &®



AP/PA or 4F box — Radiograph based




AP/PA vs 4F Box

-
16.3 K& 1078
Transportin i franspnrl in
medium medium
Dose to medium Dose to medi
y ¥
y
y - y ~
0 = 080

0 )

O AP-PA

B Four field box

volume in cc

O AP-PA
bowel 30 Gy bowel 42.75 Gy B Four field

bladder 30 Gy bladder 42.75 Gy

Van de Bunt et al 2006

rectum 30 Gy rectum 42.72 Gy
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Forward planning

Energy

Number of fields
MLC shape
Field Weights 0
Wedges

Iteratively change



Inverse Planning




Inverse Planning — what is
available

W
VMAT
Helical Tomotherapy

IMPT



Inverse Planning - Issues

* Beam Modelling

* Treatment Planning




Inverse Planning - Beam Modeling

e Dosimetric accuracy of the IMRT plan delivery
depends on the accurate representation of

v'Beam Penumbra — MLC.

v’ transmission and scattering properties of MLC

v Qutput factor for small field size.

v" Accuracy of dose calculation algorithm.

v Approximations of leaf sequence generation algorithm.
v’ Leaf positioning accuracy.



Inverse Planning — Treatment Planning

* Planning objectives (with priorities)
» Dose to target (Hard Constraint)
« Dose to OAR (Soft Constraint)

» Low dose spillage

* Optimization Volumes



Planning Objectives for target e.g —
EMBRACE Il

* PTV 45:V95% > 95%
* |TV 45 Dmin >95% (42,75Gy)

 PTV-(N#) D98 > 90% of prescribed dose
* ITV-(N#) D98 >100% of prescribed dose
e If possible ITV-(N#) D50% > 102% of prescribed dose



[
o UJD|€E C JAR e.g
C U U
(J (J
RRA
|
When no para-aortic irradiatiop:
VA0Gy < 250cm?*
V40Gy < 250cm®* Dmax < 105% V30Gy < 500cm3*
B | D < 105%
owe max V30Gy < 500cm?* in regions outside 10-15mm from PTV-N For para-aortic irradiation:
V40GY < 300cm**
V30Gy < 650cm**
Dmax < 105%
Si id D < 105%
‘smot max in regions outside 10-15mm from PTV-N
VADGY < 60%* Dmax < 105% VADGYy < 60%*
Bladd D < 105%
adaer max V30Gy < 80%* in regions outside 10-15mm from PTV-N V30Gy < 80%*
VADGY < 75%* Dmax < 105% VADGy < 75%*
Rectum Dmax < 105%
V30Gy < 95%* in regions outside 10-15mm from PTV-N V30Gy < 95%*
Spinal cord Dmax < 483Gy Dmax < 48Gy
Femoral heads Dmax < 506Gy Dmax < 50Gy
Kidney Dmean < 15Gy Dmean < 10Gy Dmean < 15Gy Dmean < 10Gy
Dmax < 107%
Bod Dmax < 107%
¥ in regions cutside 10-15mm from PTV-N
Uﬂginﬂ (if not involved) Dpgsaom = SG"," Dpgsaom = SGY
. 1.10 (v42.75Gy/Volume of PTV 1.10 (v42.75Gy/Volume of PTV
Conformality q l: VN ) l: yN
1.55 (V36Gy/Volume of PTV) 1.55 (V36Gy,Volume of PTV)
Transposed ovaries Dmean < 8 Gy Dmean < 5 Gy Dmean < 8 Gy Dmean < 5 Gy
Duodenum V55 < 15cm? V55 < 15cm3

Percentages of 45 Gy unless stated otherwise for nodes
Dmax and Dmin for MC plans based on 039.9 and D0.01

* Soft constraints which can be used as optimisation censtraints as they are not based on clinical evidence.
The constraints are not supposed to be fulfilled by all patients, but rather by ~70-80% of the patients.



What is the hard constraint to

PTV - primary in your department?

A
B
C
D

. PTV—=p :V95% > 95% 25% 25% 25% 25%

. PTV—-p :V100% > 95%
. PTV—p:V90% > 95%
. PTV—p:V95% > 100%

PTV-p: PIV—-p: PIV-p: PTV-p:
V85% > V100% > V90% > V95% >
95% 95% 95% 100%



Conformality in IMRT can be
qguantified as
A. V43Gy /VPTV =1.1
33% 33% 33%

B. V36Gy/ VPTV =
1.55
C. All the above.

V43Gy /V ~ V36Gy/ V All the
PTV =11 PTV =1.55 above.



Optimization volumes e.g : 0C PTV45

oc PTV45 = PTV45 cropped with 1cm to PTV-N(#)
e . r Y LT\

o )
0C PT¥45)1{ .

- ;

Purpose:

To reduce Dmax in
areas away from boost.
Dmax < 107% of 45Gy

oc PTV45 mean: 45.1Gy to 45.5Gy

Courtesy :Marianne S Assenholt



Coverage Probability - CoP

90% isodose level
100% isodose level
102% isodose level

Courtesy :Marianne S Assenholt



Optimization volume: O PTV-(N#)

o PTV-(N#) = PTV-(N#) subtract ITV-(N#)

Purpose:
press down the dose around ITV-(N#)

Dmax = 100% of prescribed dose ‘ "
Dmin = 90% of prescribed dose. ' L ITV-

Courtesy :Marianne S Assenholt



Coverage Probability Principle aims

A.

. To deliver edge dose

To generate 25%  25%  25%  25%
heterogeneous dose
across PTV —N

. To deliver central

dose >100%

Q' " O @
to cool down to 90%. ¢ & e
S $ @ N
. All of the above S A U
K & v
¥ Q}Q\S\



Aware of BT region during IMRT —
Avoid hot spots

~

PTV45
ITV45
-Homogen

Red area: Dose > 103% of 45Gy
Colored area: Dose > 95% of 45Gy
Courtesy :Marianne S Assenholt



Optimization volume: 0 HOmogen

o Homogen = Homogen cropped with 1 cm to PTV-N(#).
Purpose:

To avoid dose higher than 103% of 45Gy.

Especially around bladder, rectum
and sigmoid hot area should be

avoided, because in the homogen
area brachy dose is added to the N
external beam dose.

Courtesy :Marianne S Assenholt



Organs at risk — ALARA

—

Bowel

Bladder | Often partly inside target
Rectum Only soft constrains
Sigmoid _|

Femoral heads Dmax < 50Gy

Spinal cord Dmax < 48Gy
Kidney Dmean < 15Gy




Competing plans - DVH for OAR
Relative dose [%]
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Which is the good plan in terms of
low dose spillage?
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What is one major advantage of
IMRT over 4F Box

A. Reduced bowel dose 25% 25% 25%  25%
B. Increased Low dose l l
volume
C. Reduced dose to
Rectum .
SHENC S S
D. Reduced dose to N R S o
> c:;ab @ %Q,‘-
Bladder. & F
Q‘b \Q‘é Qe'b D@b
& 6} 5‘}



CRT vs IMRT, meta-analysis

Table 1 Basic characteristics of papers analyzed

First author, Country Prescribed Sample size Organs at risk Level of the dose, Gy
[Reference] dose, Gy IMRT 3D-CRT"

Heron DE [20] A IMRT significantly reduced the average 22%%®

Chen MF [36] Taiwan 5,10, 15, 20, 25, 30, 35, 40, 45
Mell LK [30] LISA percent of the rectum volume that was & 0 2, 30 20 4

Igdem S [31] Turkey . . 5,10, 15, 20, 25, 30, 40, 45

' irradi > nd for th

Roeske JC [37] LISA adiated to dose 30 Gy and for the 5,10, 15, 20, 25, 30, 35, 40, 45
Portelance L (17 USA small bowel volume > 45 Gy 5
Lujan AE [38] LISA oy 1y, 1y, BOTIE [Tl TOwW 5, 10,15, 20, 25, 30, 35, 40, 45
Brixey CJ [39] LISA . 36 88 lliac crest, Lumbar spine, Sacrum 5 10,15, 20, 25, 30, 35, 40, 45
Ahmed RS [27] LISA : 5 5 Bone marrow 5,10, 15, 20, 25, 30, 35, 40, 45
A 2 3 3

Vel K7 — In the bladder and bone marrow, the 220 %

Mundt AJ [38] LISA .10, 15, 20, 25, 30, 35, 40, 45

Salama JK [40] USA advantages of IMRT over CRT were not 571015 20 2,20 35, 4,4
significant 510,15, 20, 25, 30, 35, 40, 45

Georg D [41] Austria

" intensity modulated radiotherapy; ~

Yang et al Radiat Oncol 2012




IMRT vs VMAT
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IMRT vs VMAT (RapidArc)

8 patients with ca. cervix

Bladder-PTV Small Bowel-FTV Healthy Tis.
N [T I NS T 100 | R;Iapid.ﬁ.rc . 'F,; e
N — ; ] I — RapidArc
™, —Rapigare | } - -IMRT — - IMRT
gof % % - 80,
= V\\' \\ “»-.? I{I.\
£ gof X W - 5 60 N
OEJ \ '\ - g [ 'l\-}"—‘&h
3 40} ) | S 4of -
=S \ ; k \". -
R N I
20 0 . 20¢
.\..\ T :
0 =3 gy G 0
0 20 40 60
Dose [Gy]
Rectum-PTV
100~-<.'~_‘_'____:'\ P '_'R'api'dAr'c ' Parameter  Objectives IMRT RapidArc p
% Ve, meIMRT
80} T 9 ectum-PTV Mean (Gy) <45 42.5 36.3 0.02
%so_ V.106,(%) Minimise  78.7 51.5 0.03
§ # D,0,(GY) <475 50.9 51.1 0.65
> ™~
Degos(GY) <30 44.1 38.0 0.02
20f
Bladder-PTV Mean (Gy) <42 36.6 30.3 0.001
% V 406(%) Minimise  40.5 20.2 0.01
D.0,(GY) <475 47.8 46.9 0.04

Cozzi et al R&0O 2008, Qiao L 2016 et al Degos(GY)

<35 36.6 29.0



VMAT FF vs FFF

No differences in dose distribution between for
OARs and target.

Reduction of beam-on time

11% less for 6FFF-VMAT and 16% less for 10FFF -
\VA\YVANS

Fuli Zhang et al. Oncology and Translational Medicine August 2016, Qiao et al



IMRT vs IMPT

IMPT




VMAT vs IMPT

van ide Schoot et ail , 2016



http://www.tandfonline.com/author/van+de+Schoot,+Agustinus+J+A+J

IMRT vs IGBT vs IMPT

R - - P —

George et al, 2008



IMRT vs IGBT

* For IMRT CTV-PTV margins is needed, i.e. a larger
volume, compared to brachytherapy, has to be
treated .

* D90 for IMRT was lower compared to BT for most
of the patients.

*The volumes receiving intermediate doses (>60Gy)
are much larger for IMRT.

* The importance of very high central doses are most
likely of major importance for the excellent local
control obtained with brachytherapy

Advanced BT Is superior to IMRT



Conclusion

3DCRT vs IMRT — Significant organ sparing

— Bowel and rectum dose

Inverse Planning
— Constraints
— Optimization volumes

IMRT vs VMAT - Significant reduction of MU

VMAT vs IMPT — Significant reduction of dose
to OARs

Advanced BT Is superior to IM(R/P)T
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Nodal boost

Background, Techniques
Dose Contribution of Brachytherapy

Ina JUrgenliemk-Schulz
University Medical Centre Utrecht, The Netherlands

STROGYNT G COURSE Prague 2017
P @



Surgical series

Risk of nodal disease related to stage, invasion depth and LVSI

Depth of invasion Risk of Pelvic N+
<3 mm <1%
3-5mm 1-8%
6—10 mm 15 %

11 -15mm 22 %

LVSI Risk of Pelvic N+
Absent 8%
Present 25% I

Inoue et al. Cancer 1984

Delgado G, et al. (GOG s necol Oncol 1989
ia L, et al. Cancer @
Philips Te ‘l




Inoue et al. Cancer 1984

do G, et al. (GOG study
al. Cancer 1990

al. Cancer

Lymph Node Staging by Positron Emission Tomography in

Cervical Cancer: Relationship to Prognosis

Elizabeth A. Kidd, Barry A. Siegel, Farrokh Dehdashti, Janet S. Rader, David G. Mutch, Matthew A. Powell,
and Perry W. Grigsby

Table 2. Comparison of Pelvic and Para-Aortic Lymph Node Metastasis by
Stage From Combined Historical Data®'6-1? and Data From This Study
With FDG-PET Lymph Node Staging

Pelvic Nodal Para-Aortic
Metastasis (%) Metastasis (%)

FIGO Historical Current Historical Current
Stage Data Study Data Study
[ 12-38 9-51 0-5 0-9
[1A 10-45 50 0-12 21
1B 26-62 54 10-21 17
A 39-69 50 21-33 25
B/ 39-88 55-85 13-38 27-60

Abbreviations: FDG-PET, positron emission tomography with ['®Ffluoro-
deoxyglucose; FIGO, International Federation of Gynecology and Obstetrics.

Berman ML, et al. Gynaecol Oncol 1984

[ 1989 Christiensen A, et al. Acta Obstet Gynecol 1964

Wharton J, et al. Obstet Gynecol 1977
Hackett T‘lt al. Gynecol Oncol 1995




JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Lymph Node Staging by Positron Emission Tomography in

Cervical Cancer: Relationship to Prognosis

Elizabeth A. Kidd, Barry A. Siegel, Farrokh Dehdashti, Janet S. Rader, David G. Mutch, Matthew A. Powell,
and Perry W. Grigsby

‘©

=

=

.

=

w)

Q

=

()

D

o

«?

[ab]

7

©

3 0.2 | A/A Stage | LN-/LN+

3 O/w Stage Il LN-/LN+ ’

e/® Stage Il LN-/LN+ P <.001
1 1 1 1 1 ]
0 20 40 60 80 100 120

Time (months)

A ~ Kidd EA., et al. JCO 2010



Overal survival
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Radiotherapy and Oncology 107 (201 3) 65-74

lists available at ScienceDirest

Radiotherapy and Oncology
[}

e i
ELSEVIER journal homepage: www.thegresnjournal.com

Image guided brachytherapy

Clinical outcome and dosimetric parameters of chemo-radiation including MRI
guided adaptive brachytherapy with tandem-ovoid applicators for cervical
cancer patients: A single institution experience

Christel M. Nomden *-*, Astrid A.C. de Leeuw *, Judith M. Roesink®, Robbert | H.A. Tersteeg *,

Marinus A Moerland?, Petronella O. Witteveen ", Henk W. Schreuder®, Eleonore B.L van Dorst %,
Ina Maria Jii rgenliernk-Schulz

3 University Medicel G Uisecht, Radiztion Oncolagy, The Aesherkand:: B University Medionl Cener Urechs Medicnl Oncodogy, The Nesheskends: “University Medionl Cater
of o i i dogicn] The

Lirechs Division of Waman end Baby,

L

p=0.032

0.4+

i
o
3
Overal survival

0.2+
p=0.007

o

10

0.64 ¢
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*  nodes

~+— no nodes
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Pettersson Fi@hal. Int J Gynaecol Obstet 1992
Inoue T, et al. Cancer 1990



Tnt. J. Radiation Oncology Biol. Phys.. Vol. 76, No. 5, pp. 1396-1403, 2010
Copyright © 2010 Elsevier Inc.
Printed in the USA. All rights mserved
0360-3016/10/8—see front matter

doi:10.1016/].ijrobp.2009.04.009

CLINICAL INVESTIGATION Cervix

PATTERNS OF REGIONAL RECURRENCE AFTER DEFINITIVE RADIOTHERAPY FOR
CERVICAL CANCER

Bern M. Beapie, M.D., Pu.D..* Anura JuinGran, M.D.,* Sue S. Yom, M.D., Pu.D.*
PeprO T. RAMIREZ, M.D.,‘t AND Patricia J. EreL, M.D.*

Departments of *Radiation Oncology and TGym:colug'u: Oncology. The University of Texas M. D. Anderson Cancer Center,

Houston, TX
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Inside the field = problem with dose and detection

Outside and marginal = geographical miss

@&
Beadle BM, et al. IJROBP 2010



Sub-study on nodal recurrence within
EMBRACE (work in progress)

Nodal failure

. . o (n= 86 patients)
1077 patients, all stages cervix cancer, MO (1) e

* Overall node control 93 % (at 2 years)
— 12 % recurrences in N1 patients
— 5% in NO

e At time of diagnosis majority of pathologic
nodes in the pelvis

e At time of first relapse majority at upper field

Percentage of patients with pathologic
border/PAO lymph nodes at time of diagnosis (left) and

the percentage of patients with nodal failure
(right) per nodal region

Inside the field = problem with dose and detection V' 4
Outside and marginal = geographical miss




Better detection of affected nodes and boost target

Imaging
« CT
* MRI
« PETCT




GTV for nodal RT boost

Imaging: indirect proof (morphological & functional characteristics)

Gyn Radiat Oncol
Springer Book 2011

| Sensitivity | | Specificity |

| 21-73% | [ 82-93% |

[ 68-94% | [ 95% | Pelvis

(33-100% | [ 95-99% | PAO

MRI and PET-CT preferable over CT

New contrast agents and tracers....

Hricak.H, et al. Am J Reentgenol. 1996, Olpin J, et al. Imaging. In: Gynecol Radiat Therapy...eds. Viswanathan AN, et al.
Perez-Medina et al. lat' Js«Gyn Cancer 2013, Oncoline.nl/cervixcarcinoom



http://oncoline.nl/cervixcarcinoom

GTV for nodal RT boost

Example

Node 8 mm, PET negative, no boost

At diagnosis 4t week of EBRT 6 weeks post-CRT 12 months post-CRT

Irregular appearance Nearly gone Nearly no rest Nodal failure
and irregular border in week 4 6 weeks after
treatment

DO B




Imaging: indirect proof (morphological & functional characteristics)

Consider nodal involvement if

1. Nodes are PET positive
e Also PET negative nodes can contain metastases!
e Small ones if cell load low
* Big ones if large necrotic center

2. Nodes > 10 mm short axis diameter on CT or MRI
* (Can be reactive!

3. Nodes between 5 and 10 mm on MRI if

* PET positive

* Irregular shape

* Lost nodal architecture

* Inhomogeneous appearance (“necrotic center”)
* Irregular border

y 4
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Should we add margin around the nodal GTV?

The risk of ECE in operable cervix cancer

* 95 patients (stage I, I1)
® 52 % of N+ cases had ECE

Metindir J, et al. Eur J Gynaecol Oncol 2008

What about locally advanced inoperable cases?

4

y 4




What should be the margin around the nodal GTV?

MDAH Study, 96 nodes with ECE, head and neck cancer

No corellation: nodal size - ECE distance

Lymph Node Size (mm)

y 4

35

* Median ECE: 1.6 mm
e Range:0.4-9 mm

* 96 % nodes: < 5mm

3% o8 g 8

NN N N

r =086

Frequency (%)

-
w
1

-
(=]
1

5

(=]
1

01 1-2 23 3-4 45 5-6 67 7-8 89
Extracapsular Extension (mm)

Apisarnthanarax S, et al. IJROBP 2005



From GTV to CTV

What should be the margin around the nodal GTV?

The risk of extracapsular extension (ECE) has to be taken into account!

@

* Consider 3-5 mm around nodal GTV for ECE (and internal position shifts)
* Take into account anatomical barriers (muscle, bone, surrounding organs)
* Node CTV should be included in the elective CTV (45 -50 Gy)

y 4 -




EBRT techniques for nodal boost

“Standard” approach

Week 1-5 Week 6-7

RT technique

e AP/PA or 3D Conformal RT
e Avoid central pelvis irradiation

Can we improve?

- e




Can we improve the technique?

IMRT- GAINS:

Smaller and highly conformal treated volumes

e Dose escalation = T disease control?

e | Doseto organs at risk — J complication rates?

3D CRT (AP/pA)

y 4

Sigmoid volume [cc]

il bk |

Patient number

M AP-PA
IMRT

average

)

L. Dijkstra, E.Kerkhof




Improving the technique !

IMRT- PITFALL:

Uncertainties in hitting the target volume

Nodes shrink to about 50 % of initial volume

Schippers M, et al.: 48 nodes contoured on MRl in 15 pts

3

volume lymph nodes (MRI)

25 —@

2

&
v

15

Pre-treatment V = 2.5 cm?3

\\

volume (cc)

1

RO)

0.5

-

Post-treatment V = 1.2 cm3

0

pre

week1

week?2

week3

week4

y 4
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EBRT techniques for nodal boost

Improving the technique !

IMRT- PITFALLS:

Uncertainties in hitting the target volume

Nodes move: up to 8 mm, majority < 4 mm

Maximal margins (computer)

margin (ml)
O B N W M 00 O N Qo ©
N

med lat ant post sup inf

Less movement than primary tumor, but should be taken into account!




| EBRT techniques for nodal boost

Improving the timing ?

Sequential boost — pro
Regression and brachy dose can be taken into account

Week 6-7

pEn e -



Can we improve the timing?

Concomitant boost - pros :
Reduction of totally administered dose
Reduction of overall treatment time !

;Aarhus University Hospital, Courtesy: Jacob Lindegaard




Classical radiation dose-control data

Control of

Control of Tumor Achieved
Size of Tumor Achieved with Cisplatin
Tumor with| 6000|rads and| 6000 |rads
2 cm 90% 949%,
2—4 ¢cm 75% 85%
4-6 cm 65% 0%
6 cm 55% 74%
/4
@&

y 4

From: Kupets R, et al. Gynecol Oncol 2002



Int. J. Radiation Oncology Biol. Phys.. Vol. 59. No. 3. pp. 706 w
Copyright © 2004 Else® .

Printed in the USA. All rights reserved
0360-3016/04/$—see front matter

rh

ELSEVIER doi:10.1016/j.ijrobp.2003.12.038

CLINICAL INVESTIGATION Cervical

LYMPH NODE CONTROL IN CERVICAL CANCER

Perry W. GrigsBy, M.D_*T8 ANurac K. Stvah, M.D.,*® Barry A. SteGer, M.D..T$
FARROKH DEHDASHTI, M.D.,T§ JANET RADER, M.D.,f£§ AND IMRAN ZoBERI, M.D.*3

*Department of Radiation Oncology and "Division of Nuclear Medicine, Department of Radiology. Mallinckrodt Institute of
Radiology: “Division of Gynecologic Oncology, Department of Obstetrics and Gynecology; and SAlvin J. Siteman Cancer Center,
Washington University School of Medicine, St. Louis, MO

Purpose: The aim was to evaluate pretreatipentIvinphnodesizeirradiation dosc.and failure patferns.

Methods: Pretreatment PET and CT were performed in 208 patients. Lymph nodes were scored as either positive
or negative by PET and lymph node size was measured by CT. Lymph node irradiation dose and sites of failure
were recorded.

Results: The mean pelvic lymph node doses were: PET negative nodes, =1 cm, 66.8 Gy, and 0/76 failures; PET
positive nodes, =1 cm, 66.8 Gy, and 3/89 failures; 1.1-=2 c¢m, 66.9 Gy, and 0/21 failures; 2.1-=3 c¢m, 69.4 Gy,
and 2/15 failures; and 3.1 to =4 ¢m, 74.1 Gy, and 0/5 failures. The mean paraaortic lymph node dose was 43.3
Gy and there were no paraaortic failures for 24 patients with PET positive =1 c¢cm nodes, 0/5 failures for 1.1 to
=2 cm, and 0/4 failures for 2.1 to =3 cm. The most common site of failure was distant metastases.
Conclusions: The irradiation doses given in this study were adequate to control most lymph node metastases.
Positive lymph nodes of any size at diagnosis were the most significant predictor for developing distant

metastases. © 2004 Elsevier Inc.




208 patients, all stages cervix cancer

Lymph node status defined by CT and
PET

— all enlarged nodes and some small ones
were PET positive and were boosted

Pelvis

— Doses level depending on node size
— Overall rather high doses 67 — 74 Gy

PAO

— Lower dose, mean 45, max 60 Gy

Excellent node control

Table 1. Pelvic lymph nodes

Mean lymph
Patients node dose  Pelvic lymph

Lymph node status (no.) (Gy) node failure
PET negative 76 66.8 0/76
PET positive/CT =1 cm 89 66.8 3/89
PET positive/CT >1 cm 21 66.9 0/21

to =2 cm
PET positive/CT =2 cm 15 069.4 2/15

to =3 cm
PET positive/CT >3 cm 5 74.1 0/5

to =4 cm
PET positive/CT >4 cm 2 70.1 0/2

to =5 cm
Total 208 67.2 <5/208 >

Table 2. Para-aortic lymph nodes

Mean lymph
Patients

node dose Paraaortic lymph

Lymph node status (no.) (Gy) node failure
PET negative 175 0 1/175
PET positive/CT =1l em 24 43.9% 0/24
PET positive/CT >>1 cm 5 45% 0/5
fo =2 cm
PET positive/CT >2 cm 4 33.9 0/4
to =3 cm
Total 208 —




Acta Oncolo, , 2015; arly Online: 1-7 Taylor & Francis
e Tadlee & Francis Group

ORIGINAL ARTICLE %l EMBRACE {:nnéﬁ,u.;,d.LZJJm.,.py }

inlocally Advanced CErvical cancer

Impact of radiation dose and standardized uptake value of (18)FDG
PET on nodal control in locally advanced cervical cancer

ANNE RAMLOV!, PETRA S. KROONZ, INA M. JURGENLIEMK-SCHULZ2,
ASTRID A. C. DE LEEUW?, LARS CHRISTIAN GORMSEN?, LARS ULRIK FOKDAL',
KARI TANDERUP! & JACOB CHRISTIAN LINDEGAARD!

! Department of Oncology, Aarhus University Hospital, Denmark, 2 Department of Radiation Oncology,
University Medical Center Utrecht, The Netherlands and *Department of Nuclear Medicine and PET Center,
Aarhus University Hospital, Denmark

smsrasor I

Background. Despite local control now exceeding 90% with image-guided adaptive brachytherapy (IGABT), regional
and distant metastases continue to curb survival in locally advanced cervical cancer. As regional lymph nodes often
represent first site of metastatic spread, improved nodal control could improve survival. The aim of this study was to
examine optimal volume and dose of external beam radiotherapy (EBRT) to maximize regional control including dose
contribution from IGABT.

Material and methods. In total 139 patients from the EMBRACE study were analyzed. Individual nodal dose was
determined by dose-maps from EBRT and IGABT. All PET/CT scans were re-evaluated and nodal maximal standard
uptake value (SUV ) was determined. Nodal failures were registered to planning scans and related to boosted nodes
and treated volume. Relation between SUV__ and nodal control as well as the pattern of regional nodal failure were
analyzed.

Results. Eighty-four patients were node positive. Nine patients had all metastatic nodes surgically removed. Seventy-
five patients had 209 nodes boosted with EBRT. Median nodal boost dose was 62 Gy EQD2 (53-69 Gy EQD2). Median
SUV_ .. was 6 (2-22). No patients had persistent nodal disease. but six patients recurred in a boosted node. SUV_,
was significantly higher in nodes that recurred (p= 0.02). However, there was no correlation to nodal dose or volume.
Twenty-one patients had a nodal failure including para-aortic nodal (PAN) metastases above the irradiated volume. Nine
patients had a PAN-only failure. Patients receiving =4 cycles of weekly cisplatin had higher risk of nodal failure
(p=0.01).

Conclusion. Current RT practice provides a high level of control in both boosted nodes and the elective irradiated
regional target. However, a high nodal SUV __is a negative prognostic predictor for nodal control. Attention should be
raised to administration of a complete schedule of concurrent chemotherapy as well as treatment of para-aortic nodes.

Py -




139 patients, all EMBRACE

All stages cervix cancer, 84 N1

209 nodes identified
D98 mean 62 Gy EQD2 (53 to 69)
Including BT contribution

Excellent control in boosted nodes

Initial SUVmax higher in nodes that relapsed

More failures when chemo <5 cycles

y 4
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Pelvic Lymph Node F-18 Fluorodeoxyglucose
Uptake as a Prognostic Biomarker in Newly
Diagnosed Patients With Locally Advanced
Cervical Cancer

18 1 1 1 1 1 1

Mean SUVPLN= 6.9

(Mean SUV iy =
14)

Number of Patients

O N & OO ®
Rt 1

o -+

5 10 15 20 25 30 35
Pelvic Lymph Node SUVmax
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L L
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Pelvic Recurrence-Free Survival
N

19 i 1 B
2
SUVp,y < 4.3 251 SUVpy<43 | 58] [
(7] s SUVpn <4.3
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FDG-PET is a prognostic biomarker predicting treatment response !

Elizabeth A. Kidd, MD": Barry A. Siegel, MD?3; Farrokh Dehdashti, MD?*: and Perry W. Grigsby, MD"23# Cancer, 2010



Impact of boost irradiation on pelvic lymph node control in patients
with cervical cancer

Masaru WAKATSUKI!*, Tatsuya OHNO?, Shingo KATO?, Ken ANDO?Z2, Shin-ei NODA?2,
Hiroki KIYOHARAZ, Kei SHIBUY A2, Kumiko KARASAWA!, Tadashi KAMADA!
and Takashi NAKANO

'Research Center for Charged Particle Therapy. National Institute of Radiological Sciences, 4-9-1 Anagawa, Inage-ku, Chiba
263-8555, Japan

?Department of Radiation Oncology, Gunma University Graduate School of Medicine, 3-39-22 Showa-machi, Maebashi,
Gunma 371-8511, Japan

Department of Radiation Oncology, Saitama Medical University International Medical Center, 1397-1 Yamane, Hidaka,
Saitama 350-1298, Japan

*Corresponding author. Research Center for Charged Particle Therapy, National Institute of Radiological Sciences, 4-9-1
Anagawa, Inage-ku, Chiba 263-8555, Japan. Tel: +81-43-206-3360; Fax: +81-43-256-6506; Email: masaru.wakatsuki @nifty.com

(Received 14 December 2012; revised 9 July 2013; accepted 10 J

Radiation therapy (RT) for metastatic pelvic lymph nodes (PLNs) is not well established in cervical cancer. In
this study the correlation between size of lymph nodes and control doses of RT was analyzed. Between
January 2002 and December 2007,_245 patients with squamous cell carcinoma of the cervix treated with a
combination of external beam irradiation with or without boost irradiation and high-dose rate brachytherapy
were investigated. Size of lymph node was measured by computed tomography before RT and just after 50 Gy
RT. Of the 245 patients, 78 had PLN metastases, and a total of 129 had enlarged PLNs diagnosed as metasta-
ses; 22 patients had PLN failure. The PLN control rate at 5 years was 79.5% for positive cases and 95.8% for
negative cases. In cases with positive PLNs, 12 of 129 nodes (9.3%) developed recurrences. There was signifi-
cant correlation between PLN control rate and size of PLN after 50 Gy (<10 mm: 96.7%, = 10 mm: 75.7 % ’
(P<0.001)). In addition, the recurrence in these poor-response nodes was significantly correlated with dose of
RT. Nine of 16 nodes receiving <58 Gy had recurrence, but none of 21 nodes receiving >58 Gy had recur-
rence (P =0.0003). These results suggested that the response of lymph nodes after RT was a more significant
predictive factor for recurrence than size of lymph node before RT, and poor-response lymph nodes might
require boost irradiation at a total dose of >58 Gy.

y.— 4 P =




Lymph node status by CT and MRI at diagnoses and after 50 Gy
* Total node dose mean 55 Gy (43-60)
* Good response group with node size < 10 mm after 50 Gy

* Bad response group

Excellent node control
* 3 recurrences in good response group, no relation with dose
* 9/37 recurrences in bad response group, but none after > 58 Gy

Radiation for PLN in cervical cancer 143

Table 4. The correlations between lymph node recurrence and dose of external radiation were analyzed in the good response and poor
[ESPONSE Zroups

Long axis after 50 Gy Long axis after 50 Gy
= 10 mm <10 mm
[ poor response group) {zood response group)
Rec Control Total Ree Control Total
=58 Gy (EQD2) 9 7 16 58 59
=58 Gy (EQD2) 0 21 2 2 5 33
= 0.0003 = ().604

Total 9 @ 37 3 92

P=0.001

Rec = ecumence.
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Extended Field Intensity Modulated Radiation
Therapy With Concomitant Boost for Lymph
Node—Positive Cervical Cancer: Analysis of Regional
Control and Recurrence Patterns in the Positron
Emission Tomography/Computed Tomography Era

John A. Vargo, MD,* Hayeun Kim, MS, DABR,* Serah Choi, MD, PhD,*
Paniti Sukumvanich, MD," Alexander B. Olawaiye, MD,’

Joseph L. Kelley, MD,’ Robert P. Edwards, MD,’ John T. Comerci, MD,’
and Sushil Beriwal, MD*

Departments of *Raodiation Oncwlogy and ‘Gynecologic Oncology, University of Pittsburgh Cancer

Purpose: Positron emission tomography/computed  tomography  (PET/CT)  is
commonly used for nodal staging in locally advanced cervical cancer; however the
false negative rate for para-sortic disease are 20% o 25% in PET-positive pelvic nodal
disease. Unless surgically staged., pelvis-only treatment may underireat para-aortic dis-
ease. We have treated patients with PET-positive nodes with extended field intensity
modulated radiation therapy (IMRT) to address the para-aortic region prophylactically
MEMMMMmWMMaMEEﬁHSEWMM

Hnnfﬂmds md Hatlmals Stxty-one patients wﬂh cervical cancer (stage TBI-TVA) diag-
nosed from 2003 to 2012 with PET-avid pelvic nodes treated with extended field
IMRET (45 Gy in 25 fractions with concomitant boost o involved nodes 0 a median
of 55 Gy in 25 fractions) with concurrent cisplatin and brachytherapy were retrospec-
tively analyzed. The nodal location was pelvis-only in 41 patients (67%) and pelvis +
para-aortic in 20 patients (33%). There were a total of 179 nodes, with a median num-
ber of positive nodes of 2 (range, 1-16 nodes) per patient and a median nodal size of
1.8 em (range, 0.7-4.5 cm). Response was assessed by PET/ACT at 12 o 16 wesks.
Results: Complete clinical and imaging response at the first follow-up visit was seen
in 77% of patients. At a mean follow-up time of 29 months (range, 3-116 months),
§ patients experienced recurrence. The sites of persistent/recurrent disease were as

follows: cervix 10 (16.3%), regional nodes 3 (4.9%), and distant 14 (23%). The rate of
para-aortic failure in patients with pelvic-only nodes was 2.5%. There were no signif-
icant differences in recurrence patterns by the numberlocation of nodes, largest node
size, or maximum node standardized uptake value. The rate of late grade 34 sdverse
events was 4%.

Conclusions: Extended field IMRT was well tolerated and resulted in low regional
recurrence in node-positive cervical cancer. The dose of 35 Gy in 25 fractions was
effective in eradicating disease in involved nodes, with scceptable late adverse events.
Distant metastasis is the predominant mode of failure, and the OUTBACK trial may
challenge the presented paradigms. @ 20014 Elsevier Inc.
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* CRT, pelvis + PAO (upper border renal vessels), IMRT, image guided BT

— 40 patients positive pelvic nodes, elective PAO RT, elective dose 45 Gy
— 21 patients positive pelvic and PAO nodes, PAO sib boosts up to 55 Gy (54-59.4)

A Nodal Control - All Patients B Nodal Control - Pelvic + Only

Pelvic Fara- . Para-
Modal anrtic Pelvic aortic
« Nodal control excellent ! Falkis- 2 ez invoed a1 o8
Involved “l Fa?lﬁldr:'l E
* Low morbidity rates Falre, 1

Regional
Control,

Fig. 1. Summary of regional recurrence patierns for all pal A, n=6l1)and for patients with pelvic node—positive vet
para-gortic node—negative (B, n=40) by positron emission tomography/compuied tomography. Notice that some patients
had more than 1 site of nodal relapse.

[ 551t0.60 Gy EBRT gives high control rates | ’
y 4 Py -




Evidence suggests: 55 - 60 Gy
“Elective” dose: 45 - 50 Gy + boost 10 to 20 Gy

Don’t forget BT dose contribution

Don’t forget normal tissue constraints!!

It’s not only a matter of dose !
* Initial SUV and SUV regression during EBRT

* Volume or diameter regression during EBRT

ﬂ “ From: Kupets R, et al. Gynecol Oncol 2002



— Contribution of Brachytherapy




— Contribution of Brachytherapy

First experience in Utrecht

5 patients, 16 nodes delineated
2 PDR fractions
Planning aim: D90 (HR-CTV) = 40 Gy

Contribution to the nodal dose

!

D90: 6 Gy (3.1 — 12 Gy)
D50: 6.6 Gy (3.2 — 13.6 Gy

y 4 -




Contribution of Brachytherapy

EQD2 D90 (Gy); a/p =10

HR-CTV
patient €m3 nodel node2 node3 node4 node5
#71 32,7 F1and F2 5,6 5,8 6,0 5,8
#79 15,9 F1 and F2 54 5,9
#80 91,3 FlandF2 J| 51 8,7 12,0 9,0 51 |
#81 29,3 F1and F2 54 5,2 3,1
#82 19,5 F1 and F2 3,5 3,7

Contribution decreases with distance from the applicator

1] eo\f&ology Ljubljana

Influence of interstitial component, when present..




Clinical Investigations

Image guided adaptive brachytherapy for cervical
cancer: dose contribution to involved pelvic nodes
in two cancer centers

J Contemp Brachytherapy 2014 &, 1. 21-27

Willemien van den Bos, MD', Sushil Beriwal, MD2, Laura Velema, MD?, Astiid A C. de Leeuw, PhD', Chiistel N. Nomden,
BHS InaM. JurgenliemkSchulz, MD, PhD'

IDepartment of Radiotion Oncology, University Medical Center Utischt, Utischt, The Netherands, 2Department of Radiation Oncology.
Univarsity of Pittsburgh Cancer Instituts, Pittsbuigh, PA, USA. *Department of Radiation Oncolagy, Erasmus Medical Cantsr, Rottsidam,

The Nstharands

BRACHYTHERAPY

Brachytherapy 12 (2013) 555-559

The equivalent dose contribution from high-dose-rate brachytherapy
to positive pelvic lymph nodes in locally advanced cervical cancer
Yongsook C. Lee!, Dominique L. Rash?, Robin L. Stern®, Jyoti S. Mayadev>*

'L‘, af Radiation Oncology, University of Kansas School of Medicine, Kansas Ciry, KS
'ZDq:unmem of Radiation Oncology, University of California Davis Medical Center, Sacramento, CA

Brachytherapy 14 (2015) 56—61

Assessment of radiation doses to the para-aortic, pelvic,
and inguinal lymph nodes delivered by image-guided adaptive
brachytherapy in locally advanced cervical cancer

1,2, 3 1 . 4
Sandy M.I. Mohamed ", Torben Aagaard ', Lars U. Fokdal , Erik M. Pedersen",
. 1 . 3,5
Jacob C. Lindegaard ', Kari Tanderup
"Department of Oncology, Aarius University Hospital, Aarkus, Denmark
2Department of Radiation Oncology, NCI, Cairo University, Caim, Egypt
*Department of Medical Physics, Aarius University Hospital, Aarhus, Denmark
ADepartment of Radiology, Aarhus University Hospital, Aarhus, Denmark
Snstitute of Clinical Medicine, Aarhus University, Aarhus, Denmark

* Quite some range for individual nodes

* Individual dose calculation is time
consuming, eventually helpful in case of
parametrial nodes or exceptional tumor
extension

* For clinical routine estimate of 3-4 Gy is
considered a good estimate

@



Treatment of nodal metastases

Promising developments

* Diagnostic tools
e Surgical approaches
* RT strategies

e Dose volume relations .......
— Currently investigated in one of the EMBRACE sub studies

Work in progress!

Pre-treatment Week 4 of EBRT Post-treatment

0 o v v




Cervical Cancer
FIGO IIB

PRACTICAL EXAMPLE

AAR 003




Clinical history —status at diagnosis:

[J Anamnestic information
0 43 years old

0 No previous history

0 Smoker

0 Moderate bleeding

[J Clinical examination
o Performance status = 0
0 Height: 167cm

0 Weight: 99 kg

0 No palpable nodes

[0 Gynaecological examination

o Dimensions (w*h*t): 35*35*35 mm
o Left parametrium: Proximal

0 Right parametrium: Not involved
0 Vagina: Not involved

o Bladder: Not involved

o0 Rectum: Not involved

Radiology reports:

o PET-CT: FDG-activity in cervix uteri + FDG-activity in a lymph node laterally to
the right common iliac artery + FDG-activity in a lymph node posterior to the

right external iliac artery

o MRI: Tumour 25 mm with a pathological lymph node in relation to the right
common iliac artery and one in relation to the right external iliac artery




At Diagnosis

Clinical Drawing

Infiltrative Exophytic

Cervix
Vagina
W =35 mm
Parametri h=35mm
t =35mm
Vagina Involvement
=0cm
Rectum or
Bladder
dd/mml/yy

Signature



RT para invasion

Initial

RT Common lliac node

RT Ext lliac node




Planned for Conformal EBRI,

and Chemotherapy




EBRT CONTOURING EXERCISE

EMBRACE Il DEFINITIONS

 (MR) GTV-T _init o ITV-T LR_init
* (MR) CTV-T HR_init « ITV45
* (MR) CTV-T LR_init  Bladder
* (MR) GTV-N1 (ext. iliac) * Rectum
* (MR) GTV-N2 (common iliac)  Sigmoid
 (MR) CTV-E * Left kidney
* CTV-N1 (ext. iliac) * Right kidney
* CVT-N2 (common iliac)  Spinal cord
» Bowel (outer extension of loops)




Clinical example :
Cervix cancer
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Example : cervix cancer

57 year-old patient
WHO =0
Vaginal bleeding

Biopsy: poorly differentiated
squamous cell carcinoma
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MRI findings at diagnosis

- e .Aq___.




MRI findings at diagnosis

Tumoral assessment




MRI findings at diagnosis

Nodal assessment




MRI findings at diagnosis

Nodal assessment




FIGO staging?
Complementary exams?

Can nodal status be better assessed?

Treatment?




Clinical example :
endometrial cancer



Case description

65 years old patient
WHO = 0; BMI = 33
Post-menopausal bleeding

Clinical investigation:
No pathological findings

Vaginal ultrasound:
~50% myometrium invaded no cervical infiltration

Curettage:
G1 endometrial adenocarcinoma
no signs of cervical infiltration

Chest x-ray:
No pathological findings



Primary treatment: surgery

eLaparoscopic hysterectomy & bilateral salphingo oophorectomy

eComplete removal, no lymphadenectomy, no suspicious nodes

Histopathological findings:
G2 endometroid adenocarcinoma (1.8 cm, dorsal wall)
No lymph vascular space invasion (LVSI)
Infiltration > 2 myometrium

No infiltration into cervical stroma, serosa or adnexa

- FIGO stage IB grade 2 endometrial cancer



Postoperative management

1.Lymphadenectomy (complete staging)?
2.Radiotherapy?

e if yes: EBRT, BT, both?
3. Systemic treatment?

4. What if there was LVSI present?



“ " School

Results of chemo-radiation
trials
INn cervical cancers
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Chemotherapy Schemes

* Neo - adjuvant chemotherapy followed by RT or surgery
« Concomitant chemoradiotherapy (postop or exclusive)
« Concomitant chemoradiotherapy followe