Target volume determination- from
imaging to margins.
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At Its Inception the Institution catered almost
exclusively to the poor, the doctors did not
charge fees and the tasks of nursing fell to the
nuns, and so the first directors often had to put
their own money Into It.

Despite the difficulties, the Clinic had some of the
most prestigious physicians of the era, who in the

1920s converted the Clinic Into a centre of
research excellence.
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Imaging for target volume delineation: the more, the better?

Gert De Meerleer
Esther Troost



1600 radiation oncologists
randomly selected

Included as contactable if
had valid fax number or
email address listed

511 uncontactable

1089 contactable

Included as a respondent if
replied to fax or email

695 nonrespondents

394 respondents

Included as evaluable if
was still actively
practicing and completed
survey

8 unevaluable

386 evaluable

Simpson et al, 2009
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This figure illustrates some of the many approaches employed in developing therapeutics tarpsted to the known and
emerging hallmarks of cancer.

EGFR indicates epidermal growth factor receptor; CTLAS, eytotoxic T lymphooyte-associated antigen 4;
mAb, monoclonal antibody, HGF, hepatocyte growth factor; VEGF, vascular endothellal growth factor;
PARP, poly{ADP ribose) polymerass,

Sowrce: Hanekan D, Wemberg RA. Hallmarks of cancer: the naxt generation, Cell, 2011; W4 6d6-574. Reprinted with parmission.
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Radio- Depicted ~ Possible RT-  Clinically relevant  Evidence for Use in/state of evaluation
pharmaceutical parameter  application neoplasms diagnostic value  for RT planning
FDG Glucose Tumour For example, lung  Given for Probable, ongoing
metabolism  delineation cancer Head and various tumours  randomized clinical
neck cancer in staging and  studies
Esophageal Ca restaging
Lymphomas
AA Protein Tumour Primary and Given for brain  Probable, ongoing
metabolism  delineation recurrent brain tumours in randomized clinical
tumours staging and studies
restaging
MISO Hypoxia Hypoxic HNC (SCC), Under Promising, practical
subvolume NSCLC, Glioma, evaluation implication not yet

others

defined




18F-FDG
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— based on increased uptake in tumour cells showing increased glucose

metabolism

— “Metabolic trapping”

Plasma Tissue
Hexokinase
Glucose Glucose 4__’ G-6-phosphate

GLUT

G-6-phosphatase

Glycolysis

Hexokinase

FDG <> FDG 2 FDG-6-phosphate

G-6-phosphatase Metabolic trapping




o 11C-choline — 8F-choline

— marker of cell membrane turnover

— based on increased phospholipid synthesis in tumour cells showing

upregulation of choline kinase
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 11C-methionine
— marker of proteine synthesis (essential AA)

— based on increased cellular proliferation in tumour cells
showing increased amino acid transport

— > brain tumors



 11C-methionine
— marker of proteine synthesis

— based on increased cellular proliferation in tumour cells
showing increased amino acid transport

— > brain tumors

» 1IC-acetate
— marker of lipid metabolism

— based on increased fatty acid synthesis in tumour cells
showing overexpression of fatty acid synthase

— very similar to *C-choline (also few urinary excretion)



 11C-methionine
— marker of proteine synthesis

— based on increased cellular proliferation in tumour cells
showing increased amino acid transport

— > brain tumors

» 1IC-acetate
— marker of lipid metabolism

— based on increased fatty acid synthesis in tumour cells
showing overexpression of fatty acid synthase

— very similar to *C-choline (also few urinary excretion)

» 8Ga-PSMA

— Glycoprotein with enzymatic function (NAAG to glutamate & NAA)
— marker of lipid metabolism

— based on increased fatty acid synthesis in tumour cells
showing overexpression of fatty acid synthase
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Advantage MR unequivocal
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Advantage MR unequivocal
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L-(METHYL-11C) METHIONINE POSITRON EMISSION TOMOGRAPHY FOR
TARGET DELINEATION IN RESECTED HIGH-GRADE GLIOMAS
BEFORE RADIOTHERAPY

ANCA-LiGiA Grosu, M.D..* WOLFGANG A. WEBER, M.D.."' Eva RIEDEL. M.D..*
BrANISLAV JEREMIC., M.D..* CARSTEN NIEDER, M D * MARTINA FRANZ,*

HArRTMUT GUMPRECHT, M.D., RUPRECHT JAEGER, M.D.." > MARKUS SCHWAIGER, M. D..
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=  Composite Vol MRI and PET

= Vol PET

VolMRI  (Both T1/T2)

= Vol PET minus MRI

= Common Vol MRI and PET

= Vol MRI minus PET
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71 MR1 MET-PET

Gd enhancement MET uptake No MET uptake

/










= Composite Vol MRI and PET

= Vol PET
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= Vol PET minus MRI

=  Common Vol MRI and PET

= Vol MRI minus PET




MR vs. MET-PET

/ \

+: total extent of associated pathological changes +: extent of viable tumor
preferred: Gd contrast methionine

CTV-Gd (2mm)
CTV-Gd (5mm)g:7
CTV-Gd (10mm) =z
CTV-Gd 20mm) =t

CTV-T2

CTV-T2 (2mm) A8 \ .
CTV-T2 (5Smm) AR A : : A.Gd-MRI | B. MET-PET
TV T2 (1 [m L = D. MET-PET

TV-T2 (20mm)




Other PET tracers

FET-PET

P<0.001
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FET-PET vs. FDG-PET

N=43 glioma patients (LGG / HGG)

- FET: uptake in 37 patients
- FDG: uptake in 15 patients

- FET: ok for delineation in all
- FDG: problem: gray matter!

b Wi sarsadiraal oo P—
ScienceDirect MEDICINE




Other PET tracers

T1Gd-MRI MET-FMISO




HEAD & NECK

FDG PET-CT: does it holds its promise?

GV



Volumes (mls)

200

180

160

140

120

2

8

Oropharyngeal cancer:
Delineations ~ imaging tool

Primary GTVs

Largest variations in T3-4

6 7 8

9 10 11 12 13 14 15 16 17 18 19 20
Patie nt Number

BCcT
B PET-CT
O Overlap volume

Chatterjee 2012



Volume (mils)

8 3 8 8

8

o 8 & 8 8

Oropharyngeal cancer:
Delineations ~ imaging tool

Nodal GTVs

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Patient Number

acT

BPET-CT
EOverlap Volume

Chatterjee 2012



PET segmentation tools

Available methods

Visual / manual

SUV (different versions)
% of tumor activity

% of background activity
Ratio tumor - background
Advanced algorithms

This choice is not trivial !

Fixed SUV is not suitable
Volume depends on method
Inter-observer variation
Insufficient validation

Choose and standardize
a method in your center!

Schinagl 2007 -



IS THERE a ROLE for MRI?




IS PET-CT the HOLY GRALE?

Problem: 30-50% of PET NO contains tumor cells (AP)!
(Thiagarajan et al. 2011)




POSSIBLE IMPLICATIONS IN

Area for SIB

Elective dose




A critical note ...

Is Image Registration of Fluorodeoxyglucose—Positron
Emission Tomography/Computed Tomography for
Head-and-Neck Cancer Treatment Planning Necessary?

David Fried, B.S.,* Michael Lawrence, Ph.D.,* Amir H. Khandani, M.D.,T _
Julian Rosenman, M.D., Ph.D.,*"* Tim Cullip, M.S.,* and Bhishamjit S. Chera, M.D.*"*

Conclusions: PET and CT-defined tumor volumes received similar RT doses despite having less
than complete overlap and the inaccuracies of image registration. LRF correlated with both CT
and PET-defined volumes. The dosimetry for PET- and/or CT-based tumor volumes was not
significantly inferior in patients with LRFE. CT-based delineation alone may be sufficient
for treatment planning in patients with HNSCC. Image registration of FDG-PET may not be
necessary. © 2012 Elsevier Inc.

IJROBP 2012



LUNG CANCER

GV



PET can change staging & delineation

N=167

Pre-PET stage No. of patients  No. with metastasis %

Stage 1A 21 0 0
Stage 1B 18 3 17
All Stage 1 39 3 8
Stage [1A 6 1 17
Stage 1B 22 4 18
All Stage II 28 5 18
Stage I1TA 62 16 26
Stage [IIB 38 8 21
All Stage III 100 24 24

MacManus 2001




disadvantage

advantage




Week 4 Week 5

Fractionated
Chemo-Radiotherapy

FDG-PET/CT O
FMISO-PET/CT

0 Gy
[18F]Misonidazol

ﬁ"\'-.,l

Zips 2012




Local-

(a) baseline (b) 8-10Gy
progression-
free 1,00 —1 1,004 —7
survival ! |
I
0.75 ] 0.751 b= i
: p=0937 e
050 0.50- lo ey
! p=0.236
0.25 0.25-
groupi = 0 (TBRmax < 2.23) group2 = 0 (TBRmax < 2.16)
----- groupl = 1 (TBRmax >= 2.23) ——=——- group2 = 1 (TBRmax >= 2.16)
o.m L L] T T T I T OIOO L T T T T T T
0 12 24 36 48 60 0 12 24 36 48 60
Number at risk Number at risk
groupl =0 12 7 5 1 1 0 group2=0 11 6 6 2 1 0
groupl =1 13 5 5 4 1 0 group2=1 11 5 3 2 1 0
(c)18 - 20 Gy (d) 51-57 Gy
1.00 1.00+
T T
'-i I
0.75-1 ! 0.75- LI
[ |
b L
0.50- | 0.50- —
I I
M o 0.017
=0.001 p=0.
0.25- | P=0%0 025 "
| group3 = 0 (TBRmax < 1.93) group4 = 0 (TBRmax < 1.66)
: ----- groupd3=1(TBRmax>=193) | |  fe—eeee groupd = 1 (TBRmax >= 1.66)
ulm 1 T T T T T T O-W L T T T T T T
0 12 24 36 48 60 0 12 24 36 48 60
Number at risk Number at risk
group3 =0 11 8 8 3 0 0 groupd =0 12 T T 3 1 0
group3 =1 11 2 0 0 0 0 groupd =1 12 4 2 2 1 0
Analysis time (months)

Zips 2012 3v



by one observer

FMISO-hypoxic volume changes during the course of
RCHT




PET can change staging & delineation

PET -: APD confirmed




Pr. No. CT scan PET scan Pathologic examination

1 0 i) 0
2 0 2 2
3 0 2 2
4 0 0 2
5 0 0 1
6 0 0 2
7 2 2 0
8 2 2 2
9 0 0 | 32 patients
10 0 0 0
1 2 2 2 Changes in TN stage between CT and PET:
12 0 0 0 . n—
13 0 0 8 For T: n=6
14 [ 2 | 2 - For N: n=9
15 0 0 0
16 0 0 0
17 0 0 2 APD confirmation in 7 N:
o ) ! 0 - 3 higher N (red)
20 0 0 1 - 4 lower N (green)
21 0 0 0
p.2) 0 0 0
23 | 2 1| |
24 0 0 0
25 0 0 0
26 0 1 I
27 3 3 2
28 2 0 I
29 2 0 0
30 0 0 0
31 |1 0 | 0
32 0 0 1

Faria et al. 2008



FDG [SUV]

HX4 PET/CT

0.5

10 15 20 25
HX4 [TBR]

FDG [SUV]

T
0.5

10 15
HX4 [TBR]

FDG-PET/CT

FDG [SUV]

HX4-HV
FDG-HV

10 15
HX4 [TBR]

2.0 25

Zegers et al. 2014



PROSTATE CANCER
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Imaging of T




Prostate Cancer Staging

Extracapsular Tumor Spread

’

7 e\

Capsular penetration = irregular capsular bulge
OR infiltration of periprostatic fat OR
neurovascular bundle asymmetry




Prostate Cancer Staging

Seminal Vesicle Involvement

"
.tf'. .

Seminal vesicle invasion =
abnormally low signal intensity within lumen/
focal thickening of seminal vesicle wall




Biochemical control (%)

MRI and its role in prognosis

da b

Biochemical control (%)

[} J P P P P P NI PR 0 e Frer e trr Frrrrr tr Frrrr fr
0 | 2 3 4 5 6 7 8 0 : 2 3 4 3 6 ! i
Time since radiotherapy (vears) Time since radiotherapy (years)

Fig. 3 — Biochemical control by magnetic resonance imaging T

Fig. 1 — Biochemical control by clinical T stage. stage (cT1/2 cases only).

Jackson et al. 2005; Clin Oncol: 167-71.
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Fig. 3. Initial tumor extent (indicated with horizontal lines) and extent of disease progression at its identification
(indicated with vertical lines) in 12 patients with local failure. Red lines indicate tumors with a complete response; blue
lines indicate tumors with no or a partial response.

Cellini et al, IJIROBP 2002; 53:595-599: 12/12 local failures in the prostate.



l Citrate
Choline +

Polyamine +
Creatine /Eitrate

36 30 25 20 15 1.0 35 30 25 20 15 1.0
PPM PPM
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|

fIEEE L
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o
A M)
M Mo

Speight et al. 2007; JCO: 62-69.



Dynamic Contrast-Enhanced MRI

Assessment of Angiogenesis

Angiogenic Factors Increased in- en efflux
Expanded extracellular space
Increased extravasation

Growth of existing vessels
De novo angiogenesis

Abnormal configuration: AV- Earlier onset of enhancement
shunts and defective endothelium Increased slope




Prostate cancer diagnosis with dCE




Diffusion Weighted Imaging




Imaging of N

GV



Prostate Cancer Stadin

Lymphatl Spread

Lymph Node Staging
Oval node > 10 mm
Round node > 8 mm




Nanoparticles
Ferumoxtran-10
Sinerem®
Combidex®




IV injection of USPIO
(“ultra small particles of iron oxide™)

» M / ;
} o ) o
bleod  macrophage Iwm/
vessel vessel

60



IV injection of USPIO
(“ultra small particles of iron oxide”)

Captation in reticulo-
endothelial system

Detection limit
up to 4 mm!

61



The eternal “promise”. PET




Can imaging help?

Prospective Evaluation of ''C-Choline Positron Emission
Tomography/Computed Tomography and Diffusion-Weighted
Magnetic Resonance Imaging for the Nodal Staging of Prostate
Cancer with a High Risk of Lymph Node Metastases

Tom Budiharto™'", Steven Joniau ™', Evelyne Lerut®, Laura Van den Bergh“, Felix Mottaghy o
Christophe M. Deroose “, Raymond Oyen®, Filip Ameye”, Kris Bogaerts’,
Karin Haustermans ®, Hendrik Van Poppel "

Nn=36; 10-35% Partin
PN+: 47%

GV



BT O o1 T RT ™t
INO. Ol dallected LINS Ulimension, mim
| — |
isoiated tumour ceiis 2 <0.2
Micrometastases 16 0.95 (range:
0.268-1.9)
Macrometastases 20 >2
LN = lymph node.
. Patient-based LN region-based
Choline Pet CT analysis analysis
No. of true-positive cases 3 3
No. of true-negative cases 19 294
No. of false-positive cases 1 1
No. of false-negative cases 13 29
Sensitivity | _18.8% 9.4% |
Specificity 95% 99.7%
PPV 75% 75%
) L
N\ A 7L Patient-based LN region-based Ll a9t s
DVVI analysis analysis .
Detection rate for macro LN: 18%
No. of true-positive cases 6 6
No. of true-negative cases 18 288
No. of false-positive cases 4 7
No. of false-negative cases 8 26
Sensitivity 42 9% 18.8%
Specificity 81.8% 97.6%
PPV 60% 46.2%
NPV 69.2% 91.7%

Detection rate for macro LN: 35%




Po ints L i L A L i 'S A L L i e J
Age ATTTTTTTTm
0O W ENR
P SA L] L ¥ L] Li T L] ¥ ¥ L] L] ¥
o 2 i 6 8 10 12 L[} L L= [ 2
PSADT L) 1 ¥ ¥ T L) T 1] 1
o] s o *x ] = I 15 10 & o

Time to trigger PSA remm

1 D
Qo7
Gleason score =
GS <=1
pTIasdpTi
Pathological stage T )
pT2 pHi
Yed
ADT !
No
Total points ! T T T T ﬁ \r T T T T J
o 0 a a o Ll 13 14aQ @ (-1} T
Probability of positive 1
[ C]choline PET/CT 001 oms 01 02 0304050607 08 09 0S5 0% 0590

65
Giovacchini et al. Eur J Nucl Med Mol Imaging 2010; 37: 1106-1116.



11 C-choline PET and local relapse

C




Patients with PSA recurrence after radical prostatectomy

Table |. Patieni characteristics

Age(y)
Initial PSA (ngfmL)
PSA at time of MRL (ng/mL)
PSA doubling time (mo)
Gleason score
Unlkaown
6
8
Lt
Pathologic T stage
Unlaown
le
2a
b
2
3a
ib
4
Lymph node metasiases st PLND
Unknown
Mo PLND performed
Yes
No
Positive resection margin
Unknown
Yes
Mo
Extracapsular extension
Unlaown
Yes
No
Seminal vesicle invasion
Unlmown
Yes
N!F
PSA detectable postoperatively
Yes
No
Hormonal treatment
MNone
Before RP
Afiler RP
Before and afier RP

65 (45-80)
11.05 {2.30-92.50)
0,92 {0,23-34.00)
4.23 (0.59-67.10)

1 (L1)
2439
23 (48.9)
Bi17.00
13277

1 (1)
1{L1)
1{1.5)
2i9.2)
S5(154)
15(35.4)
20(32.3)

2i4.3)

1{2.1)
T(14.9)
14 (29.8)
251(53.2)

51(10.6)
14 (29.8)
28 (59.6)

4 (8.5)
29i(61.7)
14 (20.8)

1(2.1)
21 (44.7)
25(53.2)

23 (48.9)
24.(51.1)

30 (63.8)
1(2.1)
14 (29.8)
2i4.3)

N=47
All underwent MRL

Aim: search for abberant nodes

Meijer et al. IJROBP







CERVIX CANCER
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Pre — treatment investigations: magnetic resonance very useful




saqgital view of dose distribution




RECTAL CANCER



DELINEATION OF GROSS TUMOR VOLUME (GTV) FOR RADIATION TREATMENT
PLANNING OF LOCALLY ADVANCED RECTAL CANCER USING INFORMATION
FROM MRI OR FDG-PET/CT: A PROSPECTIVE STUDY

MORTEN BRENDENGEN, M.D..*" KARL HANssON. M.D..} CALIN Rapu. M.D..» ALBERT $;EﬂBAHN, Pu.D..T
HaNs JacoBssoN. M.D.. Pu.D..} anp BenaT GLiMELIUS. M.D.. Pu.D.™

Union

GTV-PET Intersection




MRI

Patients (n)

100 200 300 400 500 600 700 800
Volume (cm?)

o
—

PET

a5
30
25 Median: 87 cm®
=
E 20 Range: 20-576 cm®
]
.

-
o

=
2

0 100 200 300 400 500 600
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THM

- Both MRI and PET improved target delineation
- MRI: use preferentially in:

- Cervix

- rectum

- prostate (prim)

- brain / H&N if combined with PET

- PET: use preferentially in:
- brain (no FDG), but combine with MRI
- H&N (FDG / MISO)
- prostate (no prim setting, choline in relapse, postop)
- lung
- rectum (sorry for limited data)
- esophagus (?), pancreas (?)



Words of caution

Modality Repeats
« Planning CT /MR 1-2
« Additional PET 1

= Radiation treatment 25 —-50



Words of caution




Words of caution

Image registration error (mm)

8,0 4

3,0 /’\

0,0 T T T T T T T T T T T T T II
1 2 3 4 5 6 7 8 8 10 11 12 13 14 15

Recommendations

= Accept a learning curve for patient positioning

= Collaborate with radiotherapy department staff
= Train a dedicated PET planning staff



Words of caution

e PET resEARch 4 Life (EARL)
 Developed in 2010 by the EANM

e Until july 2014, 96 centers had their
PET-CT scanners accredited.

Aims:

 Independent quality control by experts in the field of imaging;

 Comparable scanner output between centers, harmonisation of
acquisition and interpretation of FDG-PET/CT scans;

* Accurate, reproducible und quantitative assessment;

* Quality certificate of accredited EARL-users.



Words of caution

* Quality assurance of anatomical and functional MR imaging



GTV, CTV and PTV
(ICRU 62 + 83 and beyond)

Sarah Jefferies PhD

Department of Oncology,
Oncology Centre, Addenbrooke’s Hospital, Cambridge, UK

Barcelona 2016 A ESTRO



Learning Objectives

 To understand the concept of different planning volumes

To understand definitions of
e GTV, CTV, PTV

e To understand the relevance of Organs At Risk (OAR) and
planning organs at risk volume (PRV)

e To understand how to manage overlapping volumes

e To understand prescribing

ESTRO
School






The history of radiotherapy

e 1895 - Rdontgen discovered X-rays
e 1896 - first treatment of cancer with X-rays

e 120 years later the technology has changed!

* |CRU reports are here to help us

e Series began with Report 50 and Supplement 62 (1993 +
1999)

e |ICRU 71 (2004) added a few details
e |CRU 83 (2010) is designed for IMRT

ESTRO
School



Target volumes

We need to consider, and define, how we describe target volumes

This is a prerequisite for integrating any diagnostic imaging

Think of an onion ...

ESTRO
School



Target volumes

Target volumes
are like the
concentric rings of

an onion

ESTRO
School



Target volumes

ICRU 50 target GTV, CTV, PTV

volumes

The PTV can be } J Gross tumour volume
eccentric / Clinical target volume
Planning target volume
ESTRO

School



Target volumes

e |CRU report 50 and supplement 62 (1993 + 1999) specified
definitions of different target volumes

 |CRU 62 was an update triggered by:
i) increasing availability of conformal therapy
where margins are more critical
ii) need to describe normal tissues better

 |ICRU 62 introduced the Planning organ at Risk
Volume (PRV)

e ICRU 83 (2010) developed concepts for IMRT

ESTRO
School



Target volumes - GTV

ESTRO
School



Target volumes - GTV

e GTV - Gross Tumour Volume is the gross demonstrable extent
and location of the tumour

* So, GTV is tumour you can:
e See, Feel, Image

e Use different imaging modalities for different situations

e GTV caninclude lymph nodes or soft tissue spread as well as
the primary tumour itself

ESTRO
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Target volumes - GTV

GTV — where
tumour cell
density is
highest

(from ICRU 62)
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GTV - completely
obvious in this
case

(though not an
easy clinical
problem)




GTV -

reasonably
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(MRI would be

better)




GTV is hard to see
on both CT and
MRI

The two modalities
show different
parts of the
tumour




* Imaging does not always correlate
perfectly with

e Other imaging
e Pathology

CT-scan

e Specimen to imaging: 10%
mismatch

Daisne JF et al Radiology 2004; 233(1):93-100

FDG-PET




Target volumes - GTV

® ICRU 83 suggests specifying the modality
used for GTV

® Primary rectal tumour (prone)
* 1.GTV-T(CT)
® 2. GTV-T (MRIT1 fat sat)
e 3. GTV-T (FDG-PET)
® 4. GTV-T (F-miso-PET)

T ™crU 83
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Target volumes - GTV

e Talk to your radiologists!

e They know lots about
e Choosing the best imaging

 The correct imaging sequences

e Interpreting the imaging

ESTRO
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Improving concordance

Rasch et al. Radiation Oncology 2010, 5:21
http://www.ro-journal.com/content/5/1/21

RADIATION
ONCOLOGY

RESEARCH

Open Access

Decreased 3D observer variation with matched

CT-MRI, for target delineation in Nasopharynx
cancer

Coen RN Rasch'’, Roel JHM Steenbakkers?, Isabelle Fitton®, Joop C Duppen’, Peter JCM Nowak?,
Frank A Pameijer’, Avraham Eisbruch® Johannes HAM Kaanders’, Frank Paulsen®, Marcel van Herk'
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Improving concordance

Better imaging improves consistency

ESTRO
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Improving concordance

 The largest impact was by improved target volume definitions
= protocol

* Biggest differences seen at the top and bottom
A problem of imaging

e Better concordance using sagittal image dispiay

ESTRO
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Quality of RT affects outcome

VOLUME 28 - NUMBER 18 - JUNE 20 2010

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL RERPEERIPE3001)

Critical Impact of Radiotherapy Protocol Compliance and
Quality in the Treatment of Advanced Head and Neck
Cancer: Results From TROG 02.02

Lester |. Peters, Brian O’Sullivan, Jordi Giralt, Thomas ]. Fitzgerald, Andy Trotti, Jacques Bernier,

Jean Bourhis, Kally Yuen, Richard Fisher, and Danny Rischin

Very scary results

Poor radiotherapy
| 20% inOS
1 24% in DFS

In 3% contouring responsible for poor outcome
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Improving concordance

\» Addenbrooke’s Radiotherapy Planning - CaseTorpedo3Ph1PlanComp.arp

Eile Edit Task WYiew Autoplan Calculate Properties Options Tools Help

ol@|@|S] + ] =z= @[ v [ C] BB | & | | 2| Ol ] B

Slice Di

e Careful protocols required
e Carefully written
e Carefully followed

e The blue group ... ?

iS5 0 i, Til=0.0, Twist=0.0
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Parotid and Neck Outlining

. ESTRO
Mukesh, M et al, Br J Radiol 2012 P School




OAR Outlining

Mukesh, M et al, Br J Radiol 2012 EShTeo




Target volumes - CTV
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Target volumes - CTV

e CTV - contains demonstrable GTV and/or sub-clinical disease,

e Typically tumour cannot be seen or imaged in the CTV

e This volume must be treated adequately for cure

ESTRO
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Target volumes - CTV

* Now includes the concept that the CTV contains sub-clinical
disease with a certain probability

 No consensus as to what probability actually requires
treatment

e Probability of ~ 90-95% may be reasonable
Should it be lower or higher?

e Concept of probability introduced in ICRU 83 (2010)

ESTRO
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Target volumes - CTV

e CTVis based on historical data
e Derived from population data
e Margin not individualised

e Some individualisation according to anatomical boundaries is
possible
e This implies that isotropic growing is of
~ ™~ o O

to derive the CTV

en nhot annronriate
A B | S w \ﬂrrl vvl 1A W
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Target volumes - CTV

e I|tis allowable to have more than one CTV if necessary

e |tisassumed that tumour cell density
is lower in the CTV than in the GTV

e Therefore lower dose may
be appropriate

ESTRO
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CTV - not obvious
from the imaging

CTV cannot be
imaged

Based on
knowledge of
population
pathology




CTVis
an‘average’
volume

CTV is enclosed
by the skull

Anatomical
considerations
useful



Target volumes - CTV

Newer imaging may push the
edge of the GTV outwards into
the CTV

If CTV stays the same,
the margin will change

May need new definitions

? “Imaging High-risk
Volume” — IHV

ESTRO
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Target volumes - PTV
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Target volumes - PTV

PTV is a geometric concept designed to ensure that the
prescription dose is actually delivered to the CTV

In a sense, it is a volume in space, rather than
one directly related to the anatomy of the
patient

PTV may extend beyond bony margins, and
even outside

A ESTRO



Target volumes - PTV

CTV safely enclosed within
PTV

PTV CTV

ESTRO
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Target volumes - PTV

CTV safely enclosed
PTV CTV within PTV

ESTRO
School



PTV outside the
patient

ESTRO
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Target volumes - PTV

e The CTV must be treated adequately for cure

e The PTV is used to ensure that the CTV is properly treated

 PTV designed to allow for uncertainties in the process of
planning and delivery

ESTRO
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Target volumes — PTV

 |CRU 62 suggested 2 components to the PTV:
Internal Margin IM — for eg organ movement
Setup Margin SM — for set-up inaccuracies

CTV + “Internal Margin” (IM) =TV~
ITV + “Set-up Margin” (SM) = PTV

e These are useful to remind about the basis of errors

" ITV= Internal Target Volume

ESTRO
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e Figfrom ICRU 62
(also in ICRU 71)

CTV

e Adding IM + SM to
reach the PTV

- Gross Tumor Volume (GTV)
- Subclinical Involvement
- Internal Margin (IM)

- Set Up Margin (SM) ECS"ISO



Target volumes — PTV

 |CRU 62 also acknowledged that simple addition may not be :
e realistic — because the margin becomes very large

e correct — because not every error occurs in the same
direction on the same occasion

e Components to be added in quadrature rather than
arithmetically

ESTRO
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CTV

- Gross Tumor Volume (GTV)
- Subclinical Involvement
- Internal Margin (IM)

[ set Up Margin (sM)

Scenario B

Adding IM + SM in
quadrature

Specific margins must
still be addressed

ESTRO
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e Systematic and random errors need to be
quantified to produce the PTV margin

e PTV=25X+0.7c

ESTRO
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Target volumes — PTV - Adaptation

To date PTV margins have been based on population data

Imaging during treatment — allows the concept of individualised
PTV margins

Eg. Plan of the day for bladder cancer treatments

This could be a whole separate talk .............

ESTRO
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Target volumes — OARs + PRVs

OAR - Organ at Risk

PRV - Planning organ at Risk Volume

ESTRO
School



Target volumes — OARs

e Organs at Risk are normal tissues whose radiation tolerance
influences treatment planning, and /or prescribed dose

e Now know as OARs

e Uncertainties apply to an OAR as well as to the CTV...

ESTRO
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PTV CTV

OAR

Organ at Risk clear of
PTV

OAR safe ...

ESTRO
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PTV

OAR

OAR moves with CTV
OAR not so safe...

ESTRO
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Target volumes - OARs

* Imaging must also show critical
normal structures (Organs At

Risk - OARs)

e Essential to achieve a

therapeutic gain




Target volumes — OARS

For parallel organs, comparison between plans, patients or
centres requires the whole organ to be delineated, according
to an agreed protocol
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Target volumes — OARS

Rectum—clear delineation, according to an agreed protocol

“ Rectum correct “ Rectum on 4 slices more

ESTRO
School



Target volumes — OARS

For other parallel organs, over-contouring may lead to DVHs
which appear better but are incorrect

Rectum— needs clear delineated, according to an agreed protocol

B prostate + lengthened rectum.arp:2

B prostate + lengthened rectum.arp:2

Prostate + lengthened rectum.arp - Checknum 451
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0.0 - — Rectum to%
i-“-—u._

Fractional “olume
[}
S !
o
/ /

0.40 \
030

020 ‘l

\

010 \\

0.00
0O 10 20 30 40 50 B0 70 80 390 100 110 120 130
Cose

Fractional “olume

1.00

0.890-

0.50

070

0.60

0.50

0.40

0.30

020

010

0.00

Prostate + lengthened rectum.arp - Checknum 451

== =il

™ — Rec‘tum!j

LY — Rectum to

%

\

A

A

\

0O 10 20 30 40 S50 60O 70 80 S0 100 110 120 130
[ose

“ Rectum ‘over-contoured’

‘Better’ DVH is incorrect
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Target volumes — OARs + PRVs

Uncertainties apply to the OAR ... so a ‘PTV margin’ can be
added around it - to give the Planning organ at Risk Volume
(PRV)

But ... the use of this technique will substantially increase the
volume of normal structures

May be smaller than PTV margin
Component for systematic error can often be smaller

ESTRO
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Target volumes — PRV

e The use of a PRV around an Organ at Risk is relevant for OARs
whose damage is especially dangerous

e This applies to organs where loss of a small amount of tissue
would produce a severe clinical manifestation

e A PRV is more critical around an OAR with serial organisation

ESTRO
School



Tissue architecture

Serial organ

@ Parallel organ

Damage to 1 part causes
failure — eg spinal cord

Severe clinical consequence

“ Damage to 1 part (only)
does not compromise
function

@ Examples ...

ESTRO
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Target volumes — PRV

e Spinal cord & optic nerves/chiasm perfect examples where a PRV
may be helpful

e serial tissue organisation
e damage is clinically catastrophic

 Add a PRV, especially if high doses are planned
e Almost no other OARs where a PRV is needed

PRV may be misleading for parallel organs

(This advice is more definitive than ICRU 83)

ESTRO
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Target volumes — PRV

PRV around optic nerves and chiasm

Allows dose escalation

24 .15

51 .3

ESTRO
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Target volumes — PRV

Fractional “olume

Kidney PRV 10mm
DVH for PTVs = PRVs

PRV often not of particular value
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Target volumes — PRV or optimising structure?

ESTRO
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—

Hypothalamus

Hypothalamus — PRV or
optimising structure?

428Gy

40.5Gy

36.0 Gy
315Gy
225Gy

® ESTRO
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Hypothalamus DVHs

100

STANDARD Cumulative DVH Relative
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Hypothalamus DVHs
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Example

Ca tonsil

Spinal cord
close

Aim for 70 Gy



Simple outlines

& ESTRO
. School
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Cord should be
safe

PRV is away from
PTV

& ESTRO
g . School



Cord still safe
even if set up is
imperfect

Note: patient,
CTV and cord
have moved

PTV and PRV
have not moved

ESTRO
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PTV & PRV closer

PRV shows area to
avoid with high
dose to ensure the
cord is safe

PTV

Cord

PRV

& ESTRO
. School



Target volumes — PTV + PRV

PRV margin can be smaller than the PTV margin

This is a helpful step for high dose treatments close to an OAR

This is because OAR movement is usually a 1D problem
(occasionally 2D, rarely 3D)

ESTRO
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Target volumes — overlaps
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Target volumes — overlaps

There are always occasions when the PTV and OARs/PRVs
overlap

What is the best strategy?

The planning concept has changed between ICRU 62 and 83 .....
In fact changed completely in ICRU 83

ICRU 62 — edit PTV (even CTV) —fine for CRT
ICRU 83 — do not edit — better for IMRT

ESTRO
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PTV and PRV
now overlap

A problem for
planning

We need a

solution to the

dilemma

PTV

Cord

PRV

& ESTRO
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ICRU 62
recommendation

OAR would be safe

Obscures target
dose objective

& ESTRO
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ICRU 62
recommendation

OAR would be safe

Obscures target
dose objective

Please don’ t ...

_# ESTRO
~ VN School



e Fig from ICRU 62
(also in ICRU 71)

e Scenario C not
recommended now,
Nk in the era of IMRT

CTV

CcTV -

l The arrow illustrates the influence of the organs at risk
on delineation of the PTV (thick,full line).

- Gross Tumor Volume (GTV)
- Subclinical Involvement
- Internal Margin (IM)

L | Set Up Margin (SM) ECS’;I’—‘L{ O




PTV and PRV
now overlap

IMRT allows
variable dose

Therefore draw
what you want

Do not modify
PTV

PTV

Cord

PRV

ESTRO
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ICRU 83
approach for
IMRT

Add 2" volume
avoiding overlap

Specify
priorities and
doses

ldeal PTV

Cord

& ESTRO
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Target volumes — PTV / PRV

PRV essential here to protect cord (so is IGRT)
Priority PRV > PTV

ESTRO
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Target volumes — overlaps

Overlapping volumes requires:
Very clear objective setting

Good communication between clinician & planner
Dialogue (i.e. 2 way communication) is recommended !

Use optimiser to deliver different doses to different parts of
the target

Makes plan evaluation using DVH more difficult

ESTRO
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Target volumes — overlaps

From ICRU 83

Review DVHs carefully PTV
PRV

Overall, more robust method

PTV-PRV PTV N PRV

Volume Volume

PTV n PRV |PTV-PRV PTV
PTV = (PTV-PRV)
+ (PTV N PRV)
Absorbed dose Absorbed dose

ESTRO
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ICRU 83 specifically dedicated to IMRT

Recommendations for prescribing
changed

Introduces some specific aspects of
reporting of dose to normal tissues

ESTRO
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Advice on dose planning in the build up region or if PTV
extends outside the body contour is given

Concept of adaptive review introduced
Possible to review dose and dose change during treatment

Comments on QA given
A A~ 24 BN BN I BN BN I lyuvu\«\olv | ]

Not discussed here

| N Ry | I\'O
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e Key changes in prescribing

Prescribe to median dose rather than ICRU reference point
(= isocentre dose)

median dose = D¢,
= dose to 50% of the volume

Report near-maximum and near-minimum, rather than
actual max & min

Still need to be aware of target coverage

| N Ry | I\'O
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* Specify median dose - D, . gian = Dsg o

Corresponds best to previous ICRU reference point dose
(= isocentre dose)

e Often close to mean dose
e Not influenced by ‘tails’ on the DVH
e Accurately calculated in TPSs

NB useful to add units e.g Do, OrV,, Gy

| N Ry | I\'O
School



Prescribing

Median dose = D, .gian = Dsg o
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Prescribing

Prescribing to median dose without some restriction on the
slope of the target DVH could allow a shallow slope and low
target minimum dose

Need some agreement on minimum acceptable
At least 99% of the volume (Dy4 ) to receive>95% of dose
At least 98% of the volume (Dgyg 4, to receive>95% of dose

Limit on maximum also needed, for example
Less than 1% of the volume >105% of dose

ESTRO
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Prescribing

Dose constraints (objectives) for min & max included (and
median)
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(of prescription
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Dgg o, >95% (Of

prescription dose)
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Prescribing

Dose constraints (objectives) for min & max included (and median)
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Prescribing

Dose constraints (objectives) for min & max included (and median)
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Prescribing

Dose constraints (objectives) for min & max included (and median)
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Prescribing

Dose constraints (objectives) for min & max included (and median)
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e Report near-maximum and near-minimum in target volume,
rather than actual max & min

D, ., for near-max,

Dyg o, fOr near-min

| N Ry | I\'O
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Report near-maximum and near-minimum in target volume,
rather than actual max & min

D, o, for near-max, Dyg o, fOr near-min

Fractional “aolume
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e C(linical relevance of minimum (near-min) dose point may
depend on its position within the PTV

Minimum dose in edge of PTV may be of marginal
significance

Minimum dose in centre (in GTV) may be rather important

ESTRO
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* Concept of using dose volume histograms for dose
specification is introduced in ICRU 83

Dose-volume prescribing in place of dose

Dose-at-a-point specification is retained for purposes of
comparison

e Contains worked examples, which may be helpful

| N Ry | I\'O
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e Add volume parameters where relevant
e.g. Vy g, for lung

Fractional “olume
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2 plans compared
e IMRT: ‘CRT’

Mean lung dose same
=9 Qy

DVH different

In reporting, the DVH
(or some points on it)
may be useful

% volume

60.0%

50.0% -
40.0% -
30.0% -

20.0%

10.0% -

0.0%

Lung dose-volume parameters Pt B

V5 V10 V13 V15 V20

Dose-volume parameter

—e— TOomo B
—a&— Conv B
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* For serial organs, maximum (near-max) dose is relevant
parameter

ICRU recommends D , ., ratherthan D ,,,, (D ;)

Overcomes problem of defining (knowing!) what volume of
the structure is important

Note that D, ., not validated (yet); caution given !
But ... it is logical
However, effect will depend on total volume of structure

In gynae brachtherapy often use D, __3

2cm

| N Ry | I\'O
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 |CRU 83 mentions the possibility of adding some additional
parameters relating to dose

e Optional, but may become interesting

Homogeneity Index & Conformity Index

EUD — Equivalent Uniform Dose

TCP, NTCP

Probability of uncomplicated tumour control (PUC)
Remaining Volume at Risk (RVR)

| N Ry | I\'O
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Remaining Volume at Risk (RVR)

e Remaining Volume at Risk risk assessment of the dose
delivered to a patient

* To assess the risk of second cancers the whole patient volume
must be considered
e PTV
e PRV
e RVR

e (Can potentially influence the choice of radiotherapy delivery
— eg. IMRT vs dynamic arc therapy

ESTRO
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Take home messages

e GTVistumour you can See - Feel — Image
e Qutline what you see!

e CTV - contains GTV and/or sub-clinical disease
e Tumour cannot be seen or imaged
e Can be individualised to anatomy

e PTVis a geometric volume
e Ensures prescription dose is delivered to the CTV
* Includes systematic + random error components

ESTRO
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Take home messages

Add PRV around CNS structures if giving high doses

Overlaps can occur between PTV and OAR (or PRV)
Do not edit

Use clear protocols & follow them

Assess the treatment to see if adaptation required

ESTRO
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Image Handling

Role of images in Radiation Therapy

Martina Kunze-Busch
Radboud University Medical Center Nijmegen
The Netherlands
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Overview

Image data in RT chain

= Treatment preparation (diagnostic scan, planning CT, registration, delineation, display)
purpose, potential errors, challenges

= Treatment delivery (ImageGuidedRT)
examples

= Adaptive RT

#” ESTRO
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Planning CT

Diagnostic scan

Image data in RT chain

—
—

Registration

TPS/
Reg. software

In-room imaging

delineation

—
N

Treatment planning

!

Treatment delivery

Position verification

Adaptive RT

_# ESTRO
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Treatment preparation — diagnostic scan

Purpose: tumor identification + staging

different modalities CT — MRI| — PET ...

Challenges:

imaging artefacts
different modalities (registration)

. "ESTRO

Radboudumc \ Shool




Treatment preparation — diagnostic scan

Example: MR imaging artefacts

RadioGraphics 2006

Wrap around Susceptibility

false positive in breast MRI
(pseudo-enhancement)

Millet et al., Br J Radiol 85 (2012)

#” ESTRO

Radboudumc €ohool




Treatment preparation — diagneséie=-scam

dedicated MRI scan

Good collaboration with Radiology department

diagnostic scans :> detection/staging

scans for treatment planning |:> tumor location/extent

geometric accuracy of MR images

(can be compromised e.g. by - inhomogeneity of main magnetic field
- magnetic fieid disturbance by imaged objects)

# ESTRO

Radboudumc %, < .1




Treatment preparation — planning CT

Purpose: delineation of tumor (— PTV) and calculation of dose

! reproducible positioning of patient at simulation & treatment

knee support
markers (skin)
fixation masks

Vbl

Potential errors/challenges:

e set up error on scanner
. . ins!
- movement during scan (patient or tumor) — magns

* metal

# ESTRO

Radboudumc %, < .1




Treatment preparation — planning CT

Example: metal

Metal Artefact Reduction software

After MAR

(@ &

GE (MAR)

Philips
(O-MAR)

Toshiba
(SEMAR)

#” ESTRO

Radboudumc €ohool



Treatment preparation — planning CT

Metal Artefact Reduction software

Beware of artefacts being created by software!

Radboudumc J 5311—5 O




Treatment preparation — planning (PET/)CT

Example: movement

. "ESTRO

Radboudumc 0. e



Treatment preparation — delineation

Example: motion

fast slow

Radboudumc 531—5 O




Dealing with tumor motion

Fast motion

» breath-hold CT scan
« gated CT scan
* 4D CT scan
= 3D scans at multiple phases

amplitude 4 C
inhale respiration correlated CT

exha

» time

N\ N

& & o

<
£

# ESTRO

Radboudumc %, < .1




Dealing with tumor motion
4D CT — mid-ventilation

time-weighted average position

Iaximum The Metherlands Cancer nstitute
e Ariani van Leeuwenhoek Hosplta
expirafion

b . J MMaximum
% [Tumor trajeciory inspiration
&=

_# ESTRO

Radboudumc PQ School



Dealing with tumor motion

Interfraction changes

“plan of the day”

« >1 CT scan (e.g. with full and empty bladder)
* in-room imaging before treatment
« selection of daily plan from library

s
:_;_)
! ‘ NKI-AVL [15

ity
Andoi van Leeuwenhock Hospital

Adaptive RT

_# ESTRO

Radboudumc PQ School




Treatment preparation — display

Example CT: Window/Level (W/L)

#” ESTRO

Radboudumc €ohool




Treatment preparation — registration

Purpose: accurate delineation of tumor and organs at risk

Challenges/potential errors:

— Talk on image registration

. "ESTRO

Radboudumc . B




Planning CT

Diagnostic scan

Image data in RT chain

—
—

Registration

TPS/
Reg. software

In-room imaging

delineation

—

Treatment planning

|

Treatment delivery

Position verification

Adaptive RT

_# ESTRO

Radboudumc PQ School



Treatment delivery — ImageGuidedRT

In-room imaging with

Portal Imaging (2D)
Cone Beam CT (e.g. Elekta, Varian)
MV CT (e.g. Tomotherapy)

* MRI (Viewray, Elekta/Philips)

Radboudumc PQ School




Treatment delivery — IGRT
Example: CBCT

tumor regression

planning CT
CBCT

— back to the CT scanner

®  ESTRO

Radboudumc TS




Treatment delivery — IGRT
Example: CBCT

planning CT
CBCT

tumor displacement

— back to the CT scanner

#” ESTRO

Radboudumc %, < .1



Treatment delivery — IGRT
Example: CBCT

weight loss

1stweek last week of treatment

planning CT
CBCT

#” ESTRO

Radboudumc %, < .1




Next IGRT generation: MR-guided RT

~ Real time 2D/3D

LS Ly yimaging

! Wy / (/’” 77
177

/j/ .
extra Y4 /////4, >

e

~ i 0 L et
= =N ddose resy &>
£ M UB T




Treatment delivery

MR-guided RT
MRIdian  viewray Atlantic  philips/Elekta

http://medicalphysicsweb.org/cws/article/research/5617916

0.35 T split magnet MRI CE marking expected 2017
3 Cobalt-60 teletherapy heads cylindrical 1.5 T closed-bore MRI

# ESTRO

7\ School



http://medicalphysicsweb.org/cws/article/research/5617916

Planning (PET-)CT

Diagnostic scan

Image data in RT chain

—
—

Registration

TPS/
Reg. software

In-room imaging

delineation

—
N

Treatment planning

|

Treatment delivery

Position verification

Adaptive RT

_# ESTRO

Radboudumc PQ School



Image guided Adaptive RT

= modify treatment plan due to anatomical (or physiological) changes

(IGRT: acquire image — (rigid) registration — move isocenter/table)

Offline ART > Online ART
adapt treatment plan between fractions « choose plan from “library”
— re-contour & re-plan — plan of the day

« adapt plan “online”
(while patient on treatment table)

# ESTRO

Radboudumc %, < .1




Image guided Adaptive RT

= -

"Il#'ﬂ -H._-
"-HI-I“NI - l_:.*'#-’

S5 THIS SIGN HAS

.l..-.-—_-....

gsuAnP EDGES*“"’“

HHTTHMTHI!HHEFTHE!IH -k

e

...when ‘adapting’ tumor target volume as result of gross tumor shrinkage

*'J:-

s N

— potential of geographical miss of residual microscopic tumor

. ESTRO
Radboudumc m‘ School




“WithGreatlmaging
ComesGreat
Responsibiiity »

Martina

Radboudumc L4 ECS;.IS O



Take home messages

 Understand imaging techniques and their limitations

« Additional imaging gives additional information & knowledge
=) increases responsibility

« Use extra information with care (e.g. be careful with reducing margins)

#” ESTRO

Radboudumc €ohool




\/ USE

w IMAGE WISELY®
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From uncertainties to margins

Peter Remeijer

N

oy

NETHERLANDS \g

CANCER 5=
INSTITUTE LI

ANTONI VAN LEEUWENHOEK



Introduction

Geometrical uncertainties are unavoidable
Many are patient related

What types of errors do we get?

How large a margin do we need?

ANTONI

VAN LEEUWENHOEK
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The basics



The radiotherapy chain

1 x 35 X
Patient
. CT room . Treatment room
. Lasers . Lasers
. Skin markers . Skin markers
Patient _, . Bone
. Tumor
. Images v
. Bone
. Tumor
. Delineation . Beam
. Margin . Accelerator
. Planned beam . Treatment room M'J
Patient data NETHE DS }9

CANCER + N
17 steps with a lot of room for errors INSTITUTE L1

ANTONI VAN LEEUWENHOEK



Geometrical uncertainties

Average of patient = systematic error for that patient

Standard deviation of all averages = 2

Patient 2
Patient 3
Patient 4
Patient 5

Standard deviation within a patient = o,

X Average of all 6, = o

| s
=&
NETHERLANDS 3j
CANCER 3% 3
]

INSTITUTE

ANTONI VAN LEEUWENHOEK



Geometrical uncertainties

y Average of patient = systematic error for that patient
Patient 2 Standard deviation of all averages = 2
Patient 3
Patient 4
Patient 5

Standard deviation within a patient = o,

X Average of all o, = 0

Y

af

NETHERLANDS vz)

DEMO CANCER /5=

INSTITUTE

ANTONI VAN LEEUWENHOEK



Effect of geometrical errors

Random errors (o) blur the cumulative dose distribution

-@

©)

Single fraction doses with random shifts All fraction doses added

Systematic errors (Z) shift the cumulative dose distribution

-~
@ NETHERLANDS :9
CANCER
INSTITUTE
ANTONI VAN LEEUWENHOEK
Average dose distribution shifts




Geometrical uncertainties

e Systematic
— Same for whole treatment
— Shifts the dose distribution
— May be different for each patient but the same for one patient
— Quantified with standard deviation 2

 Random
— Different every day
— Some patients may have larger variations from day to day than

others _
— Blurs the dose distribution af
. . . NETHERLANDS :,)

— Quantified with standard deviation o CANCER 5% 3

INSTITUTE

ANTONI VAN LEEUWENHOEK



Many varieties

 Translational errors

 Rotational errors

« Shape changes




But also different sources!

Source Systematic |Random Solution
Delineation |1-?? Mm - Multiple
modalities
Setup 1-5 mm 1-5 mm Portal
Imaging
Organ <1-50 mm <1-50mm Markers
motion Repeat CT

And all come as translations / rotations / deformations!

s

=&

NETHERLANDS 3)
CANCER A= 3

INSTITUTE L0

ANTONI VAN LEEUWENHOEK




Examples of geometrical uncertainties



Delineation variation

* Previous TVD course
 Individual participants

=
NETHERLANDS :Sj
CANCER

INSTITUTE
ba.Ck NTONI! VAN LEEUWE




Prostate motion

e Large amount of air in rectum during planning scan
* Not present during treatment




!|a!!er !l”lng c!anges

» Bladder volume is larger in the CBCT scan
than in the planning scan




So how do we determine these errors?

'm still waiting for the
day that | will actually vse

du  dn | du 3 Ve 3 u
17, o 2 08 a0 18. 3:5 45— +-==0
dx’ oxdy ay° ax’ axay ay-
3! U 37 : 37
:_-_‘-“46_'..1"_..9'._:!_»“ ._.__..__'._L‘.._J
ax’ axay ay*

3°
a (- 0

au

' u
ax’ axay " axay

{ —

O u u | du
2 b -

- o - -
adx oy oy’

Fu '
T T s u
ax®  ay’

' du
ax- ar?

in real life

ax ? o




Determining the uncertainties

* Imaging!




Determining the uncertainties

* We can image the patient from fraction to
fraction and analyze the geometrical changes

* Image tumor

. Use surrogates | WO

— Fiducials ® 4 L= & % -
— Bony anatomy (margin for organ mO'[IOI’]")ETHEE%S :

ANTONI VAN LEEUWENHOEK

rn?D



!etermlnlng tHe uncertainties

* Register bony anatomy - Setup error
* Register tumor position - Organ motion

* Analyse re-delineation - Delineation variability

=
NETHERLANDS \Aj
CANCER

INSTITUTE

LEEUWENHOEK
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How do we determine the PTV margin?

« Effect of random and systematic errors on
the dose distribution Is different

Random errors (e} blur the cumulative dose distribution

Q-G

ngle fraction doses milh randosmn shufts Al fraction doses added

Systematic errors (Z) shift the cumulative dose distribution

-
Average dose distribuiion shifts

- We need a separate approach!

Er

NETHERLANDS &
CANCER 5=
INSTITUTE L=

ANTONI VAN LEEUWENHOEK



Random errors (&) blur the cumulative dose distribution

Q-©

« Random errors blur the dose distribution

— Translations : Convolution dose with error distribution
— Rotations : Convolution dose with error distribution (Bel)

Original dose distribution Random error distribution Blurred dose distribution



\!|arg|ns 'OI‘ ran!om errors

« Margin for random errors:

- Difference at 95 % dose level (i.e. the dose
level of interest) before/after convolution

 Example

| s

=&

NETHERLANDS :._j
CANCER A= 3

INSTITUTE £L¢
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random errors.xls

Margins for random errors

Dose level| PTV margin (P\;-\:/ ;n g rg::;
80% 0.84 V (62 + y?) — 0.84 y 0.4 o
85% 1.03V (02 + y?) — 1.03 v 056
90% 1.28 V (02 + y?) — 1.28 v 0.6 ¢
95% 1.64 (o2 + y?) — 1.64 y 0.70
o = SD of random errors, =
v = o of Gaussian penumbra ETF:Z(EE%?NT%%E :;?}

ANTONI VAN LEEUWENHOEK

*linear approximation



Margins for systematic errors

« Systematic errors shift the dose distribution
— But we don’t know in advance in which direction!

Y
:af
NETHERLANDS -e)
CANCER 5=
INSTITUTE {1t 5
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argins tor systematic errors

« Systematic errors shift the dose distribution

— But we can say something about the “target area’ if we know
the distribution of the errors, i.e. the standard deviation

Y

Ly

NETHERLANDS :,)

CANCER 5=
INSTITUTE L™=

ANTONI VAN LEEUWENHOEK




PTV !or systematic trans|at|ons

* 90 % Confidence interval

—1-D:+1.64 X

— 2-D : Ellipse with radii 2.15 D

— 3-D : Ellipsoid with radii 2.50 X

X,Y,Z




Margins for systematic translations

« Select point in (square shaped) CTV
» Determine CI = Ellipse with radii aZ,, mm -
* Determine envelope of all CTVs in ClI

Er

NETHERLANDS &
CANCER 5=
INSTITUTE L=

ANTONI VAN LEEUWENHOEK

"90% 2D CI: a=2.15



Margin for systematic errors

IConfidence level] 1-D errors 2-D errors 3-D errors
80% 1.28 X 1.79 X 2.16 X
85% 1.44 % 1.95% 2.31 %
90% 1.64 X 2.15 %2 2.50 X
95% 1.96 X 245 % 2.19%2
e
NETHERLANDS :g%jl
. : CANCER 55
> = SD of preparation/systematic errors INSTITUTE L5

ANTONI VAN LEEUWENHOEK



argin recipe

* To cover 90% of the patients with the 95%

Isodose level:

Margin =25*X+0.7* o

Where

— 2 2 2
2 = \/zorganmotion B zsetup Zdelineation

— Z
0= \/Gorganmotion

+0

setup

Z

| e
=&
NETHERLANDS 3)
CANCER 3% 3
]

INSTITUTE
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Keeping things In perspective

‘0l

Margin recipe assumptions

Perfectly conformal dose distribution

Large and smooth (compared to penumbra size) CTV

Translational errors only
Homogeneous dose distribution
Large number of fractions (for the 0.7 part)

Real life
— Not conformal, i.e. margin will depend on shape of dose distribution

Not smooth

Lots of changes - translations, rotations, shape changes...

Inhomogeneous dose distributions
Any number of fractions (or very few!)

INSTITUTE £L¢

ANTONI VAN LEEUWENHOEK



vVersus unaeraosage

GTV: Whole volume tumor CTV: Probability of tumor

GTV

CTV

Microscopic disease

N
a’f
NETHERLANDS -e)
CANCER 5=
INSTITUTE L 5

ANTONI VAN LEEUWENHOEK



vVersus

Underdosage of GTV will always
lead to underdosage of tumor cells

unaeraosage

Underdosage of CTV will not
always lead to underdosage of

tumor cells

GTV

CTV

Microscopic disease

| s

=&
NETHERLANDS :._j
CANCER =

INSTITUTE L™

ANTONI VAN LEEUWENHOEK



Keeping things In perspective

« GTV -2 PTV margin
— All cells in the GTV are considered to be tumor

_ I:)underdosage = I:)geometrical miss

— Use margin prescription

« CTV -2 PTV margin
— Inthe CTV there is a probability of tumor cells

_ I:)underdosage = I:)geometrical miss X I:)presence of tumor cells
— Margin can probably be smaller

P8
« Caveat: Tumor cell probabillity is needed  \erherLANDS ;Aj

CANCER
INSTITUTE L™=

ANTONI VAN LEEUWENHOEK



Conclusions

e Systematic errors have different and larger dose effects
than random errors

A margin is always necessary. Without the proper
margin underdosage will occur

« To determine margins it is important to now the statistics
of the geometrical errors

« Since delineation uncertainties are systematic, they will
have a |large effect on the required margin

Ly
NETHERLANDS &
INSTITUTE L=
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Deformable Image Reglstratlon [&»\; '

Martina Kunze-Busch Peter Remeijer
Radboud University Medical Center Nijmegen Netherlands Cancer Institute
The Netherlands The Netherlands
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Overview

= |ntroduction (M.Kunze-Busch)

» Clinical practice at the AvL (P.Remeijer)

e
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Available software programs

Features include (among others)

. m | m - atlas based auto contouring

- deformable image registration
- dose accumulation

SOFTWAREWm

MIRADA

medical

Velocity)

and some treatment planning systems

Radboudumc NKEAVL Ll : 4 ISESth[}O

van Leeuwenhoek Hospital


http://www.advotechprojects.nl/mme/upload/fotos_09-06-22_10-50-27.jpg

N

JUSTDOIT.
®

Y:‘ﬂ

Radboudumc NKI-AVL [T§=~ L4 ECS,IJ} O



http://www.advotechprojects.nl/mme/upload/fotos_09-06-22_10-50-27.jpg

A\ CAUTION

deformable image registration

deformable image registration without deformable image registration

reality

N
5

Radboudumc NKI-AVL ﬂllj\ L ECS’ILQ O
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Main applications of DIR in ART

Delineation propagation ‘/

I EVALUATION

Per-treatment CT/CBCT I
|
I

I Manual delineation I

"3'

DIR

I Manual delineation I

Deformation

‘3' 1 oe.in;a:: Md_,‘ug‘

propagation
Planning Propagated Reference
delineation delineation delineation
!
Manual | Evaluation
correction | metric
"o
t$ ,
|
Corrected |
delineation
Ref: Simon et al., Conf Proc IEEE Eng Med Biol Soc. 2015 —l
Radboudumc NKEAVL & ESTRO

aeeumhoem
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Delineation propagation

Atlas based segmentation

Would you tell me, please, which way I ought to go from here?

That depends a good deal on where you want to get to.
Alice and the Cat, "Alice in Wonderland”(1951)

A\ CAUTION

Radboudumc NKI-AVL ﬂ; ESTRO

mmm«m ancer insutyte SChOO’

ntoRi van Leeuwenhoek Hospital
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Evaluation of registration

Visual inspection of deformation field

MIRADA
medical

heat maps

 Surface baset _usdorff Distance, DTA distance to agreement

ESTRO
School




Main applications of DIR Iin ART

Delineation propagation ‘/ Dose accumulation

I EVALUATION

Per-treatment CT/CBCT I Planning C er-treatment CT/CBCT
X
2 \ _f
. y - ) . -
»

I Manual delineation I

DIR

I Manual dellneation I

Deformation

I
vector field I I
| X8 ' § : j"'
I
I
I

propagation

‘g Delineati-on ‘ 1.

Planning Propagated
delineation delineation

Manual
correction

Evaluation
metric

not yet validated for
clinical practice

. Ref: Simon et al., Conf Proc IEEE Eng Med Biol Soc. 2015 3

Radboudumc NKI-AVL & ESTRO

menem lands Cancet insttute | SChOOl

n Lecuwenhoek Hospital
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A\ CAUTION

Dose warping/mapping

_wre application to dose-warping.”

\/

Dose accumulation

warped dose uncertainty !

- |
spatial error (due to registration) x dose gradient |

Prof. Jean Pouliot
AAPM 2014

[‘IJRPBP T 14) Mencarelli et g,

applying DIR for tumor
Ve procedures”

.1 De seen between ... different
_ «1at DIR performance should be

J

B
Radboudumc NKI-AVL [L3 A ESTRO

menem tands Cancer insttyte
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Clinical implementation

Thorough QA of software required !

Understand how software works

Be aware of the limitations of the algorithms

Ask yourself: which accuracy where?

Radboudumc NKEAVL Ll ISEShT(!}O

ecuwenhoek Hospital
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Physical or digital QA

Mechanical phantom Simulation

» physical deformable - artificially deformed real patient images or

o . virtual phantoms

* In vivo-dosimetry
e.g. ImSImQA (commercial software)
e.g. lung phantom Univ. of Michigan -

Clinical images

« real patient image data

Kashar" et a| Med PhyS 35 (2008) e.g- = data Set from dlr-lab/pOpl. .

e.g. deformable H&N phantom Univ. of Calif. k ‘ The Deformable Image Registretion Laboratory

- replanning CTs or CBCTs

Graves et al., Med Phys 42 (2015)

Radboudumc NKI-AVL &3 ESTRO

menemecm Cancas institute I SCl‘lOOl

n Lecuwenhoek Hospital
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Clinical practice at the AvL



Library of plans

 Create a collection of plans

 Select the best fitting plan at treatment, based
on CBCT images

 For a library we need N different situations

» Usually only one or two situations available
= E.g. Empty and full bladder

> So how to create intermediate structures?
» Deformable registration!

ESTRO
School




— Cervix/uterus
on CT

—— Bladder
on CT

—— Delineations
on CBCT




Full/empty bladder CT




Delineate on full and empty honv anatomv
bladder CT

non-riaid (C.R)

Deform full bladder contour

Generated warp field is model
for organ motion

School



Uterus motion model

DVF: 126 pct

LWV N
RPN
LA VZAVARN
\IVANV/INVAN,
NN
WA RVESANTLY
T o TAVA WAVAVA\Y
P AN a R X g NN
A S S i e N\

B R A

v

PRt T

e A
TR S SR
5 T 1_5 1%;-!1

Select 4 bladder
fillings based on this
model:

0 %

33 %
66 %
100 %

ESTR
. School O



Generated CTVs

Select 4 bladder
fillings based on this
model:

e 0%
e 33 %
e 66 %
e 100 %

ESTRO
School






P - - - -

Yok X L b A AN & 1 Image

Reconstruct |

Slice averaging
I None > I

Display mode
Localization or

Ya | 76

2, | 2
o |

4 4
Corre cton s L 1 "" ----- T e S g S J R e 2 e e R e - - .l

---------------------- & Reference Protocol I Adv. €

: 7 : Markers .. ¥ CorRef.. |Patien{| Registration: |Clipbox ;I

~ Scan .. v ! Structures .. | Load . — |CI' b _J

a1 Correction from: v

¥, Clipbox .. rl  Mask. Save| T IPoox

.| Plan Clear —.J

Correction 4]
LP2

Position Error Table Correction
Translation (cm) Rotation (deg) (cm)

x [oos 4 x [0 4  Vert -0.2
v oz 4 v o 4 Lat -0.1

z o7 4 z oo 4 Long 0.2 o
@

Register Clipbo.  Correction | Overview j

.................................................................... NKI-AVL Mode Dismiss | Load | Confirm |

Elekta database] Image selection Reconstruction - Image guidance I

LP1 = full bladder LP4 = empty bladder Slide Nelly Kager, ESTRO 2014



Creation of pseudo CT scans

* A ‘deformed’ planning CT scan
» Based on average shape change of patient

» Deformable registration

» CBCT~->CT
»  Average deformation vector fields
»  Use the inverse of this to deform the planning CT

ESTRO
School




planning CT deformation vector field (DVF) daily CBCT

average ‘ <DVF>
systematic

deformations

L
.

modified CT wit
average anatomy

Kranen e.a., Radiotherapy and Oncology 109 (2013) 463-468

_# ESTRO

V% School



Mid-position CT scans

* 4D readily available
 How to plan?

- Mid-position is representative of the true average position of
the tumor
»  Small systematic errors
»  Small margin!
 How do we create this?
»  Deformable registration!

_ ESTRO
2Di24-04-2014 Fshool




4-D CT

Register each 4-phase to exhale phase
Determine average deformation
Apply inverse of average to get mid-position scan

Optional:
»  Deform BH contrast scan to mid-position

ESTRO
6hool



Contour propagation

 Usage
> Reduce workload by deforming (propagating) delineated structures to match
a second scan

A\

Validation important!
Errors can be on the order of 1-10 mm

A\

&’ ESTRO

School




Head & neck — semi deformable registration

Single ROI, rigid registration

ROI encompasses:
« PTV
« Vertebrae

* Base of skull
e Jaw

Purple: CBCT
Green: planning CT
Overlay: white = match

& ESTRO

School




Single ROI registration

e Match inaccurate
»  Misregistration?
> Deformation?




Use multiple ROIs

Allows:

« Accurate local
registration

e Assessment of
local setup
errors

Still bony anatomy,
easy to validate




Image registration

Purple: planning CT
Green: CBCT

7% School




Validation of registration

All registrations at once
by warping

- Fast

¥\ School




Corrections

Couch shift: Average of all regions of interest

Correct
average




Corrections

Residual errors and
deformations can now be

addressed, i.e. by thresholds
on movements

4 ESTRO

= VS School




Conclusions

Deformable image registration is a very powertful tool
Many applications

Beware! DIR fixes everything, but is not necessarily
anatomically correct

Validation is important for each application and each
treatment site!

ESTRO
School
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Image registration

in Radiation Oncoloy

Martina Kunze-Busch
Radboud University Medical Center Nijmegen
The Netherlands

#” ESTRO
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Overview

Image registration

Definition

A closer look at the different components/steps

- geometrical transformation
- similarity measure
- optimization algorithm

Image registration in the RT chain

- treatment preparation

- treatment delivery problems/challenges

Quantification of organ motion

Registration accuracy

Radboudumc
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Image fusion
Jul® click here

#” ESTRO
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Image registration <> image fusion

Image registration

spatial alignment/ ‘ Image 1 ‘
geometrical transformation T of image

Image 2

Image fusion
integrated display of data .

goal of image registration = find geometric transformation that best aligns two images

‘ 'ESTRO

Radboudumc . . B



Image registration

The three core components of image registration:

1. Spatial/geometrical transformation T
2. Similarity measure/cost function

3. Optimization algorithm

transformation coeff optimize
transform image measure similarity

J

_# ESTRO
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1. Geometrical transformation T

* Rigid
- no deformation
- only translations and rotations are allowed

(3 rotations, 3 translations — (max) 6 independent parameters)

» Affine

- shearing, stretching
(3 rotations, 3 translations, 3 stretches, 3 shears — (max) 12

arameters)

. ESTRO
Radboudumc m‘ School




1. Geometrical transformation T

« Deformable /non-rigid
- e.g. elastic
(milions of parameters!)

# ESTRO

Radboudumc %, 5. ./




1. Geometrical transformation T

Example: deformable registration of diagnostic PET and CT

Schoenfeld et al, AJR 2012

#” ESTRO
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1. Geometrical transformation T

Deformable /non-rigid
- e.g. elastic
(milions of parameters!)

A CAUTION

average errors can be in the range of 1 — 5 mm

Validation !

# ESTRO
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2. Similarity measure

Similarity measure quantifies degree of similarity between 2 images

Different methods exist:

- FEATURE - based
 INTENSITY — based (grey values)

« MODEL - based

# ESTRO

Radboudumc %, s3...1




2. Similarity measure

Feature-based method

» extract feature from images & evaluate distance between features
* employed when local accuracy is important
« dependent on accuracy of feature extraction

2 types:

Landmark-based method Segmentation-based method

Radboudumc f‘”‘éf '5531—5 O




2. Similarity measure

Intensity-based method (grey values)

« all pixels in overlapping regions are utilized
» does not require detection of geometric features EEEEEE
e time consuming

e.g. mutual information

#” ESTRO

Radboudumc €ohool




2. Similarity measure

Model-based method

e.g. deformable transformation model for contours

similarity measure + regularization/penalty term (tissue characteristics)

- " ESTRO

Radboudumc %, < .1




2. Similarity measure/COST FUNTION

description of problem in mathematical terms

value of cost function reflects quality of registration: smallest value = best solution

Example:

find shortest way to Rome ' 4 cost function = 2 path lengths

answer: red

find fastest way to Rome — extra parameter: speed limit

answer: green

#” ESTRO
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3. Optimizer/optimization algorithm

optimizer finds smallest value of cost function (= “optimal” transformation)

example: gradient descent

LL
5 - od
&
§ local %\6\
/ minimum
global 5
minimum

Radboudumc . 5311-5 O



Image registration in the RT chain

Initial diagnosis Preparation/planning Delivery Adaptive
and staging (delineation) (position verification) RT

Quantification of organ motion/
organ motion analysis

PublMed \»| image registration radiation therapy
Create RS5  Create alet  Advanced

summary - 20 per page » Sort by Most Hecent - Send to: -

Results: 1 to 20 of 1486 October 2015 Page 1 of 75 MNext= Last=
1to 20 April 2016

# ESTRO
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Image registration in the RT chain

Initial diagnosis Preparation/planning Delivery Adaptive
and staging (delineation) (position verification) RT

Quantification of organ motion/
organ motion analysis

_# ESTRO

Radboudumc PQ School




Treatment preparation

planning CT — diagnostic MRI MIRADA

medical

registration

visual check

delineation

#” ESTRO

Radboudumc €ohool




Treatment preparation

problems/challenges

« scan artefacts (MRI: geometrical distortions....)

« patient movement / organ motion during scan
(also possible in hybrid systems)

« different scanning positions in different imaging modalities
* no use of fixation mask in MRI / PET
« different table tops

Radboudumc L4 ISECS;.ICI} O



Treatment preparation

different scanning position

planning CT diagnostic MRI

no fixation mask on MRI

— different flexion of neck

mouth open - closed

#” ESTRO
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Treatment preparation

motion

Hybrid PET/CT

@ ESTRO

Radboudumc %, < .1



Treatment preparation

scans at different points in time

planning CT pre-operative diagnostic CT

#” ESTRO
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Image registration in the RT chain

Initial diagnosis Preparation/Planning Delivery Adaptive
and staging (delineation) (position verification) RT

Quantification of organ motion/
organ motion analysis

_# ESTRO

Radboudumc PQ School




Treatment delivery

Image guided RT with Cone Beam CT

alignment of in-room CBCT images
with planning CT images

- position verification of patient (online/offline protocols)
- localization of tumor at time of treatment
- assessment of change in anatomy (tumor size/weight loss or gain)

Image guided Adaptive Radiotherapy (ART)

A ESTRO
~ VN School

Radboudumc




Treatment delivery

CT — CBCT: Bone registration

Planning CT
CBCT

Registration (Clipbox)

Paosition Emror
Translation (cm)  Rotation (deg)
(O [T ¥ [oo A

vy o < y oo 2
Z oo 5 Z [0 4

Rewet | H—
| I"’-!.-q:h:f Ebb-m:_ _; Comacion __. [
Volume\iew Registration Dtz

unregistered
#” ESTRO
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Treatment delivery

CT — CBCT: Bone registration

3 |
‘eference Protocol Reference Protocol Reference Protocol

_ , — | = e I p—
Sean | W Stuchmes I | F __Scen. | v _. ‘.t-_l_r.!.i_:_ll._r_!r_:_ | : !__ Scan | '-Ti Stiuctune: |

P _Cgbos. | [t | ! P_Gebox. | T | P _Gebes. | . |

\egistration (Clipbox) TR e Correction Correction

rosition Error suomatic | Position Error Table Correction Position Error Table Correction

{cm) (cm)

ransllit;in {cm) [ 4 4 Lat 011 _ 3 1 Lat 0.05
T 3 4 Long -0.19 joor 4 4 Long 0.07
e - 4 Vert -0.20 73 4 Vert -0.16

Radboudumc L4 ECS;,IE O



Treatment delivery

CT-CBCT
uhregistered bone registration grey value registration

®” ESTRO
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Treatment delivery

HI-ART Tomotherapy

Example of sagittal view of MVCT (green) and kVCT (grey) registration
Yartsev et al. (2007)

& ESTRO

Radboudumc TS




Treatment delivery

Outlook - MR

Atlantic

& ESTRO

School




Image registration in the RT chain

Initial diagnosis Preparation/planning Delivery Adaptive
and staging (delineation) (position verification) RT

Quantification of organ motion/
organ motion analysis

# ESTRO

Radboudumc %, < .1




Quantification
of organ motion

repeat CT

4D CT

4D CBCT

4D MRI

breathing motion:
lung tumor 4D (CB)CT displacement curve

Organ motion
analysis

Analysis of prostate motion

and deformation
(Deurloo et al [JROBP 2004)

mean SD =1.0 mm

SD (mm)

B B 8B O O =

0-0.25 0.25-0.75 0.75-1.25 1.25-1.75 1.75-2.25 2.25-2.75

local shape variation displayed
in color wash on average GTV

& ESTRO

Radboudumc TS



Registration accuracy
Impact on margins?

Examples for registration uncertainties:

~ 0.5 mm for cranial CT-CBCT registr=*

(Sykes et al.,PMB 2009) ?‘(\0“
. A\
< 2 mm for cranial CT-M" ?\‘\0“ \
(Ulin et al., IJROP™ RO L e\
o™ ¢ e?
\J o
et 2\
>27" ?‘\(\ A AL .l cancer
T \)9_0 AL
~2m yistration for prostate
(Nyht , kadiat. Onc. 2009)
~ 5-7 mm for DIR

(Yeo et al., Med. Phys 2013)
#” ESTRO
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Some reading material

Image Processing
in Radiation Therapy

—
ey v
T

« Brock (editor) Image Processing in Radiation Therapy, CRC Press 2013

« Kessler et al., BJR 2006 Image registration and data fusion in radiation therapy

* Brock et al., IJROBP 2010 Results of a multi-institution deformable registration accuracy
study (MIDRAS)

Look out for...

« AAPM TG 132 Use of image registration and data fusion algorithms and techniques in
radiotherapy treatment planning

Start: 3/9/2006
End: 12/31/2014 (?)  for preliminary recommendations: http://amos3.aapm.org/abstracts/pdf/77-22544-313436-9087 3.pdf

#” ESTRO

Radboudumc €ohool


http://amos3.aapm.org/abstracts/pdf/77-22544-313436-90873.pdf

Take home message

» Image fusion -
not as simple as “pushing a button™!

CAUTION
Image fusion

 ALWAYS check fusion result to avoid geometric misses

Radboudumc PQ School




' Randy Glasbergen
Glasbergen.com

“Martina’s presentation wasn’t so bad.
After the third hour, my spirit left
my body and went to the beach!”

& ESTRO

School




Universitatsklinikum Carl Gustav Carus
DIE DRESDNER.

Esther Troost, MD PhD

Klinik und Poliklinik flir Strahlentherapie und Radioonkologie

Universitats KrebsCentrum (UCC)
esther.troost@uniklinikum-dresden.de

ESTRO course Target Volume Delineation
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As promised...

I ACR phantom for MRI quality assurance

Google.com www.uniklinikum-dresden.de
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I Lymphatic drainage of the lungs

I N-stage and regional lymph node stations (maps)
— Naruke
— Mountain-Dresler map
— IASLC

I Evaluation of the mediastinal lymph nodes

www.uniklinikum-dresden.de
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Lymphatic drainage of the lungs

Kight paratracheal nodes [eit paratiachieal nodes

Right supenor trachecbhronchial nodes Bronchomediastinal lyimphatic tunk

. Branchomediastina! lymphatic trunk Brachiccephalic vein

Brachiocephalic vein Inferior ceep cervical
(scalena) node

Infrrior deep cenvical
iscalenel nade

Tharacic duct

Lelt superior

Internal jugular vein trachechronchial nodes

and jugular lymphatic trunk

: s J (Aartic arch) node of
Right hmphatic duct ligamen i arteriosum
Subclavian vein

and subclavian
ymphatic trunk ———

Bronchopulmanary
(hilar) nodes

- 1 4 ] Pulmonary (intra-
aronchopulmonary i L ’ -' y y : i y
(hilar] nodes : .. . 5
Subpleural
[¥mphatic
plexus

* Pulmonary {intra-
pulmonary) nodes<g

Sunpleural Intedobular
lymphatic - o lymph
plexus 3 = / : " = vessels

intedobular £ § 2z ; % . v ' Drainage
lymph 2 7 : > S i} follows
vessels: 3 . 5 : bronchi,

: arteries
Drainage e S —" / Inferior | s S NI and veins
IOI.-OWﬁI 3 5 i tracheobronchial 3
bronchi, ¢ ; j {carinal) nodes
arteries & —
and Pulimanary

veins : . b : lrgarments:

Routes to
mediastinum

www.uniklinikum-dresden.de
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Pattern of mediastinal LN metastases

Universitatsklinikum Carl Gustav Carus n*
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Nodes Right upper | Right lower |Left upper| Left lower
(N =113) (N=108) | (N=113)| (N =68)

Tracheobronchial 16 14.3 11.8
Pretracheal 13.8 6.7 14.3
Paratracheal 15.9 11.1

Subcarinal 6.3 22.2 2.4 18.5
Para-aortic 16.7

Subaortic 15.1 19.1

Numbers are expressed in %

Adapted from Ogata and Naruke 1986

www.uniklinikum-dresden.de
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Nodal stage

NO N1

e e Frae— _pDewof

NX Regional lymph nodes cannot be
assessed

NO No regional lymph node
metastasis

N1 Metastasis in ipsilateral
peribronchial and/or ipsilateral
hilar lymph nodes, and intra-
pulmonary nodes, including nodal
iInvolvement by direct extension

www.uniklinikum-dresden.de
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Nodal stage

Universitatsklinikum Carl Gustav Carus
DIE DRESDMER.

N2

N2 Metastasis in ipsilateral
mediastinal and/or subcarinal
lymph node(s)

* including skip metastasis
without N1 involvement

= Or associated with N1 disease

www.uniklinikum-dresden.de
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N3 Metastasis to

= contralateral mediastinal,
contralateral hilar, contralateral
scalene or supraclavicular lymph
node(s)

= ipsilateral scalene or
supraclavicular lymph node(s)

www.uniklinikum-dresden.de
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Regional LN stations: Naruke map

Universitatsklinikum Carl Gustav Carus
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#1

#2
#3
#3a
#3p

#4
#5
#6
#7
#8
#9
#10
#11
#12

#13
#14

The Japan Lung Cancer Society. Classification of Lung Cancer,
1st English Ed. Tokyo: Kanehara & Co., 2000

Superior mediastinal or

highest mediastinal

Paratracheal

Pretracheal

Anterior mediastinal

Retrotracheal mediastinal or posterior

mediastinal

Tracheobronchial

Subaortic or Botallo's

Paraaortic (ascending aorta)

Subcarinal

Paraesophageal (below carina)

Pulmonary ligament

Hilar (main bronchus)

Interlobar

Lobar:--upper lobar, middle
lobar, and lower lobar

Segmental

Subsegmental

(By Tsuguo Naruke)

www.uniklinikum-dresden.de
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Regional LN stations: Mountain-

Dresler map

Superior Mediastinal Nodes

@ 1 Highest Mediastinal

@ 2 Upper Paratracheal

Brachiocephalic

(innominate) a-._ @ 3 Pre-vascular and Retrotracheal

@ 4 Lower Paratracheal

(including Azygos Nodes)
Ligarﬂ&ﬂtum N, = single digit, ipsilateral
i . N, = single digit, al or supraclavicul
; anteriosum ok

Aortic Nodes
@ 5 Subaortic (A-P window)

4R ! ;
Azygos v.~.__ D @ 6 Para-aortic (ascending
aorta or phrenic)
ey Inferior Mediastinal Nodes
(10R) /

@ 7 Subcarinal

@ 8 Paraesophageal
(below carina)

@ 9 Pulmonary Ligament

@ »' ®, N; Nodes
L © O 10 Hilar

(1213.14R .(@ : ‘ (12.13.140) @ 11 Interlobar
""""""" Inf. pulm. ligt. © 12 Lobar

@© 13 Segmental
© 14 Subsegmental

Adapted from Mountain, Dresler Chest 1974 www.uniklinikum-dresden.de
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UICC 7 classification (2010)

é%% INTERNATIONAL ASSOCIATION

IASLC FOR THE STUDY OF LUNG CANCER

IASLC STAGING COMMITTEE ARTICLE

Staging
Manual in , _
Thoracic Oncology The IASLC Lung Cancer Staging Project

A Proposal for a New International Lymph Node Map in the
Forthcoming Seventh Edition of the TNM Classification for Lung Cancer

Valerie W. Rusch, MD,* Hisao Asamura, MD,7 Hirokazu Watanabe, MD,} Dorothy J. Giroux, MS,§
Ramon Rami-Porta, MD,|| and Peter Goidstraw, MD,¥ on Behalf of the Members of the IASLC
Staging Committee

Rusch et al J Thorac Oncol 2009
IASLC - staging manual in thoracic oncology 2009 www.uniklinikum-dresden.de
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UICC 6 versus 7 classification
6" edition T/M Revised T/M | NO N N2 N3
descriptor descriptor
T1 (<2cm) T1a 1A A HIA 1B
T1(>2-3cm) T1b 1A 1A HA 1B
T2 (>3-56 cm) T2a B A A 1B
T2 (=5-7cm) T2b A 1B HA 1B
T2 (>7cm) T3 B A HA 1B
T3 invasion T3 B A HA 1B
T4 (same lobe T3 1]=] A HIA B
nodules)

T4 (extension) T4 A A B B
M1 (ipsilateral T4 HA A B {]]=]
lung)

T4 (pleural M1a v v v v
effusion)

M1 (contralateral M1a v Vv IV v
iiing)

M1 (distant) M1ib v Vv IV v

IASLC - staging manual in thoracic
oncology 2009 www.uniklinikum-dresden.de
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I Detailed nomenclature for the surgical anatomical boundaries of lymph
nodes stations

I Most important changes from Mountain-Dresler map
— Shift of midline to the left of the trachea:
4R includes pretracheal LN
— Shift of cranial and caudal boundaries of # 2, 7, 10R, 10 L
— Might result in some recoding of N1 -> N2

I No of involved zones (single vs multiple)

Rusch et al J Thorac Oncol 2009 www.uniklinikum-dresden.de
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UICC 7 classifi

cation (2010)
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Rusch et al J Thorac Oncol 2009

Supraclavicular zone
1 Low cervical, supraclavicular, and
sternal notch nodes

SUPERIOR MEDIASTINAL NODES

Upper zone
. 2R Upper Paratracheal (right)

B2 Upper Paratracheal (left)
. 3a Prevascular
. 3p Retrotracheal

. 4R Lower Paratracheal (right)

4L Lower Paratracheal (left)

AORTIC NODES

. 5 Subaortic

AP zone

6 Para-aortic (ascending aorta or phrenic}l

INFERIOR MEDIASTINAL NODES

Subcarinal zone
7 Subcarinal

Lower zone

Paraesophageal (below carina)

Pulmonary ligament

N1 NODES
Hilar/Interlobar zone
10 Hilar
E 11 Interlobar
Peripheral zone
12 Lobar
13 Segmental

14 Subsegmental

www.uniklinikum-dresden.de
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IASLC Map

Upper border: lower margin of cricoid cartilage

Lower border: clavicles bilaterally and, in the midline, the upper
border of the manubrium, 1R designates right-sided nodes, 1L,
left-sided nodes in this region

For lymph node station 1, the midline of the trachea serves as the
border between 1R and 1L

)

Subaortic lymph nodes lateral to the ligamentum arteriosum
Upper border: the lower border of the aortic arch
Lower border: upper rim of the left main pulmonary artery

2R: Upper border: apex of the right lung and pleural space, and in
the midline, the upper border of the manubrium

Lower border: intersection of caudal margin of innominate vein with
the trachea

As for lymph node station 4R, 2R includes nodes extending to the
left lateral border of the trachea

2L: Upper border: apex of the left lung and pleural space, and in the
midline, the upper border of the manubrium

Lower border: superior border of the aortic arch

Lymph nodes anterior and lateral to the ascending aorta and aortic
arch

Upper border: a line tangential to the upper border of the aortic arch

Lower border: the lower border of the aortic arch

Upper border: the carina of the trachea
Lower border: the upper border of the lower lobe bronchus on the
left; the lower border of the bronchus intermedius on the nght

3a: Prevascular
On the right
Upper border: apex of chest
Lower border: level of carina
Anterior border: posterior aspect of sternum
Posterior border: anterior border of superior vena cava
On the lefi:
Upper border: apex of chest
Lower border: level of carina
Anterior border: posterior aspect of sternum
Posterior border: left carotid artery
3p: Retrotracheal
Upper border: apex of chest

Lower border: carina

Nodes lying adjacent to the wall of the esophagus and to the right or
left of the midline, excluding subcarinal nodes

Upper border: the upper border of the lower lobe bronchus on the
left; the lower border of the bronchus intermedius on the right

Lower border: the diaphragm

Nodes lying within the pulmonary ligament
Upper border: the inferior pulmonary vein
Lower border: the diaphragm

10

4R: includes right paratracheal nodes, and pretracheal nodes
extending to the left lateral border of trachea

Upper border: intersection of caudal margin of innominate vein with
the trachea

Lower border: lower border of azygos vein

4L: includes nodes to the left of the left lateral border of the trachea,
medial to the ligamentum arteriosum

Upper border: upper margin of the aortic arch

Lower border: upper rim of the left main pulmonary artery

Includes nodes immediately adjacent to the mainstem bronchus and
hilar vessels including the proximal portions of the pulmonary
veins and main pulmonary artery

Upper border: the lower rim of the azygos vein on the nght; upper
rim of the pulmonary arterv on the left

Lower border: interlobar region bilaterally

11

Between the origin of the lobar bronchi

“#11s: between the upper lobe bronchus and bronchus intermedius
on the right

“#11i: between the middle and lower lobe bronchi on the right

Rusch et al J Thorac Oncol 2009
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Rusch et al J Thorac Oncol 2009
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I Evaluation of the mediastinal lymph nodes

www.uniklinikum-dresden.de
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Evaluation of mediastinum

I Mediastinoscopy Invasive

I EBUS — TBNA

I EUS — FNA

1 PET

1CT Non - invasive

EBUS-TBNA: Endo Bronchial Ultrasound Guided —
Trans Bronchial Needle Aspiration

EUS-FNA: Esophageal Ultrasound Guided —
Fine Needle Aspiration

Herth et al, Eur Respir J 2006

www.uniklinikum-dresden.de
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Mediastinoscopy

Left Main Subcarinal

Bronchus Lydph Node | I Sensitivity 76-85%
: I Negative PV 82-92%
I Complication rate 5%
— Pneumothorax
— Hemorrhage
— Laryngeal nerve palsy

Right Main

Bronchus
Daniel et al. V1 ediastinoscopy. Canidothoracic Surgery Network

www.uniklinikum-dresden.de
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Transesophageal ultrasound

Scope

Trachea

Subcarinal
lymph node

Esophagus

p . - - o .

Transesophageal ultasund-guided fie needle aspiration of a subcarinal
lymph node. Sensitivity of 78% and specificity of 71%

Toloza et al, Chest 2003
Herth et al, Eur Respir J 2006 www.uniklinikum-dresden.de
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Transesophageal US-guided FNA

LN: Lymph node
Es: Esophagus
LA: Left Atrium

Toloza et al, Chest 2003
Herth et al, Eur Respir J 2006 www.uniklinikum-dresden.de
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Reach of staging techniques

@cUS - FNA  Mediastinoscopy — EBUS / TBNA @ Mediastinotomy (VATS)

adapted from Annema et al, JAMA 2005 niklinikum-dresden.de
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Non-invasive staging: PET-CT

Review:

I At least 17 well-documented prospective studies,
3 meta-analyses

I PET more accurate than CT (90% vs 75%)

I Correlation with CT scan improves interpretation

I More reading — see subsequent presentation

]

I = I =
Sensitivity 60% 79%
Specificity 77% 91%

Dwamena 1999, Fischer 2001, Toloza 2003

www.uniklinikum-dresden.de
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Non-invasive staging: MR

» Meta-analysis on value of MRI for staging and RT planning
= N=12 studies eligible

PET/CT per-patlent basls PET/CT per-nodal basls
Meta-analyses Sensltlvity (%) Speclficlty (36) Senslitivity (%6) Specificity (%)
LvYL 2011 76 [65-84] 88 [82-92] 65 [62-68] 95 [©4-95]
Zhao L 2012 72 [68-75] 90 [88-91] 61 [58-64] 93 [92-93]
WuY 2013 72 [65-78]*% 91 [86-94]* 78 [64-87] 90 [84-94]
Wu LM 2012 75 [68-81] 89 [85-91] - -

Peerlings et al, Radiology in press www.uniklinikum-dresden.de
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Take home messages DIE DRESDMER. i

The optimal nodal target volume determination
remains challenging......

I Extensive lymphatic drainage

I Knowledge! of the incidence of lymph node involvement in different
lymph node stations in relation to location of primary tumor

I Knowledge! of the anatomy of lymph node stations and boundaries

I Knowledge! of the TNM classification (use the same language as your
colleagues!)

I Knowledge! of the reliability of staging procedures

www.uniklinikum-dresden.de
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#__ B *ﬁ, Thank you_for
your attention!

r
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=

CncoRay — Mational Center for Radation
Research in Oncology, Dresden
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IElective nodal irradiation versus selective nodal irradiation in NSCLC
and SCLC

IProposal for nodal target volume
IPrimary tumor

ISABR

IPostoperative irradiation
I0rgans at risk

IBeyond...
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IElective nodal irradiation versus selective nodal irradiation in NSCLC
and SCLC
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Nodal stage

NO N1

e e Frae— _pDewof

NX Regional lymph nodes cannot be
assessed

NO No regional lymph node
metastasis

N1 Metastasis in ipsilateral
peribronchial and/or ipsilateral
hilar lymph nodes, and intra-
pulmonary nodes, including nodal
iInvolvement by direct extension

www.uniklinikum-dresden.de
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N2

N2 Metastasis in ipsilateral
mediastinal and/or subcarinal
lymph node(s)

* including skip metastasis
without N1 involvement

= Or associated with N1 disease

www.uniklinikum-dresden.de
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N3 Metastasis to

= contralateral mediastinal,
contralateral hilar, contralateral
scalene or supraclavicular lymph
node(s)

= ipsilateral scalene or
supraclavicular lymph node(s)

www.uniklinikum-dresden.de
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Elective versus selective nodal

irradiation in NSCLC

Importance of staging

CT 1 cm size criterion (short
axis)

PET positive lymph nodes

www.uniklinikum-dresden.de
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Elective versus selective nodal

irradiation in NSCLC

+ elective + selective
I Conventional I Toxicity
[ False negative rate on CT I Relapses mainly local
scan | and distant
I Occult micrometastases I Isolated nodal relapse 0-6%

[ Incidental dose in regional
lymph nodes

www.uniklinikum-dresden.de
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NSCLC: CT or PET?

Primary tumour right lower
lobe (blue)

Pathological lymph nodes
CT based: red
FDG-PET scan based:

www.uniklinikum-dresden.de
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NSCLC: CT or PET?

CT: Inn station 7 enlarged PET: Inn station 7 negative
cT4N2MO cT4NOMO

www.uniklinikum-dresden.de
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Selective nodal irradiation in NSCLC.: e ovesonee, L

FDG-PET-CT based!

I 44 patients NSCLC I 88 patients NSCLC

1 61.2-64.8 Gy (1.8 Gy BID) I dose-escalation study

I median FU: 16 months I median FU: 16 months

I Isolated nodal recurrence: I Isolated nodal recurrence:
1 patient (2.3%) 2 patients (2.3%)

Selective nodal irradiation based on PET-CT is safe in NSCLC

De Ruysscher et al., IJROBP 2005

Belderbos et al., IJIROBP 2006 www.uniklinikum-dresden.de
11
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iIrradiation in NSCLC

Number of LN target volume using ENI ENI dose % 1solated

Reference patients CT and/or "*FDG PET yes/no (Gy) LN failure
Graham M., et al., 1995’ 179 LN =1 cm No 8%
Kong FM., et al.. 2005% 106 LN =1 c¢m (pre<chemotherapy) No 6%
Rosenzweig K., ef al., 2001* 171 LN =1.5¢cm No - 6.4%
Senan 5., et al., 2002* 50 LN =1 cm N2 and T4NO Yes 50 0

tumors: ipsilateral hilus included

De Ruysscher D., er al., 2005' H PET + LN only No - 2 %
Belderbos 1., et al.. 2006/ 67 PET + LN only No - 3%
Rosenzweig K., er al., 2007* 524 LN =1.5 cm and in 314 patients No 6.1%

PET + LN also

| No proven benefit of ENI in NSCLC
i Selective nodal RT is recommended

Belderbos et al., IJROBP 2008

www.uniklinikum-dresden.de
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Selective nodal irradiation in NSCLC:

FDG-PET-CT based in IMRT!

Validation of concept in IMRT era
Retrospective study in N=183 NSCLC patients, median FUP 58 mths

I 61.7% suffered from recurrent disease:
[ |solated nodal recurrence in 2.2% of the patients
[ Local recurrence 11.5%, locoregional recurrence 2.7%, distant
metastases only 26.8%, combined failure 18.0%.

Selective nodal irradiation remains safe in the era of highly conformal
RT

Martinussen et al., submitted www.uniklinikum-dresden.de
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Proposal definition of nodal target e e \ e

volume in NSCLC

Tahle 1 Scheme for Defining the Mediastinal GTV for NSCLC

Nodal Diameter®

and PETt Action
<1 ecm PET +ve Include in GTV
<1 ecm PET —ve Exclude from GTV
>1 cm PET +ve Include in GTV unless repeated cytology of the
node is negative
>1 cm PET —ve Include in GTV if primary tumor is PET
and where no negative
cytology is If primary tumor shows PET uptake, exclude
available node from GTV unless cytologically positive

*Diameter in short-axis.
tUsing a dedicated PET scanner.

Senan et al., Radiother Oncol 2004 www.uniklinikum-dresden.de
14
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iIrradiation in SCLC

I Is selective nodal irradiation save in SCLC?
I If so, CT or PET based?

www.uniklinikum-dresden.de
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Selective nodal irradiation in

SCLC: CT based

I 27 patients with SCLC - Limited Disease

I Concurrent chemo-radiotherapy (30 x 1.5 Gy BID)

I Selective nodal irradiation to CT-positive nodes

I Median follow-up 18 months

I 3 patients (11%) developed isolated nodal recurrence in the ipsilateral
supraclavicular fossa

Selective nodal irradiation based on CT is possibly not safe in SCLC

De Ruysscher et al., Radiother Oncol 2006 www.uniklinikum-dresden. de
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Selective nodal irradiation in

SCLC: FDG-PET based

I 60 patients with SCLC — Limited Disease

I Concurrent chemo-radiotherapy (30 x 1.5 Gy BID)

I Selective nodal irradiation to PET-positive nodes

I Median follow-up 29 months

I 2 patients (3%) developed isolated regional
recurrence

Selective nodal irradiation based on FDG-PET seems safe in SCLC

Van Loon et al., Int J Radiat Oncol Biol Phys 2010 www.uniklinikum-dresden. de
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Interobserver variation in nodal

delineation

QR e
T AR,
e A -

— (Consensus
Different observers

Kepka et al., Radiother Oncol 2007 T
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IASCL Nodal Definitions

DIE DRESDMER.

Noflal Description Dehnition
station
#1 Low cervical, Upper border: lower margin of cricoid
(Left/Right) | supraclavicular and | cartilage
sternal notch nodes | Lower border: clavicles bilaterally and, in the
midline, the upper border of the manubrium
#L1 and #R1 limited by the midline of the
trachea.
#2 Upper paratracheal | 2R: Upper border: apex of lung and pleural
(Left/Right) | nodes space and, in the midline, the upper border of

the manubrium

Lower border: intersection of caudal margin
of innominate vein with the trachea

2L: Upper border: apex of the lung and pleu-
ral space and, in the midline, the upper bor-
der of the manubrium

Lower border: superior border of the aortic
arch

As for #4, in #2 the oncologic midline is
along the left lateral border of the trachea.

IASCL — staging manual in thoracic oncology 2009

Q(%%ﬁ;. D oo/

2R (2L
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#3

Pre-vascular and
retrotracheal nodes

3a: Prevascular

On the right

upper border: apex of chest

lower border: level of carina

anterior border: posterior aspect of sternum
posterior border: anterior border of superior
vena cava

On the left

upper border: apex of chest

lower border: level of carina

anterior border: posterior aspect of sternum
posterior border: left carotid artery

3p: Retrotracheal

upper border: apex of chest
lower border: carina

#4
(Left/Right)

Lower paratracheal

nodes

4R: includes right paratracheal nodes, and
pretracheal nodes extending to the left lateral
border of trachea

upper border: intersection of caudal margin
of innominate vein with the trachea

lower border: lower border of azygos vein
4L: includes nodes to the left of the left lateral
border of the trachea, medial to the ligamen-
fum arteriosum

upper border: upper margin of the aortic arch
lower border: upper rim of the left main
pulmonary artery

IASCL — staging manual in thoracic oncology 2009

www.uniklinikum-dresden.de
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IASCL Nodal Definitions

DIE DRESDMER.

#5 Subaortic (aorto- Subaortic lymph nodes lateral to the ligamen-
pulmonary tum arteriosum
window) upper border: the lower border of the aortic
arch
lower border: upper rim of the left main
pulmonary artery
#6 Para-aortic nodes | Lymph nodes anterior and lateral to the
(ascending aorta ascending aorta and aortic arch
or phrenic) upper border: a line tangential to the upper
border of the aortic arch
lower border: the lower border of the aortic
arch
#7 Subcarinal nodes upper border: the carina of the trachea
lower border: the upper border of the lower
lobe bronchus on the left; the lower border of
the bronchus intermedius on the right
#8 Para-esophageal Nodes lying adjacent to the wall of the
(Left/Right) | nodes (below esophagus and to the right or left of the

carina)

midline, excluding subcarinal nodes

upper border: the upper border of the lower
lobe

bronchus on the left; the lower border of the
bronchus intermedius on the right

lower border: the diaphragm

IASCL — staging manual in thoracic oncology 2009

www.uniklinikum-dresden.de
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|JASCL Nodal Definitions

#9 Pulmonary Nodes lying within the pulmonary ligament
(Left/Right) | ligament nodes upper border: the inferior pulmonary vein
lower border: the diaphragm
#10 Hilar nodes Includes nodes immediately adjacent to the
(Left/Right) mainstem bronchus and hilar vessels includ-

ing the proximal portions of the pulmonary
veins and main pulmonary artery

upper border: the lower rim of the azygos
vein on the right; upper rim of the pulmonary
artery on the left

lower border: interlobar region bilaterally

#11 Interlobar nodes Between the origin of the lobar bronchi
“#11s: between the upper lobe bronchus and
bronchus intermedius on the right

*#11i: between the middle and lower lobe
bronchi on the right

*optional sub-categories

c;.quc;qabﬁ_ Dot

IASCL — staging manual in thoracic oncology 2009 7 11U
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IPrimary tumor
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I Window-level setting:
— lung window for lung interfaces
— soft tissue window for mediastinal and hilar interfaces

soft tissue window lung window

www.uniklinikum-dresden.de
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I Window-level setting:
— fixed setting necessary

o%

Same tumor, different settings

Boellaard et al., Eur J Nucl Med Mol Imaging 2010

www.uniklinikum-dresden.de
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CT PET

I Window-level setting: I Window-level setting:

— lung window for lung — fixed setting necessary
— soft tissue window for

mediastinum

I Challenges for RT planning: I Challenges for RT planning:
— atelectasis — inflammation
— efiusion — border (low resolution)
— nodal involvement
— movements — movements

Boellaard et al., Eur J Nucl Med Mol Imaging 2010 . Lniklinikum-dresden.de
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Interobserver variability in

delineation

CT: large interobserver variation

Steenbakkers et al., Int J Radiat Biol Oncol Phys 2006 ww.niklinikum-dresden. de
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delineation

SD 10.2 mm

SD 5.2 mm

PET: reduced interobserver variation

Steenbakkers et al., Int J Radiat Biol Oncol Phys 2006

www.uniklinikum-dresden.de
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I n=70 surgical resection specimens
I quantification of microscopic extension

28 [
25 bt
sy e
20 Pl

20
18

Number of slides

Giraud et al., Int J Radiat Biol Oncol Phys 2000

16 }
19 f::
12

'aYaVYaYalaldeall aVels a e

(7 8]

3.9]

(=,10] {11,12]

(10,11]

(12.13]

»13

95% of microscopic
extension < 8 mm
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I n=70 surgical resection specimens
I quantification of microscopic extension

Number of slides

e

34 (5.8]
23] (4.5] @7

ME (mm)

Giraud et al., Int J Radiat Biol Oncol Phys 2000

728

(.91

(8.10]

(11,12]
(10,11]

=13

Sguamous cell ca
95% of microscopic
extension < 6 mm
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CTV: Imaging vs pathology

Imaging vs pathology

I patients undergoing
lobectomy

I Pre-operative imaging
— High resolution RC-CT
— (RC-)FDG-PET

I Post-operative imaging
— Macroscopy
— Microscopy

Stroom et al., Int J Radiat Biol Oncol Phys 2007

www.uniklinikum-dresden.de
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CTV: Imaging vs pathology

GTV: volume comparison CT — PET - pathology

GTVs (cm?)

Pt. No. CT PET Pathology ME, .« (mm)

6
5
9

0
3

Stroom et al., Int J Radiat Biol Oncol Phys 2007

www.uniklinikum-dresden.de
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I SABR
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Respiration-induced imaging

artifacts

I One CT scan is not sufficient to delineate the GTV

1 Motion should be taken into account:
— fluoroscopy
— slow CT
— 4D CT / midventilation CT

www.uniklinikum-dresden.de
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Respiration-induced imaging

artifacts — FDG-PET

Why respiration correlated PET-CT?
I Motion blurring — Contrast reduction!
I Different acquisition times: PET 2-5 min CT 20-50 sec

www.uniklinikum-dresden.de
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Respiration correlated FDG-PET/CT e ovsonen, \L

Consequences for GTV delineation:

I Stage | / SABR:
— Delineation on CT of all (8) phases of the respiratory cycle
— ITV generated on 3D-FDG-PET is NO surrogate!!
— Automatically segmented 4D-FDG-PET may provide additional information

I Advanced stage:
— Delineation of target volume on CT of 3 respiratory phases — i.e.,
0%/50%/100% exspiration
— FDG-PET provides additional information, e.g. Atelectasis.

Troost et al., in preparation www.uniklinikum-dresden.de
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Different SABR concepts

Conventional TV Gated at Mid-position
free breathing exhale

Maximum
exhale

Time-weighted
average position

Geometrical —— R - - - - ——— - ————————————
average position

Maximum
inhale

B etV

R

Source: Expert Rey Anticancer Ther © 2009 Expert Raviews Ltd
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IPostoperative irradiation
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Postoperative irradiation

I Possibly perform a FDG-PET-CT scan for postoperative staging and
treatment planning, especially after adjuvant chemotherapy

I Use surgical report and clips as guidance
I Include the entire surgical bed
I No uniform recommendation on lymph node levels:
I Only include the involved level?
I Or 1 adjacent level (cranially and caudally) in the presence of

extranodal spread?
I Take lymphatic drainage into account!

www.uniklinikum-dresden.de
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Organs at risk

I Joint recommendation by RTOG, EORTC, SWOG
I 3D-delination of OARs described

I Lungs, bronchial tree, brachial plexus, spinal cord, oesophagus, ribs

Kong et al., Int J Radiat Oncol Biol Phys 2011 www.Lniklinikum-dresden.de
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A: Lung Contour - Autotrack Failure (white arrows) | B: Lung Contour Variants (dashed and solid)

Kong et al., Int J Radiat Oncol Biol Phys 2011 www.uniklinikum-dresden.de
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—
Contouring Variants and Total Lung DVH Normal Lung Impact on DVH
1 1 Left Corrected 1
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C: Lung DVH differences of contouring variants D: Lung DVH differences on target consideration

Kong et al., Int J Radiat Oncol Biol Phys

2011
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Esophagus by
Dosimetrist #1

Esophagus by
Dosimetrist #2

A: Esophagus Contour Variants

Kong et al., Int J Radiat Oncol Biol Phys 2011

www.uniklinikum-dresden.de
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bronchial

Proximal ;
bronchial
tree b

Kong et al., Int J Radiat Oncol Biol Phys 2011 www.uniklinikum-dresden.de
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Brachial plexus

Superior (C5,C6)trunk, C6VB Superior (C5,C6) trunk, C7 root, C6/C7 disk

Superior (C5, C6) and middle (C7) trunks C7 | Superior (C5, C6) & C 7 trunks, C7 VB
VB

Brachial
plexus

Kong et al., Int J Radiat Oncol Biol Phys 2011 www.Lniklinikum-dresden.de


http://www.uniklinikum-dresden.de/

Universitatsklinikum Carl Gustav Carus

Content

IBeyond...
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Treatment volume adaptation

Goal: decreased NTCP, increased TCP by increased dose

I Tumor regression 0.6%-2.4% per day, high regression results in poor
outcome (in non-adenocarcinoma histology)

I Noticeable tumor regression in 40% of patients (progression in only 1%),
which was >25% in 17% of the patients in the fourth week (N=114)

I Tumor shrinkage more pronounced in concurrent as opposed to
sequential RCHT (50.1% versus 33.7%, respectively, p=0.003)

I Treatment planning studies investigating dose escalation resulted in
varying results

Sonke, Belderbos. Sem Radiat Oncol 2011

Brink, et al., Radiother Oncol 2014

Zwienen, et al. Int J Radiat Oncol Biol Phys 2008

Berkovic, et al. Acta Oncol 2015 www.uniklinikum-dresden.de
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First report on ART outcome

I N=104 (N)SCLC patients, 52 ART with PTV margin 4mm for tumor, 52
bone match with 20mm PTV margin

I Follow-up CT scans obtained 3-monthly
I Median follow-up 16 months (3-35 months), replanning 12 ART-pts

I Locoregional failure 35% ART, 53% in non-ART (p=0.05), marginal
failure in 1 versus 4 patients

I Overall survival: 10 versus 8 months

I Severe pneumonitis: 18% versus 22% (p=0.6)

Tvilum et al., Acta Oncologica 2015 www.uniklinikum-dresden.de
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FDG- versus hypoxia-PET

HX4 PET/CT FDG-PET/CT
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Radiation boost strategies

>90% of 66 Gy >90% of82.1Gy  >90% of 66 Gy > 90% of 93.1 Gy
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FLT for early response evaluation

R4

&
ta N
Everitt et al. J Nucl Med 2014
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FDG-PET predicts pneumonitis 3

Patient 1 Patient 2 Patient 3
i r “F‘j'
4 T

Petit et al. Int J Radiat Oncol Biol Phys 2011
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The optimal nodal target volume determination
remains challenging

I Selective nodal irradiation based on non-invasive techniques
(CT/PET/EUS) standard of care in many centers - seems safe also in
era of highly conformal RT techniques

I Use of IASCL nodal mapping
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Take home messages

I Reduction of interobserver variation in GTV delineation when using
combined CT and FDG-PET

I Delineation of EBRT versus SABR requires different strategies
I No consensus guidelines on postoperative target volume

I Organs at risk are gaining importance for dose-escalation or re-
irradiation
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Further reading

I Konert et al., Radiother Oncol 2015;116(1):27-34
I MacManus et al., Radiother Oncol 2009;91 (1):85-94

I Grootjans et al., Nature Reviews Clinical Oncology 2015;12:395-407
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Thank you for
your attention!
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Physics aspects of the lung case

Peter Remeijer
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The CT Iimaging problem
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CT scan of day 1
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. Selection of a single appropriate CT scan from a 4D scan

Maximum

expiration r
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Tumor trajectory
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e
Mid-ventilation example

Geometrically most representative 3D scan:

Small geometric error due to hysteresis T 3
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Image guidance
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Acquire 4D CT scan

Select mid-ventilation phase:

Element of 4D scan closest to mid-position
Optimize treatment plan on mid-ventilation

Acquire 4D CBCT

Bone match - Tumor match
Apply correction
Validate correction with 2" scan
Contact physician if

— Shift>1cm

— Anatomical changes

> Planning

} Treatment
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SBRT lung: first scan (4 min for 4D)
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SBRT lung: matched on
bone
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SBRT lung: matched on tumor
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59 Patients, 3 fractions per patient

LR CC AP

(mm) | (mm) (mm)

Residual GM 02| 0.6 -0.6

Inter- D 0.8 0.8 1.0

fraction - 11 11 12

GM 0.0 1.0 -0.9

e > 12| 1.3 1.9
fraction

1.2 1.4 1.7




59 Patients, 3 fractions per patient

LR CC AP

(mm) | (mm) (mm)

Residual GM 0.2 | 0.6 -0.6

Inter- > 0.8 0.8 1.0

fraction - 11 11 14

GM 0.0 1.0 -0.9

Intra- > 12| 1.3 1.9
fraction

1.2 1.4 1.7




Delineation uncertainties

CT + PET
0-1 4-5 mmm g-9 12-13
LOCALSD mmm | -2 5-6 9-10 13 - 14
(mm) me -3 67 10-11 === 14-15
= 34 7-8 11-12 =m > 15




|ota| margin

* Margins?
— 1TV = Full trajectory of motion
— ITV will result in large margins

— But respiratory motion can be regarded as a
random error

— Maybe margin can be smaller ©
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Total margin

Complicated formula...
M =2.55+0.84,/(c +0%) ~0.8402 % 255+ 0.7

But o is still the sum of all random errors
— Setup + organ motion = 1.5 mm
— Breathing = 0.25 * Amplitude

And 2 the sum of all systematic errors
— Setup + organ motion = 1.5 mm
— Delineation variability = 2-3 mm

Delineation largest contributor
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otal margin

—_— Mean + Bone
—_— ITV + Bone

25- TV + Tumour

Mean + Tumour

Margin [cm]

|
0 0.5 1 1.5 2 2.5

0 \ u

Tumor Amplitude [cm]

M =2.55+0.84,/(c +0%) —0.8402 # 255+ 0.7

Assures 80% isodose encompasses GTV 90% of time in lung

op ~ 6.4 mm



!onclusmns

« The mid-ventilation concept leads to smaller margins
than the ITV concept, while maintaining coverage

« Systematic baseline shifts of the target can lead to large
underdosage

« But this can be well managed with image guidance
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Lung Cancer Case

Presentation

I a58-year old male, active smoker (15 PY)

I Medical history:
polymyalgia reumatica, mesencephalon bleeding, tubular
adenomas with dysplasia
COPD Gold 1

I Clinical presentation:
ECOG performance status = 0,
no pulmonary complaints, no weight loss
clinical examination: no abnormalities

www.uniklinikum-dresden.de
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Diagnostic work-up: chest X-ray
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I Bronchoscopy: mucosal thickening left lower lobe

I Brush: non-small cell lung cancer (NOS)
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Diagnostic work-up: FDG-PET/CT "= =srnin (&
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I1'8FDG — PET — CT scan with i.v. contrast :

Tumor left lower lobe. Enlarged nodes, PET + in level 4R, 4L
and 7; enlarged node left hilar region, PET —. No distant
metastases.

IEBUS: confirmed positive lymph nodes in level 4R, 4L, 7; not in
10. Invasive adenocarcinoma, EGFR negative.

IPulmonary function tests:
FEV1 = 2,8 liter (102% of predicted)
Diffusion capacity = 76% of predicted

www.uniklinikum-dresden.de
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Therapy:
Sequential chemotherapy (3 cycles) and radiotherapy

Questions

I  Whatis the tumor stage?

I  Would you perform additional invasive procedures?

www.uniklinikum-dresden.de
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Primary tumor stage

Universitatsklinikum Carl Gustav Carus

X

Tis
T1

T1a
Tib
T2

T2a
T2b
T3

T4

PRIMARY TUMOR (T)

Primary tumor cannot be assessed

Mo evidence of primary tumor

Tis Carcinoma in sifu

Tumor =3 cm in greatest dimension, surrounded by lung or visceral pleura,
without bronchoscopic evidence of invasion more proximal than the lobar
bronchus (i.e., not in the main bronchus)*

Tumor =2 cm in greatest dimension

Tumor > 2 cm but =3 cm in greatest dimension

Tumor > 3 cm but =7 cm or tumar with any of the following features (T2 tumars
with these features are classified T2a if = 5 cm)
Involves main bronchus, =2 cm distal to the carina
Invades visceral pleura (PL1 or PL2)
Associated with atelectasis or obstructive pneumonitis that extends to the
hilar region but does not involve the entire lung

Tumor > 3 cm but =5 cm in greatest dimension

Tumor > 5 cm but =7 cm in greatest dimension

Tumor = 7 cm or one that directly invades any of the following: parietal pleural
(PL3) chest wall (including superior sulcus tumors), diaphragm, phrenic
nerve, mediastinal pleura, parietal pericardium; ar tumor in the main
bronchus (< 2 cm distal to the carina* but without involvement of the carina;
or associated atelectasis or obstructive pneumonitis of the entire lung or
separate tumor nodule(s) in the same lobe

Tumor of any size that invades any of the following: mediastinum, hean, great
vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body,
carina, separate tumor nodule(s) in a different ipsilateral lobe

* The uncommaon superficial spreading tumor of any size with its invasive component
limited to the bronchial wall, which may extend proximally to the main bronchus, |5
also classified as T1a.
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http://www.uniklinikum-dresden.de/

Universitatsklinikum Carl Gustav Carus

Lymph node stage

NX. Regional lymph nodes cannot be assessed
NO. No regional lymph node metastasis

N1. Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph
nodes and intrapulmonary nodes, including involvement by direct
extension

N2. Metastasis in ipsilateral mediastinal and/or subcarinal lymph
node(s)

N3. Metastasis in contralateral mediastinal, contralateral hilar,
ipsilateral or contralateral scalene, or supraclavicular lymph node(s)

www.uniklinikum-dresden.de
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Additional procedures:

Mediastinoscopy

Dutch guidelines:

I a mediastinoscopy needs to be performed in all
patients with a NSCLC without distant
metastases AND in whom on CT or PET there is
evidence for mediastinal lymph node invasion

I no mediastinoscopy needs to be performed if:
— primary tumor is PET + AND
— no N1 on PET AND
— tumor makes no contact with mediastinum AND
— nodes on CT are < 1 cm (short axis)
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Additional procedures: staging of oe oesout. \2,

brain

www.uniklinikum-dresden.de


http://www.uniklinikum-dresden.de/

Questions (2)

Universitatsklinikum Carl Gustav Carus
DIE DRESDMER. \\'

Would you have proposed a different approach?

Surgery?

RT alone?

Combined CT + RT ?
Sequential?
Concurrent?

CT + RT + surgery?

www.uniklinikum-dresden.de
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NSCLC - Stage IHA - N2

y
Registration

b

- L
Froven clinical stage lllA-nonsmall cell lung cancer

Cytological or histological proof of N2 disease
Uni- or bi-dimensional measurable tumour

Irresectable N2 disease

Three courses induction chemotherapy

(platinum-based)

T

¢

Response evaluation

Partial, complete response
minor response (optional)

No symptomatic central nervous system involvernent
No prior chemotherapy or radiotherapy

No other malignancies

Informed consent

!

Stable, progressive disease
(no response)

Randomisation

— T~

Surgery

Radiotherapy

l

Off study

www.uniklinikum-dresden.de
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No. of patients registered: 582
3 patients excluded because of lack of informed consent

[ No. of included patients: 579 ]

No. of patients off study: 247(43%)
- progressive or stable disease or death: 175
- toxicity or refusal: 37

- other: 35
No. of patients randomized: 332 (57%)
Stratified for type of response, histological subtype and institution
. I
(No. allocated to Radiotherapy: 165] [ No. allocated to Surgery: lG‘TJ
No. not irradiated: 11 (7%) No. not operated: 13 (8%)
- operated: 3 - irradiated: 5
- unfit for Radiotherapy: 8 - unfit for Surgery: 8
Radiotherapy: 154 (93% ] [ Surgery: 154 (92% J
[ py: 154 03%) reery: 1402 ) Overall response 61%

www.uniklinikum-dresden.de
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EORTC 08941: Overall survival

Overall Logrank test: p=0.596

O I 1 1 1 1 1 I I I 1 (monthS)
0 12 24 36 48 60 72 84 96 108 120
O N Number of patients at risk : Treatment
138 167 104 58 36 27 17 11 4 3 | —— Surgery
141 165 115 66 43 24 16 12 - 0 0 == Radiotherapy
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I Irresectable st Illa-N2: overall prognose after induction
chemotherapy+ surgery = induction chemo + radiotherapy.

I However, if induction chemotherapy leads to mediastinal down

staging and complete resection (lobectomy): surgery leads to a better
local control and prognosis than standard therapy.
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Intergroup 0139/RTOG 9309 et Gt ((£5)

stage llIA

cispl / etop + RT 45Gy - surgery -> cispl/etop x 2
vVersus

cispl / etop + RT 45Gy - RT 61 Gy - cispl / etop x 2

Inclusion criteria:
— histologically proven N2, T1-3

— potentially resectable
— operable

www.uniklinikum-dresden.de
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Intergroup 0139/RTOG 9309: OS ™™ ™

= CTIRTIS 1457202
CTRT 1951194

Logrank p=0.24
Hazard ratio = 0.87 {0.70, 1.10]}

] T 1 ]

| |
12 24 36

Months from Randomization
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Management of N2 disease

Trimodality

Candidates for trimodality
Pathologocally confirmed N2

|

Systemic survey
M1

IVIOl \

Surgically resectable ? Chemotherapy

Yes l

Induction Definitive
chemoradiotherapy chemoradiotherapy

l i M1or unresectable
Re-evaluation — " Nosurgery

: Require pnemonectomy
Resectable with Igbectomy

Consider definitive

Surgery chemoradiotherapy

Kunitoh et al., Br J Cancer 2007 www.uniklinikum-dresden.de
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I Aupérin (2010) benefit of concurrent radiochemotherapy
regarding overall survival (5.7% @ 3 yrs, 4.5% @ 5 yrs)

I Higher treatment-related toxicity
(4% seq vs 18% concurr)

I Which radiation dose would you give?
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Radiation Dose

| Internationally accepted: 60-66 Gy

[ What about RTOG 0617 results?

www.uniklinikum-dresden.de
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Q u eSti O n S (3) DIE DRESDMER. f,

[ Define and draw the GTV of the primary lung tumor on the CT taking
Into account the FDG-PET.
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i Discuss treatment of the mediastinum:;
— elective lymph node irradiation?
— Involved field irradiation?

— which lymph node areas?

www.uniklinikum-dresden.de
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QueStionS (5) DIE DRESDMER. f,

[ Define and draw the GTV of the lymph node(s) on the CT taking into
account the FDG-PET.
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QueStionS (6) DIE DRESDMER. f,

[ Did the PET information influence your determination of the nodal
GTV?

www.uniklinikum-dresden.de
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NSCLC: CT or PET?

CT: Inn station 7 enlarged PET: Inn station 7 negative
cT4N2MO cT4NOMO
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Selective nodal irradiation in NSCLC.: e ovesonee, L

FDG-PET based!

I 44 patients NSCLC I 88 patients NSCLC

1 61.2-64.8 Gy (1.8 Gy BID) I dose-escalation study

I median FU: 16 months I median FU: 16 months

I Isolated nodal recurrence: I Isolated nodal recurrence:
1 patient (2.3%) 2 patients (2.3%)

Selective nodal irradiation based on PET is safe in NSCLC

De Ruysscher et al., IJROBP 2005

Belderbos et al., IJIROBP 2006 www.uniklinikum-dresden.de
27
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[ Did the PET information influence your determination of the nodal

GTV?
— 4R:PET+
— 4L PET+
—  T7:PET+
— 10L: PET-

www.uniklinikum-dresden.de
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QueStionS (7) DIE DRESDMER. f,

I Did the EBUS information influence your determination of the nodal
GTV?
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I Did the EBUS information influence your determination of the nodal
GTV?

— 4R: PET+ and cytol+
— 4L: PET+ and cytol+
— 7: PET+ and cytol+

— 10L: PET- and cytol-

www.uniklinikum-dresden.de


http://www.uniklinikum-dresden.de/

Universitatsklinikum Carl Gustav Carus

QueStionS (8) DIE DRESDMER. f,

I Would you have defined the GTV differently in case of concurrent

chemoradiotherapy?
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I  Which margin from GTV to CTV for both the primary tumor as well as
for the lymph nodes do you use?

I Do you include additional lymph nodes in the CTV?

I  Which margin from CTV to PTV for both the primary tumor and the
lymph nodes do you use?
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Anatomy and Lymph Node Drainage.
GTV and CTV for Breast.
Delineation of OAR In breast cancer
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e Introduction

Anatomy and lymph node drainage

e Indications and CTV:
e Whole Breast
e Boost
e Chest wall
e Regional nodes
e 4,13, L2, L1, IM, Rotter

e QOrgans at risk and constraints
e Margins CTV — PTV OAR — PRV

e Conclusions
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WHEN WE CHOOSE RT TREATMENT ....

e Correct delineation of volumes
e An homogeneous coverage of PTV

* Avoiding organs at risk to reduce acute and late
complications

#” ESTRO
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VOLUME DELINEATION:
VARIABILITY!!!

Variability of target and normal structure delineation for breast-
cancer radiotherapy: a RTOG multi-institutional and multi-
observer study

: )
£ - b |

institutions/observers appear to be clinically and dosimetrically sigmificant. A systematic

consensus 15 highly desirable. particularly in the era of IMET/IGRET.

. L . ESTRO
X. Allen Li. Int. J. Radiation Oncology Biol. Phys., Vol. 73, No. 3, pp. 944-951, 2009 e School



VOLUME DELINEATION:
VARIABILITY!!!

(b)

Figure 3. Practical example of axillary delineation before and after continuing medical education (CME) and using the
simplified practical rules: “how to delineate the lymph node areas?”. (a) Before training; (b) after training.

It's very important to know the
individual anatomy of the
patients, their position and the
large variability in the depth of
nodes

The British Journal of Radiology, 82 (2009), 595-599

Anatomical, clinical and radiological delineation of target
volumes in breast cancer radiotherapy planning: individual
variability, questions and answers

P CASTRO PENA, mp, Y M KIROVA, mp, F CAMPANA, mp, R DENDALE, mp, M A BOLLET, mp,
N FOURNIER-BIDOZ, php and A FOURQUET, mMp
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BREAST ANATOMY
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BREAST ANATOMY

Level 4

ANATOMY OF THE BREAST
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BREAST ANATOMY
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BREAST ANATOMY

. Left common
Right common carotid artery

carotid artery

Right
subclavian

artery Left

subclavian
artery

Brachiocephalic
artery

coronary

L

Coronary
artery

- ESTRO

School



BREAST ANATOMY
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BREAST ANATOMY

1 pectoralis major. 2 pectoralis minor. 3 serratus anterior.

4 latissimus dorsi. 5 subscapularis. 6 mammary gland. 7 fat
#” ESTRO
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BREAST ANATOMY

Inferior portion of fused thyroid lamina

Inferior cornua of thyroid cartilage

Right lobe of thyroid gland
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Left lobe of thyroid gland
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Pocket Atlas of Normal CT
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BREAST ANATOMY
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BREAST ANATOMY
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BREAST ANATOMY
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BREAST ANATOMY
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BREAST ATLASES CAN HELP US!!

Special Report

Int. J. Radiation Oncology Biol. Phys., Vol. 61, No. 2, pp. 338364, 2005
Copyright © 2005 Elsevier Inc.
Printed in the USA. All rights reserved
0360-3016/05/§—see front matter

i

raivarnezvongevo | Cross-sectional Nodal Atlas: ELSEVIER doi: 10.1016/j.jrobp.2004.06.006
Patrick 5. F des, MD ey .
i A Tool for the Definition of
Reinhard Gahbauer, MD — .
Clinical Target Volumes in CLINICAL INVESTIGATION Breast
Indox term: _ Three-dimensional Radiation AXILLARY LYMPH NODE DOSE WITH TANGENTIAL BREAST
e s IRRADIATION

o Therapy Planning’

Lymphatic systorn, #9.12817, 859.92 . . -
Spocinl reports Danier R. Reep. D.O..* SkyLEr KarReN LinpsLey, M.D..* Gary N. Mann, M.D.,

Treatment planning, 89.92 ) " . .
Virtual three-dimensional clinical target volume definition requires the identification MAaRY AUSTIN-SEYMOUR, M.D..* TaMMY Korssioen, C.M.D..* BenjamIN O. ANDERSON, M.D.." anD

Radiology 1995 211°815-828

of areas suspected of containing microscopic disease (frequently related to nodal RoGger Moe, M.D.’
Abbreviations: stations) on a set of computed temographic (CT) images, rather than the traditional . ) o . .
CTV = clinical target volume approach based on anatomic landmarks. This atlas displays the clinically relevant *Departments of Radiation Oncology and "Surgery, University of Washington Medical Center, Scattle, WA
GTV = gross tumor volume nodal stations and their correlation with normal lymphatic pathways on a set of CT
30 = three-dimensional images.
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P"?g’:'ffa‘f"g'-“u g;gg:]elg;i;'; PURPOSE: To delineate with computed tomography (CT) the anatomic regions
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BREAST ATLASES CAN HELP US!!

SIMULACION VIRTUAL

RADIOTHERAPY

& ONCOLOGY
s e e Y
ELSEVIER Radiotherapy and Oncology 71 (2004) 287-205 —_—

—_——
www.elsevier.com/locate/radonline

RADIOTERAPIA CONFORMADA 3D
Loco-regional conformal radiotherapy of the breast: delineation of the

regional lymph node clinical target volumes in treatment position Guia practica para la delimitacion de volimenes

Ivessa M. Dijkema™™, Picter Hofman®, Cornelis P.J. Raaijmakers®, Jan J. Lagendijk®,

Jan J. Battermann®, Berend Hillen® . E
“_an{»ll,dI-.',ml--ll v A ,I!.!l

ik

“Department of Radiotherapy, University Medical Centre Utrecht, Heidelberglaan 100, 3584 CX Utrecht, The Netherlands
"Department of Functional Anatomy, University Medical Centre Utrecht, Heidelberglaan 100, 3584 CX Utrecht, The Netherlands

Received 22 January 2003; received in revised form 14 February 2004; accepted 26 February 2004

CAPITULO 10
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2 O O 4 Sonsoles Sancho, Angel Montero, Sofia Gérdoba

The British Journal of Radiology, 83 (2010), 683-686
Simplified rules for everyday delineation of lymph node areas for
breast cancer radiotherapy
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BREAST ATLASES CAN HELP US!!

Original article

A simplified CT-based definition of the supraclavicular and infraclavicular nodal Nodes
volumes in breast cancer

Régles de délinéation simplifiées des volumes ganglionnaires sus- et sous-claviculaires dans le
traitement des cancers du sein

I. Atean®*P Y. Pointreau®¢, L. Ouldamer<9, C. Monghal®, A. Bougnoux?, G. Bera?, I. Barillot2:€

Cancer/Radiothérapie 17 (2013) 39-43 20 13

Acta Oncologica, 2013; 52: 703-710 informa

i eebgie, S realincare Breast and
Nodes

ORIGINAL ARTICLE: ACTA ONCOLOGICA JUBILEE ARTICLE

Delineation of target volumes and organs at risk in adjuvant D B CG
radiotherapy of early breast cancer: National guidelines and
contouring atlas by the Danish Breast Cancer Cooperative Group

2013

METTE H. NIELSEN!, MARTIN BERG?, ANDERS N. PEDERSEN?, KAREN ANDERSEN¢,
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BREAST ATLASES CAN HELP USI!

Breast Cancer Atlas for Radiation Breast and
Therapy Planning:
Consensus Definitions

RTOG Nodes

2015

Tntermational Journal of
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biology e physics

BRIEF REPORT

RTOG Chest Wall Contouring Guidelines @mm
for Post-Mastectomy Radiation Therapy:

Is It Evidence-Based?

John A. Vargo, MD, and Sushil Beriwal, MD

Department of Radiation Oncology, University of Pittsburgh Cancer Institute, Pittsburgh,
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Volumes can be treated with RT

e Whole breast. Boost to lumpectomy. Partial Breast irradiation
e Chest wall
e Regional Nodes:
e |4 (SC), L3, L2, L1
e Internal Mammary (IM)
e Rotter Nodes

! B
Fig. 3. Digitally reconstructed radiograph (DRR) of CT-images with
regional LN CTVs (except for the interpectoral LN CTV) (CT-images from ES I RO
same patient as in Fig. 2).

School







e Introduction

e Indications and CTV:
e Whole Breast
e Boost
e Chest wall
e Regional nodes
e |L4,L3, L2, L1, IM, Rotter

e Organs at risk and constraints
e Margins CTV — PTV OAR — PRV

e Conclusions
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BREAST CTV: INDICATIONS

e RT after breast conserving surgery is indicated for
“all” cases

e Conserving surgery and RT Is equivalent to a
mastectomy in terms of DFS in stages |-l

e The aim Is: . l

« { local relapse A

« T DFS
 Minimum side effects (lung, heart, skin)
e (Good cosmetic results

#” ESTRO
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Effect of radiotherapy after breast-conserving surgery on

10-year recurrence and 15-year breast cancer death:

. .« yes . Lancet 2011; 378: 1707-16
meta-analysis of individual patient data for10 801 women
il@ndomised tri@

Early Breast Cancer Trialists” Collaborative Group (EBCTCG)*
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BREAST CTV

After conserving surgery, CTV of the entire
breast should be considered (unless the patient
IS a candidate for partial breast irradiation)

It may be useful to mark the scar

It may be useful to mark lateral, lower and
upper limits

Volume  between
the pectoralis major
and 5 mm below
the skin




Cranial

Chinical
Reference
I Second
11b
insertion®

Residual
breast
CTVp_breast

Upper border
of palpable/
visible breast
tissue;
maximally up

Maximal to the
caudal edge of
the sterno-
clavicular-
junction

DBCG

to the inferior
edge of the
sterno-
clavicular
joint

The cranial boundary is highly variable
and depends on the size of the breast

and its ptosis




Caudal )
_ Most caudal The intermammary

CT slice with sulcus

Clinical visible breast
reference +

loss of CT
apparent
breast
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Anterior

5 mm under

skin surface

5 mm below the
skin

4

The Skin

Creating an automatic internal contour can

be helpful

& ESTRO
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Major Some authors recommend including part of the pectoralis major because
pectoral sometimes there are deep extensions of the breast parenchyma that
muscle or penetrate the surface portion of it

B¢ Lils oMl | costae and
el (A | intercostal
muscles, muscles

chestwall where no
muscles, ribs JEra e

M. pectoralis
major

& ESTRO
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Clinical
Reference +
mid axillary

line typically,
excludes
latissimus

(Lat.) dorsi m.
b

Lateral breast
fold; anterior
to the lateral
thoracic
artery

The axillary
vessels
(branches from
the lateral

thoracic vessel)

The lateral boundary is highly variable and it depends
on the size of the breast and its ptosis
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_ 2016
Letter to the Editor

Contents lists available at ScienceDirect

Radiotherapy and Oncology

ESTRO consensus guideline on target volume journal home page: www.thegreenjournal.com
delineation for elective radiation therapy of
early stage breast cancer, version 1.17

Lateral border of CTVp_breast

The thoracic vessels at the lateral border of the breast can be a
helpful guide to define the lateral border of the CTVp_breast. How-
ever, It i1s not always necessary to delineate the CTVp_breast that
far lateral. In patients with clearly visible glandular breast tissue,

I 1s recommended © include the glandular tssue and not neces-

sarily extend the volume lateral upto the thoracic vessels (Fig 1C).

®  ESTRO
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Medial Lateral to the | | Maximal
medial to the
perforating ipsilateral
mammarian edge of

) sternum

Sternal- vessels:

b maximally to
junction © e ecse of
] L the sternal
bone
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e Introduction

e Indications and CTV:
e Whole Breast
e Boost
e Chest wall
e Regional nodes
e |L4,L3, L2, L1, IM, Rotter

e Organs at risk and constraints
e Margins CTV — PTV OAR — PRV

e Conclusions
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BOOST CTV: INDICATIONS

Boost treatment to the tumour bed reduces local
relapse at all ages, but it has no impact on the OS

2 randomized trials confirm this:

Lyon trial
EORTC trial

_# ESTRO

7\ School
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BOOST CTV

|t might be useful to mark the scar

o Surgical clips

* |Imaging studies before surgery (Mx, MRI ..)

 Seroma or surgical clips should be included when they are
present

Oncoplastic surgery??? (Surgical clips!)

#” ESTRO
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BOOST CTV

USE OF PRE-OPERATIVE CT IN COMBINATION WITH
SURGICAL CLIPS IMPROVES LOCALIZATION OF THE
TUMOUR BED

Good communication is ESSENTIAL between radiation
oncologists, surgeons, pathologists and radiologists and
could help to reduce interobserver differences

#” ESTRO
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BOOST CTV

Multiinstitutional study on target volume delineation variation in breast
radiotherapy in the presence of guidelines

Anke M. van Mourik, Paula HM. Elkhuizen, Danny Minkema, Joop C. Duppen,
On behalf of the Dutch Young Boost Study Group', Corine van Vliet-Vroegindeweij *

The Netherdands Cancer Insdners, Amstendam, The Netherlands

Radiotherapy and Oncology 94 (2010) 286-291

Guo et al. Radiation Oncology (2015) 10:66

DOl 10.1186/513014-015-0370-3 . RADIAT'ON
ONCOLOGY
RESEARCH Open Access

Interobserver variability in the delineation of the
tumour bed using seroma and surgical clips
based on 4DCT scan for external-beam partial
breast irradiation

Bing Guo'~, Jianbin Li'", Wei Wang', Min Xu', Qian Shao', Yingjie Zhang', Chaogian Liang' and Yanluan Guo™

Conclusions: When the SCS was 3 ~ 5 points and the number of surgical clips erobserver variability was . ESTRO
minimal for the delineation of the tumour bed based on seroma. . School
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BOOST CTV

Radiotherapy and Oncology 106 (2013) 231-235

Contents lists available at SciVerse ScienceDirect

Radiotherapy

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

10) 282491

Tumor localization and dose planning

Tumour bed delineation for partial breast/breast boost radiotherapy:
What is the optimal number of implanted markers?

Anna M. Kirby * Rajesh Jena®, Emma ]. Harris €, Phil M. Evans ¢, Clare Crowley?, Deborah L. Gregory®,
Charlotte E. Coles®

*Royal Marsden NHS Foundation Trust, Sutton; hCumbru!ge University Hospitals NHS Foundation Trust; “Institute of Cancer Research, Sutton, UK

e They compare tumor bed volumes delineated using 6, 5, 1 and O clips.
. implanted markers (one deep and
dequate assuming the addition o

margin.

d four radial
f a standard 10-

H\_/

5 mm boost CTV
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‘ ScShocl}o



BOOST CTV

Radiotherapy and Oncology 103 (2012) 178-182

Reducing interobserver variation of boost-CTV delineation in breast conserving
radiation therapy using a pre-operative CT and delineation guidelines™

Liesbeth J. Boersma®*!, Tomas Janssen ™!, Paula H.M. Elkhuizen®, Philip Poortmans 9,
Maurice van der Sangen €, Astrid N. Scholten®, Bianca Hanbeukers 2, Joop C. Duppen ®,

Coen Hurkmans€, Corine van Vliet P

Conclusion: Use of a Preop-CT in BCT results in a modest but statistically significant reduction in interob-
server variation of the boost-CTV delineations and in a significant reduction in the boost-CTV volume.

den Hartogh et al Rodiation Oncalogy 2014, 9:63

hittp://mww.ro-journal.com/content/9/1 /63 R A D IATI O N
ONCOLOGY

RESEARCH Open Access

MDRI anA T imacin~ fAar mranna
IVild arniu « i ||||q‘:,|||9 Ul pIcupc

volume delineation in breast-conserving therapy

Mariska D den Hartogh'", Marielle EP Philippens’, Iris E van Dam’, Catharina E Kleynen', Robbert JHA Tersteeg’,
Ruud M Piindppelj, Alexis NTJ Kotte', Helena M ‘v‘ericooijenu, Maurice AAJ van den Bosch“, Marco van ‘v’ulper‘.‘,
Bram van Asselen' and HJG Desirée van den Bongard'
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e Introduction

e Indications and CTV:
e Whole Breast
e Boost
e Chest wall
e Regional nodes
e |L4,L3, L2, L1, IM, Rotter

e Organs at risk and constraints

e Margins CTV — PTV OAR — PRV

e Conclusions
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CHEST WALL AND LYMPH NODES RT.
INDICATIONS

— Tumours > 5 cm (T3) RT chest wall + L4-L3

— Invasion of the skin or chest wall (T4) RT chest wall + L4-L3

— Positive margins RT chest wall +/- L4-L3

— Chest wall recurrence RT chest wall + L4-L3

— Positive nodes RT chest wall + L4-L3

— No or inadequate lymphadenectomy (< 6-10 nodes) RT chest wall + L4-L3
— SN (+) (Macrometastases) without lymphadenectomy R7T chest wall + L4-L3

_# ESTRO
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Effect of radiotherapy after mastectomy and axillary surgery

on 10-year recurrence and 20-year breast cancer mortality:
meta- is-of individual patient data fof8135 women)in Lancet 2014; 383 212735
2 randomised trials

FBCTCG (Eady Breast Cancer Trialists” Collaborative Group)*

700 pNOwomen with Mast+AD
B Anyfirst recurrence

100

G0

8o 10-vear loss1-3% (SE 3-3)

%)

B0
50—

40

Ary st mecur e

30
20 15-5
=

10— //’_3]

0 T

RR 1-06 (95% Cl 0-76-1-48)
707 log-rank 2p=0-1; M5

AT

224%
No AT
21-1%

3131 pN+women with Mast+AD

E Amy first recurrence

100—

10-year gain 10-6% (5E 2.0)
RR 075 (05% O 0-67-0-83)
I ranik 2p=c0- 00001

T T T
10 15 20
ears

it ality (%)

Briea

C
100

Breast cancer mortality

| F0o-yearloss 2-3% (SE 3-6)

RR 1-18 {95% Cl 0-Bo-1.55)
log-rank Jpe0-1; NS

RT
55 B el
18.4 - Wo AT
, 266

F Breast cancer mortality
10—
g,:l_
E-':l_
70 ) MaRT
Sli?. — 7
i -
sl
501 {:" 554
o /4 o
30 M3z
20 J0-year gain 8-1% (%E 2-0)
1o RR 0-24 (95% (1076-0-04)
log-rank 2p=0-001
o T T T T
0 5 10 15 il

fears

Reduces recurrence
(Node (-) (700 pts)
(Node (+) (3131 pts)

e 10 year gain 1.3% (N-) and
10.6% (N+)

Reduces breast cancer
mortality

e 20 year gain 2.2% (N-) and
8.1% (N+)

ONE BREAST CANCER DEATH IS
AVOIDED FOR EVERY FOUR
LOCAL RECURRENCES AVOIDED
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CHEST WALL CTV

It might be useful to mark the scar

It might be useful to mark the medial, lateral and
inferior limit (reference: contralateral breast)

Include all the scar whenever possible

& ESTRO
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— —

Craneal

Caudal
border of
the
clavicle
head

Guided by
palpable/visible
signs; if
appropriate
guided by the
contralateral
breast; maximally
up to the inferior
edge of the
sterno-clavicular
joint

Egual to a CTV-breast guided by the contralateral breast

& ESTRO
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Caudal

Clinical
referencet
loss of CT

apparent

contralateral
breast

Guided by
palpable/visible
signs; if
appropriate
guided by the
contralateral
breast

# ESTRO



5 mm under skin

surface

In case of a thin thoracic wall, omission of the first 5 mm
under the skin may result in no CTV at all. In that case,
the CTV should be extended into the skin and a bolus

should be used

#” ESTRO
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Posterior
Rib-pleural
mterface.
(Includes
pectoralis
muscles,
chestwall
muscles, ribs)

The deep fascia and the pectoralis are anatomical barriers.

Major pectoral
muscle or costae
and intercostal
muscles where no
muscle

®  ESTRO
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RTOG published some studies about RTOG atlas in
September 2015 Red Journal

Raclntlon Oncolog\ ﬂ Anterior Chest W'Eﬂl

biology e physics Skin and subofaneous Hssue

www.redjournal.org

*Harvard (n=17) = 100%

BRIEF REPORT

IMDACC (n=60) = 93% - Pectoralis Minor

RTOG Chest Wall Contouring Guidelines ) o issourt (ne126) - 021
for Post-Mastectomy Radiation Therapy: 4— Intercostals
Is It Evidence-Based? *Brvn Mawr (n-16F < — Ribs

R

John A. Vargo, MD, and Sushil Beriwal, MD
Pectoralis Major

Department of Radiation Oncology, University of Pittsburgh Cancer Institute, Pittsburgh, 'MDACC (n=32)*
Pennsylvania

o

Received Aug 12, 2014, and in revised form Feb 2, 2015, Accepted for publication Mar 2, 2015.

They recommend changing posterior boundary of chest wall CTV:
Subcutaneous tissue and pectoralis musculature may be warranted.

~~

nuscles.

Not including ribs and intercostal
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Medial

Sternal-
nb

junction b

Lateral
Clinical
Reference/
mid axillary
line typically,
excludes

lattismus dorsi

m d

Guided by
palpable/visible
signs; if
appropriate
guided by the
contralateral
breast

Guided by
palpable/visible
signs; if
appropriate
guided by the
contralateral
breast. Usually
anterior to the

mid-axillary line
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CTV: CONSERVATIVE SURGERY AFTER
PRIMARY SYSTEMIC TREATMENT

Posterior

- Excludes

. pectoralis
muscles,

. chestwall
muscles, ribs

Only one

. Includes
difference | pectoralis

-~ muscles,
. chestwall
. muscles, nbs




e Introduction

e Indications and CTV:
e Whole Breast
e Boost
e Chest wall
 Regional nodes
e L4,L3,L2 L1, IM, Rotter

e Organs at risk and constraints
e Margins CTV — PTV OAR — PRV

e Conclusions
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REGIONAL NODES

L4: or supraclavicular

L3 or infraclavicular: above pectoral muscles
L2: posterior to pectoralis minor

L1: caudally to pectoralis major

M

Rotter: between pectoralis major and minor

A lymph node is typically a 5 mm margin

around the veins

B

{
iJ‘
/

® a_caro_communis
® a_thoracic_int

® m_scalenius_ant
@ v_jugu_interna

® CTVn_intpect

O CTVn_L1

® CTvn_L2

3 CTvn_L3

® CTvn_L4

§ With

he arm raised,

J '.(. d

L1 lymph

-

= nodes may appear in the same CT

| slice as L2 and L3

- nivel 2 -

- nivel 1

.
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CTV L4-L3: INDICATIONS

— Tumours > 5 cm (T3)

— Invasion of the skin or chest wall (T4)

— Positive nodes

— No or inadequate lymphadenectomy (< 6-10 nodes)
— SN (+) (Macrometastases) without lymphadenectomy

#” ESTRO
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CTV L4-L3: 1-3 N+: INDICATIONS

The results are PENDING for these randomized trials :

« RTOG 9915 (SWOG)

. EORTC (SUPREMO - Selective Use of Postoperative Radiotherapy After Mastectomy): In
this trial, apart from randomize 1-3 N(+) patients, pT2 pNO with grade 3 and/or
vasculo-lymphatic invasion were also randomized.

« NCICTG

. French study

EBCTG META-ANALYSIS: POSITIVE RESULTS OF SURVIVAL 1-3 N+

1314 pN1-3 women with Mast+AD

A Locoregional recurrence first B Any first recurrence C Breast cancer mortality
100 100 — 100+
g0 losg- rank 2 pecO-00001 0 10-wear gain 11-5% (5E 2-9) g0 20-year gain 7-9% (5E 31)
RR 0-68 (95% 01 0-57-0-82) RR 0-80 (35% 0l 0-67-0-95)
Eo-] 804 log-rank 2p=0-00006 804 log-rank 2p=0-01
£ 70 F 70 < 70
= = =
2 60— 2 GO E 60
T 50 7 504 NoRT g 50
3 = e s
& 40— < 40—+ 350 BT I 404
c e 3 2
30 < 304 / 1342% Z 30-
g )
= 204 65 wegioRl w- /4248 20
¥ . O
10— 10+ 104
28 RT 11 5 /0
e Ee———E 3.0 .
0 T T T 1 o T T T T a
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Postmastectomy radiation in breast cancer with one to three
involved lymph nodes: ending the debate

Philip Poortmans

www.thelancet.com Vol 383 June 21, 2014 Department of Radiation Oncology, Institute Verbeeten, Tilburg,
LA 5000, Netherlands

poortmans.ph@bvi.nl

The results of this EBCTCG meta-analysis clearly
confirm that postmastectomy radiotherapy should

be considered equally for patients with one to three
involved axillary lymph nodes as it should be for

patients with four or more affected axillary lymph
nodes. The same considerations concerning regional

radiotherapy also seem to be valid for patients treated

with breast-conserving therapy.*” Here, the addition of
regional radiotherapy to whole breast irradiation adds
less to the burden of treatment to the patient, on the

condition that long-term toxic effects can be avoided

with modern radiotherapy techniques. . "ESTRO
v School




Cranial Caudal Anterior Posterior Lateral Medial

, : : . Cranial: laferal
Junctionof ! i '

Sternocleido ! :
S ) Caudal to brachioceph.- ) . Anterior aspect | edge of SCM i Excludes
upra- S . . mastoid ; m. : :
lavicul the cricoid axillary vns./ (SCM) . of the scalene Caudal . thyroid and
4 . ‘ ‘ : anu . ‘
clavicular | cartilage caudal edge ' m. L trachea

. junction 1% rib- !

clavicle head # :
clavicle

muscle (m.)

Lymph node level 4 Includes the cranial Includes the sternocleidomastoid Includes the anterior  Including the jugular
CTVn_L4 extent of the subclavian vein with o Pleura scalene muscles and  vein without margin;
s " B - muscle, dorsal edge e e S
subclavian artery 5 mm margin, thus connects to the excluding the

P . i . of the clavicle edial border of I
(i.e. 5 mm cranial of connecting to the medial border of thyroid gland and

. . . L CTVn_L3 the common carotid
subclavian vein) cranial border of artery
CTVn_IMN '

CRANIAL CRANIAL

& ESTRO
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Cramial iCaud al Anterior Posterior Lateral headial
Lewel 1V Cranial edge of the subclavian 5 mm caudal of the *Cranially: *Cranially: "Cranially: The medial edge of the
CTWn_L4 A arch Junction of the dorsal surface  wventral edge of lateral imternal jugular wein,
subclavian and the of the SCM the subclavian border of the without any margn
imtermal jugular wein  *Cawdally: the arteny anterior medially, excluding the
infrahoyoid "Cavdally: lung s alene me carotid A. and thyroid gland
muscle (strap "Cawdally:
muscles] and Joiming
clavicle CTVm_ L3,
excluding
. . the
DBCG guidelines .
Lymph node level 4 ncludes the cranial Includes the T T Includes the anterior  Including the jugular
CIVn_L4 e ) B T subclavian vein with muscle, dorsal edge Pleura scalene muscles and  wvein w‘ithnut margin;
belavian arte 5 mm margin, thus . connects to the excluding the
=L y . ' of the clavicle medial border of thyroid gland and
(ie. 5 mm cranial of connecting to the CTvVn_L3 the common carotid
subclavian vein) cranial border of artery
PROCAB guidelines CIVn_IMN

Ledt comman
canibid ameny

Right commaon

subclavian

atery Len

subclayian
astery

Brachiocephalic
anlery

Flg. 2. The cranial border of level 4 or the supraclavicular region “Subclavian artery anch. *Axillary artery and vein
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Supra-

clavicular

Lymph node level 4
CTVn_L4

Periclavicular

Cranial

Caudal to
the cricoid
cartilage

Includes the cranial Includes the

extent of the
subclavian artery

Caudal

Junction of
brachioceph.-
axillary vns./

caudal edge

clavicle head #

subclavian vein with
5 mm margin, thus

(i.e. 5 mm cranial of connecting to the

subclavian vein)

Caudal edge of
cricoid
cartilage

cranial border of
CTVn_IMN

Cranial border of
level IT and III
(lateral). Cranial
edge of the
sterno-clavicular-
junction (medial)

Anterior

Sternocleido
mastoid
(SCM)

muscle (m.)

Sternocleidomastoid
muscle, dorsal edge
of the clavicle

Dorsal surface of m.
sternomastoideus,
dorsal surface of
clavicle, 5 mm
below skin

. Anterior aspect

Posterior Lateral

.

Caudal:
. Junction 1% nb

of the scalene
m.

clavicle

Includes the anterior

scalene muscles and
connects to the
medial border of
CTVn_L3

Pleura

In front of the

clavicle, behind
a. carotis
interna, in front
of m. scalenus
ant, m. scalenus
med, m.
omo-hyoideus

Medial edge of
m. pectoralis
minor, clavicle

and m. levator
scapulae

CAUDAL

Medial

i Excludes
. thyroid and
. trachea

Including the jugular
vein without margin;
excluding the
thyroid gland and
the common carotid
artery

Medial edge of
a. carotis
interna and
v. jugularis
interna
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Letter to the Editor 2016

Radiotherapy and Oncology sxx {2016) 2x-xxx

Contents lists available at ScienceDirect

Radiotherapy and Oncology

ESTRO consensus Tuideline on target volume
delineation for elective radiation therapy of '
early stage breast cancer, version 1.17

Caudal part of CTVn_L4

In the consensus guideline a link is given to an atlas with

patients treated for left-sided and right-sided breast cancer, Fig. 1A. ClVi L& including fhe Subclavian artery highlishted in red. (For interpre.
o 0 ! & T Lnl_ru.u.l LH.ILI our in this figure legend, the reader is referred to the
respectively. In both cases the caudal border of CTVn_L4 has now web version of this artide,)

been modihed a few slices more caudal to fully include the Subcla-
vian vein, which is posidoned caudal and veniral to the Subclavian
artery (Figs. 1A and 1B). New links are provided to the corrected
arlases (links. ..).

Ag. 1B. CTVn_L4 including the Subdawvian vein highlighted in blue (positoned
slightly more caudal and ventral to the Subclavian artery ). (For interpretation of the
references to colour in this fgure legend, the reader is referred to the web version

| # ESTRO

School




Supra-
clavicular

Lymph node level 4
CTVn_L4

Cranial

Caudal to
the cricoid
cartilage

Includes the cranial
extent of the
subclavian artery

Caudal

Junction of
brachioceph.-
axillary vns./

caudal edge

clavicle head *

Includes the

subclavian vein with

5 mm margin, thus

(i.e. 5 mm cranial of connecting to the

subclavian vein)

cranial border of
CTVn_IMN

Anterior

. Sternocleido
mastoid
(SCM)

muscle (m.)

Sternocleidomastoid
muscle, dorsal edge
of the clavicle

Posterior

. Anterior aspect

of the scalene
m.

Pleura

Lateral

m

Caudal:

. junction 1* nb- :

clavicle

Includes the anterior
scalene muscles and
connects to the
medial border of
CTvn_L3

Medial

i Excludes
. thyroid and
. trachea

Including the jugular
1 1 u 1

excluding the
thyroid gland and

the common carotid
artery_

Periclavicular

Caudal edge of
cricoid
cartilage

Cranial border of
level IT and III
(lateral). Cranial
edge of the
sterno-clavicular-
junction (medial)

Dorsal surface of m.
sternomastoideus,
dorsal surface of
clavicle, 5 mm
below skin

In front of the

clavicle, behind
a. carotis
interna, in front
of m. scalenus
ant, m. scalenus
med, m.
omo-hyoideus
and m. levator
scapulae

Medial edge of
m. pectoralis
minor, clavicle

Medial edge of
a. carotis
interna and
v. jugularis
interna

ESTRO
School



Delineation of CTVn_L4 - supraclavicular lymph node area

. Internal jugular vein
Common carotid artery JU9

v Superior border: subclavian Sternocleidom. muscle

artery (+ 5 mm)
v Ventral border: sternocleido
muscle
"% v Medial border: glandula
thyroidea; between carotid
artery and jugular vein (no

margin) S g =
v’ Lateral border- dorso-lateral S | '
border: anterior scalene h
muscle - - .
" v Dorso-medial border: carotid = v ESEREWTron
artery excluded . - =M TRO clini




Cranial

Pec. Minor
m. insert on :

m-mgLweiLe

CORACOID

Axilla level 3
CTVn_L3

Includes the
cranial
extent of the
subclavian
artery (i.e.

5 mm cranial
of subclavian
vein)

Caudal

Axillary vessels

cross medial
edge of Pec.
Minor m. d.

5 mm caudal
to the
subclavian
vein. If
appropriate;
top of
surgical

Anterior

Posterior

surface Pec.

Major m.

Major
pectoral
muscle

Posterior

Ribs and
intercostal
muscles

Up to 5 mm
dorsal of
subclavian
vein or to
costae and
intercostal
muscles

-

Lateral

Medial
border of
Pec. Minor
m.

Medial side
of the minor
pectoral
muscle

Medial

Thoracic
inlet

Junction of
subclavian
and internal
jugular veins
- >level 4

RANIAL




DCBG guidelines for delineation of CTV of breast and CTVs of the regional lymph node regions

LN region cranial caudal ventral dorsal lateral medial
Level III 5 mm cranial to 1 cm caudal to the Dorsal surface of Chest wall, 5 mm Medial border Clavicle
the axillary axillary vessels m. pectoralis dorsal of the of m.
vessels major axillary and pectoralis
c - subclavian minor
DBCG guidelines vessels
Level 1l of the axilla When the subclavian A exits 5 mm below the Posterior Ribs and Medial Clavicle and/or lateral
CTVn_L3 the thorax (crosses the vertical  axillary vein when it surface of the  intercostal border of the  border of CTVn_ L4
line between the claviclke and crosses the medial pectoralis muscles. Try to pectoralis
the first ib) and becomes the border of the major m. and  exclude the mdnor m.
] ] awillary A pectaralis minor m. the clavicle brachial plesxus if
PROCAB guidelines visible




Cranial Caudal Anterior Posterior Lateral Medial

. 5 ~ : : . ; i E Medial

Pec. Minor : Axillary vessels | pogiarior Ribs and 5 . .

m. insert on . CTOSS medial surface Pec. | intercostal | border of : Thoracic
P . edgeofPec. T . Pec. Minor ; inlet

Minor m. & Major m. ; muscles i n

m-mgLweiLe

CORACOID

Axilla level 3 Includes the 5 mm caudal Major Up to 5 mm Medial side [T S
CTVn L3 cranial _ to the m_ dorsal ':TT of the minor Subdavian
extent of the subclavian musde Subcknnmn pectoral and internal
subclavian vein. If s e jugular veins
artery (i.e. appropriate: costae and ! i].. el 2
5 mm cranial top of intercostal - rleveld
of subclavian surgical muscles
vein) ALND

CRANIAL
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CTV L2-L1: INDICATIONS

- No or inadequate lymphadenectomy (L) RT L4-L3-L2-L1
- Bulky nodal disease

- SN (+) (Macrometastases) without lymphadenectomy

AMAROS Trial (EORTC) (Adjuvant Management of the Axilla
Radiotherapy of Surgery) is comparing L vs axillary RT with SN (+).

RT L4-L3-L2-L1
(Micrometastases: no RT)

AMAROS Donker 2014 Lancet Oncol

Including 4800 patients demonstrated that axillary RT is as effective
as axillary surgery with less morbidity at 5 year follow-up.

#” ESTRO
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Cranial Caudal Anterior Posterior Lateral Medial
Axillary i r T .ateral Medial
A ) 11 vessels cross Axillary vessels Anterior Ribs and
x1ia- medial edge cross lateral surface Pec intercostal border of border of
" . : d fpP . - - 3
level 11 of Pec. Minor | edge o EE Minor m muscles Pec. Minor Pec. Minor
- Minor m. - m. m.

Axilla level 2
CTVn_L2

m.

Includes the
cranial
extent of the
axillary
artery (l.e.

5 mm cranial
of axillary
vein)

The caudal
border of the
minor
pectoral
muscle.

If
appropriate:
top of
surgical

Minor
pectoral
muscle

Up to S5mm
dorsal of
axillary vein
or o costae
and
intercostal
muscles

Lateral edge
of minor
pectoral
muscle

Medial edge
of minor
pectoral
muscle

CRANIAL




DCBG guidelines for delineation of CTV of breast and CTVs of the regional lymph node regions

LN region cranial caudal ventral dorsal lateral medial
Level II 5 mm cranial to  Caudal edge of Dorsal surface of Chest wall, 5 mm Lateral border of Medial border
the axillary m. pectoralis m. pectoralis dorsal of the m. pectoralis of m.
vessels minor minor axillary vessels minor pectoralis
minor
DBCG guidelines
YETEE
Level 1l of the axlla When the axillary A croses 5 mm below the Dorsal surface  Ribs and Lateral Medial border of the
CTVn_L2 the medial edge of the axillary wein when it of the imte poost al border of the pectoralis minor m.
pectoralis mdnor m crosses the lateral pectoralis miuscles pectoralis
border of the m inor me N or m
pectoralis minor m.

PROCAB guidelines
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Cranial Caudal Anterior Posterior Lateral Medial
1‘_‘;5’;1;?‘;33 Pectoralis Pliaﬂe defined Anterior Medial Lateral
= : ¢ . by: anterior _ _ :
Axilla lateral edge of ! (Pec,l) H.JHJD; . surface of Pec. sburfacelﬂf. . border of Iat. : IP 0rde1' of
- - o IMscie imse Z . subpscapuiaris - ) : ec. minor
Level 1 Pec. Minor m. . . Maj. m. and P dorsi m.
into ribs m. m.

Axilla level 1
CI'Vn_L1

Medial: 5 mm cranial
to the axillary vein
Lateral: max up to

1 cm below the edge
of the humeral head,
5 mm around the
axillary vein

Lat. Dorsi m.

To the level of rib 4 -

5, taking also into
account the visible
effects of the sentinel
lymph node biopsy

Pectoralis major &
minor muscles

Cranially up to the
thoraco-dorsal
vessels, and more
caudally up to an
imaginary line
between the anterior
edge of the
latissimus dorsi
muscle and the
intercostal muscles

Cranially up to an
imaginary line
between the major
pectoral and deltoid
muscles, and further
caudal up to a line
between the major
pectoral and
latissimus dorsi
muscles

Level 2, the
interpectoral level
and the thoracic wall
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Letter to the Editor 2016

Radiotherapy and Oncology s { 2016) %x—xx

Contents lists available at ScienceDirect

Radiotherapy and Oncology

ESTRO consensus guideline on target volume
delineation for elective radiation therapy of
early stage breast cancer, version 1.1 "’

journal homepage: www.thegreenjournal.com

Dose to CTVn_L1

In the consensus guideline a planning risk volume (PRV) around
the humeral head is advised to help dose planning so that the
resulting field edge (i.e. the 50% isodose line) follows the humeral By 30 Ponjo o ek e b petient Trhese O A1 . dnchelded T e R
head. This may cause a need for compromise on dose coverage of
the lateral part of CTVn_L1 and sometimes also of CTVn_LZ, which

viously used, which can be avoided by defining the PRV around the
humeral head. Fig 1D illustrates suggestons for RI planning

Fig. 1E. Position of field edge in a patient where CTVn_L1 is included in the RT
fields with a compromise o shield the humeral head.

@ ESTRO
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DCBG guidelines for delineation of CTV of breast and CTVs of the regional lymph node regions

LN region cranial caudal ventral dorsal lateral medial
Level I 1 cm below Free edge of 5 mm below the M. latissimus Maximal to 5 CTV-breast,
caput humeri m. pectoralis skin dorsi, mm below the lateral
major including 5 mm dorsal of skin border
seroma the axillary of m.
vessels pectoralis
DBCG guidez'z'nes minor, m.
biceps
brachii
Lewel | of The top of the adllary arery Around 4 th- Mot external to the ‘imagnany” line Lateral border of  Up to the “imaginary line' connecting
i hie where it crosses the lateral edge  Sth rib and betwreen the anterior surface of the pecioralis the anterior border of the
axilla of the pectoralis minor muscle or  guided by the pectoralis major muscle and latere-  major and minor  subscapular m and the anterior
CT¥n_L1 5 mm abowve the axillary wein, clips amd)or anterior border of the deltoid muscle  mupscle and the border of the deltoid or latissimus
including clips and seroma sroma if (cramially] and the latissimus dorsi thomcic wall dorsi muscle, =0 excluding the
present muscke (cawdally], but include subscapular vesels
PROCAB guide]ines semma andfor clips

#” ESTRO
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CTV IM: INDICATIONS

e Controversy
e IN FAVOR: ¥ LR
Freedman / Gustave-Roussy / Veronessi / Host

« AGAINST: No { LR, fibrosis, cardiotoxicity
Fowble / Obedian

RT IM if SN (+) (histologically confirmed) in IM

Locally advanced disease, medial tumour with
positive axillary nodes

- ey B wmE W e - B N e e S

Trials: EORTC 22922 / Canadian NCIC MA20

EST
‘ S(:Shocl}o



Budach et al. Radiation Oncology (2015) 10:258

DOl 10:1186/513014-015-0568-4 Radiation ONCOlOZY  hpimmropumatcomiconertariiass RADIATION
ONCOLOGY
RESEARCH Open Access
Adjuvant radiation therapy of regional @ s Adjuvant radiotherapy of regional lymph nodes in
lymph nodes in breast cancer - a meta- breast cancer - a meta-analysis of randomized trials
analysis of randomized trials- an update Wilfried Budach'", Kai Kammers’, Edwin Boelke' and Christiane Matuschek’

Wiifried Budach' ", Edwin Boike', Kai Kammers®, Peter Ame Gerber’, Carolin Nesﬂe—‘r(rami]ng”
and Christiane Matuschek

EORTC, MA.20, French

Meta-analysis concludes that RT to IM and SC
statistically improve DFS and OS in -1l stages of BC.

locally

é
D)
®)
5

verall. it has to recommend in

'\Jlull’ 1% w W 111NN

advanced tumours.
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The NEW ENGLAND JOURNAL of MEDICINE

N Engl | Mod 2015;373:317.27.

ORIGINAL ARTICLE

A

=

Ten —
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v
Supraclavicular Irradiation in Breast Cancer

P.M. Poortmans, S. Collette, C. Kirkove, E. Van Limbergen, V. Budach
H. Struikmans, L. Collette, A. Fourquet, P. Maingon, M. Valli, K. De Winter
S. Marnitz, 1. Barillet, L. Scandolare, E. Vonk, C. Rodenhuis, H. Marsiglia,

N. Weidner, G. van Tienhoven, C. Glanzmann, A. Kuten, R. Arriagada,

H. Bartelink, and W. Van den Bogaert, for the EORTC Radiation Oncology
and Breast Cancer Groups*

4004 patients

Randomized
between RT IMC
and Medial SC
nodes or no RT.

CONCLUSIONS

PATIENTS

From July 1996 through January 2004, a total of
4004 patients were enrolled at 46 institutions in
13 countries. Eligibility criteria included unilat-
eral histologically confirmed breast adenocar-
cinoma of stage I, II, or III with a centrally or
medially located primary tumor, irrespective of
axillary involvement, or an externally located
tumor with axillary involvement. Eligible pa-
tients had undergone mastectomy or breast-
conserving surgery and axillary dissection. Dur-
ing the last years of the trial, patients were
eligible if they had undergone a sentinel-node
biopsy followed by an axillary dissection in the
case of a positive node.

DOl 10.1056/NEJMoal415369

A
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Figure 2. Distant Disease-free and Overall Survival.

Kaplan—Meier curves for survival free from distant disease (Panel A) and overall survival (Panel B) are shown.

In patients with early-stage breast cancer, irradiation of the regional nodes had a

marginal effect on overall survival. Disease-free survival and distant disease-free

survival were improved, and breast-cancer mortality was reduced. (Funded by Fonds




Caudal

. Cranial aspect
of the 4% rib

Cranial Anterior

Superior
aspect of the
mammary | medial 1# nb.

Internal

Posterior

Lateral

5 mm from

Medial

Internal Caudal limit Cranial side Ventral limit Pleura o 5 mm from
mammary of CTVn_L4 of the 4th rib of the the inter f"ﬂ] the internal
chain (in selected vascular area mclun[m.atly mammary
CTVn_IMN cases 5th rib, Veln lartery vein (artery
see text) in cranial in cranial
part up to part up to
. . and and
Most IMN in first 3-4 including including
. first first
Intercostal Spaces SRIEEnT] intercostal
space) space)

ESTRO
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Letter to the Editor 2016

Radintherapy and Oncology o {2016) Xxx—xxx

Contents lists available at ScienceDirect

Radiotherapy and Oncology
ESTRO consensus suideline on target volume e
delineation for elective radiation therapy of
early stage breast cancer, version 1.17

Lateral border of CTVn_IMN

Since lymph nodes are positioned equally frequent medial and
lateral to the internal mammary vessels, the definiion of
CTVn_IMN is modified to include both the internal mammary vein
and artery with 5 mm margin (Table 1) [2,3].

®  ESTRO
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Interpectoral nodes
CTVn_interpectoralis

Cranial Includes the cranial
extent of the axillary
artery (i.e. 5 mm
cranial of axillary

vein)
a_carotis_com
Caudal Level 2's caudal limit ® a thoracic_int
b CTVn_IMN
 CTVn_IMN_IC4
Ventral Major pectoral CTVn_intpect
muscle CTVn_L1
S CTvn_L2
. Minor pectoral ® CTVn_L3
Dorsal muscle CTVn_L4
2 CTVp_thoraxwall
humerus
Medial Medial edge of ® humerus_PRV
minor pectoral ® m_scalenius_ant
muscle v_jugular_int
® v _thoracic_int
L vessels
Lateral Lateral edge of :

minor pectoral
muscle

Interpectoral or Rotter lymph nodes:

between pectoral major and minor Py EShTFlaO




e Introduction

e |Indications and CTV:
e Whole Breast
e Boost
e Chest wall
e Regional nodal
e |L4,L3, L2, L1, IM, Rotter

e Organs at risk and constraints
e Margins CTV — PTV OAR — PRV
e Conclusions

_# ESTRO
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ORGANS AT RISK

* Lung

e Heart

o Contralateral breast
o SKin

« Humeral heads

e Spinal Cord

e Thyroid

Brachial plexus

_# ESTRO
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LUNG

 Automatic delineation

e Both lungs should be
evaluated as a single organ

e Pulmonary hila and
trachea should be
excluded

& ESTRO
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HEART

e |t begins below the left pulmonary
artery

e The first cavity that you see is usually
the left atrium

e Lower limit: peak myocardial

e The whole heart should be contoured
apart from the pericardium

e The left anterior desgendin_? coronary
artery should be outlined, |

possible

_# ESTRO
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University of Michigan Medical Center

Heart

Right atrium
Left atrium
Rightventricle

Left ventricle
= Pulnonayertery
Superior. vena cava
Y Descending aorta
Ascending aorta,
Aortic valve
Pulmonic valve
Mitral valve
Tricuspid valve
LLeft main coronaryartery, =
Lleft anterior descending|artery, ——
[left circumfiex
Right coronary artery.
. AV node e .

Int J Radiat Oncol Biol Phys. 2011 January 1; 79(1): 10-18. doi:10.1016/).1jrobp.2009.10.058.

Deveiopment and vaiidation of a heart atias to study cardiac
exposure to radiation following treatment for breast cancer First LEFT ATRIUM

Mary Feng, M.D.T Jean M. Moran, Ph.D.!, Todd Koelling, M.D.2, Aamer Chughtai, M.D.3

June L. Chan, M.D.1, Laura Freedman, M.D.1, James A. Hayman, M.D.! Reshma Jagsi, I L EFT A NTER I O R DESCEN DI N G A RTERY

M.D., D. Phil.|, Shruti Jolly, M.D.1, Janice Larouere, M.D.", Julie Soriano, M.D.1, Robin
Marsh, C.M.D. ', and Lori J. Pierce, m.D.!

1 Department of Radiation Oncology, University of Michigan Medical Center . ESTRO
School



Heart
Right atrium

K Left atrium
Right ventricle
lleft ventricle
Pulmonary artery
SUperiorvend cava

Y Descending aorta;
Ascending aorta
Aorticvalye
Pulmonic valve
Mitral valve:

Iricuspid valve -

Lleft main coronary.artery: =

Left anteriordescending artery, ——
Left circumfiex:

Right coronary artery. ——

#” ESTRO
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BRACHIAL PLEXUS

' Esophagus . .
()4

Brachial o, )

plexus

B

Spinal chord

Subclwian

Fizure 1.
Comparison of manual (blue). auto-segmented (red), and modified (green) contours in the

(A) 3D surface view and (B) 2D axial slice view.

1-1 Subcmrian

Int J Radiat Oncol Biol Phys. 2011 December 1; 81(5): 1442-1457. do1:10.1016/5.4jrobp.2010.07.1977.

Pract Radiar Oncel 2013 October 1; 3(4): . do1:10.1016/5.prro.2013.01.002. CONSIDERATION OF DOSE LIMITS FOR ORGANS AT RISK OF
THORACIC RADIOTHERAPY: ATLAS FOR LUNG, PROXIMAL
Automatic contouring of brachial plexus using a multi-atlas BRONCHIAL TREE, ESOPHAGUS, SPINAL CORD, RIBS, AND
approach for lung cancer radiotherapy BRACHIAL PLEXUS

y 1 iy 23 o P, " Feng-Ming (Spring) Kong, M.D., Ph.D.", Timothy Ritter, Ph.D.", Douglas J. Quint, M.D.T,
Jinzhong Yang, Ph.D.", Arya Amini, M.D.“*, Ryan Williamson, B.S., Lifei Zhang, Ph.D. Suresh Senan, M.D.Z, Laurie E. Gaspar, M.D.§, Ritsuko U. Komaki, M.D.T. Coen W.

Yongbin Zhang, M.S.!, Ritsuko Komaki, M.D.3, Zhongxing Liao, M.D.3, James Cox, M.D.2, Hurkmans. Ph.D.|. Robert Timmerman. M.D.# Andrea Bezjak, M.D.". Jeffrey D. Bradley,
James Welsh, M.D.3, Laurence Court, Ph.D.", and Lei Dong, Ph.D."# M.D 1T, Benjamin Movsas, M.D.H, Lon Marsh, C.M.D.", Paul Okunieff, M.D.55, Hak Choy,
M.D.# and Walter J. Curran Jr., M.D.TT
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CONSTRAINTS (Our Department)

Total volume of both lungs taken together V20<30%
Ipsilateral lung V20<20-25%, mean dose <15Gy

ontralateral lung V10<10% mean dose <5Gy
Heart V20<10%, V25<10%, V45<30%, V50<20%
Contralateral breast V10<10% mean dose <5Gy
Humerus and ribcage maximum dose 50Gy
Brachyal plexus maximum dose 60Gy

Thyroid maximum dose 45Gy

Spinal cord maximum dose 46Gy

Other: QUANTEC & ESTRO

School




e Introduction

e |Indications and CTV:
e Whole Breast
e Boost. Partial Breast Irradiation
e Chestwall
e Regional nodal
e L4,L13,L2, L1, IM, Rotter

e Organs at risk and constraints
e Margins CTV - PTV OAR — PRV
e Conclusions
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5 mm CTV - PTV (Planning Target Volume)
OAR — PRV (Planning Organs at Risk Volume)

ICRU (International Comission on Radiation Units and Mesuraments) 50 and 62

CTV margin for creating PTV:
- geometrical errors
- Internal motion of CTV
- treatment technigue (beam orientation)
- intra and interfractional errors (patient fixation, daily setup errors)

OAR margin for creating PRV: movements of the OAR due to the
change in size and setup uncertainities

#” ESTRO
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5 mm CTV - PTV (Planning Target Volume)
OAR — PRV (Planning Organs at Risk Volume)

The recommended CTV margin to create PTV is at least 5 mm.

But, PTV outside skin can’t be used for dosimetric calculations (air,
outside the body ...). Typical solutions:

1. To crop PTV by 3 mm (without reaching the skin) but treatment
planning carried out with 2-3 cm

2. To create PTV outside the body (margin for breathing) without croping
— An additional “cropped” PTV volume will then be needed for
normalization purposes and DVH analysis

& ESTRO
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5 mm CTV - PTV (Planning Target Volume)
OAR — PRV (Planning Organs at Risk Volume)

PTV Breast 5 mm, skin 3-5 mm
PTV Boost 5 — 10 mm, skin 3-5 mm
PTV Chest wall 5 mm, skin 0-5 mm
PTV Nodes 5 mm

PRV 5 mm

Avoid the lungs

GTV=Seroma +clips CTV=GTV+15mm - skin, pec

& ESTRO
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Introduction

Indications and CTV:
e \Whole Breast
e Boost
e Chest wall
e Regional nodes
e 4,13, L2, L1, IM, Rotter

Organs at risk and constraints
Margins CTV — PTV OAR — PRV

Conclusions

_# ESTRO
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CONCLUSIONS

 Irradiation of breast cancer involves a variety of clinical situations
and individualized treatment for each patient should be designed

e \We need clear criteria for PTV and OAR delineation. There are
several guidelines (RTOG, DCBCG, PROCAB, ESTRO) to help us
to delineate CTV In breast cancer

e We need adequate positioning, immobilization and verification

systems

Proper volumes delineation is CRUCIAL

#” ESTRO
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QUICK GUIDE

Breast or chest wall:

CRANIAL: Clinical reference, maximally up to inferior edge sterno-clavicular joint
CAUDAL: Breast end (chest wall: guided by contralateral breast)

ANT: 5 mm skin or skin (RTOG)

POST: Pectoral M, intercostal muscle or ribs, or include both (Chest Wall) (RTOG)
LAT: Clinical reference, anterior to the lateral thoracic artery

MEDIAL: Sternal-rib junction

& ESTRO
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Transversal - CT_1 - 21/09/2015 10:27
4] 4]

CT Image
CT_1

21/05/2015 ( T

21/09/2015

e

D pTV NIX
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Transversal - CT_1 - 10/08/2015 9:57 ¥ O Sagitel - CT_L - 19/08/2015 9:57
Lill

leTit

Gl

15/08/2015 7|

Frontal - CT_1 - 19/08/2015 9:57
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pittal - 30_5_30042015
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gittal - 3D_5_30042015

Structure
BODY
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QUICK GUIDE

L4:

CRANIAL: Cranial subclavian artery or caudal cricoid (RTOG)

CAUDAL: 5 mm subclavian vein or caudal edge clavicle head (RTOG)
ANT: SCM muscle

POST: Scalene muscle
LAT: Lateral edge of SCM or junction 1st rib-clavicle
MEDIAL: Include: jugular vein. Exclude: common cartotid artery, thyroid

#” ESTRO
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Transversal - CT_1 - 21/09/2015 10:27
L

e | CRANIAL LEVEL IV
L6 CT

21/09/2015

McT_1

Jugular vein
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® Body

[/] @ Common Carotid A
M £ Contrakat Lung

& Cricoid

t Tontli

SCTVIV

$ CTV boost

® CTV_breast

@ Heart

& Int jugular Vein
) Ipsilat Lung

& Latissimus dorsi
@ Left subclavian
# Nipple

& OR_laryng_thyroi
® rectoralis major
® pectoralis minor
CI@pTv I
Cd@epTv IV

[ 18 PTV_Boost

L 1@ PTV_Breast

® scalene

& scm

@ Spinal cord

[ @ subctavian A

[ @ Subscapulary ms
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Transversal - CT_1 - 21/09/2015 10:27
— | CAUDAL LEVEL IV
CT

121/09/2015
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QUICK GUIDE

L3: above pectoralis muscles
CRANIAL: Cranial subclavian artery or pectoral minor insert on coracoid (RTOG).
Where the subclavian artery passes the line between clavicle-1st rib (PROCAB)

CAUDAL: Where the axillary vessels cross the medial edge of pectoral minor
ANT: Pectoralis major

POST: Ribs and intercostal muscles
LAT: Medial border pectoral minor
MEDIAL: The junction of subclavian and internal jugular veins

EST
. S(:Shocl}o




Transversal - CT_1 - 21/09/2015 10:27
L4

e | CRANIAL LEVEL I
CT

21/09/2015

Subclavian A

[¥'® Subdavian A
M ® subscpulary ms
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Transversal - CT_1 - 21/09/2015 10:27

CAUDAL LEVEL I

Pectoralis minor

Axillary vessels

/
« ﬁts':
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Pectoral

M D Int jugular Vein
M © Ipsilat Lung

[/ @ Latissimus dors
[ & Left subclavian
[/] @ Nipple

' OR_laryng_
[/ @ Pectorali
[ @ Pectoralis 1
(1@ pTV I
CI@pTV IV

[ 18 PTV_Boost
[ 18 PTV_Breast
[ @ Scalene

[ & scMm

- e
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QUICK GUIDE

L2: posterior to pectoral minor muscle
CRANIAL: Where the axillary vessels cross the medial edge of pectoral minor
CAUDAL: Caudal border pectoral minor
ANT: Pectoralis minor
POST: Ribs and intercostal muscles
LAT: Lateral border pectoral m
MEDIAL: Medial border pectoral m

#” ESTRO
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Transversal - CT_1 - 21/09/2015 10:27
4]

— | CRANIAL LEVEL Il
CT

21/09/2015

Pectoralis minor

Axillary vessels
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Transversal - CT_1 - 21/09/2015 10:27

ICT Image
ICT_1
21/05/2015

T L

CT

21/09/2015

McT_1

Pectoralis minor

CAUDAL LEVEL Il
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QUICK GUIDE

L1: caudally to pectoralis major
CRANIAL: Where the axillary vessels cross lateral edge of pectoral minor
CAUDAL: Pectoral major insert into ribs
ANT: Pectoralis major and minor
POST: Subscapularis muscle

LAT: Imaqginary line between pectoral major and deltoid / latissiumus dorsi
MEDIAL: Lateral border pectoral minor

#” ESTRO
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Transversal - CT_1 - 21/09/2015 10:27
L4

o ' CRANIAL LEVEL |
CcT

121/05/2015

Pectoralis minor

Axillary vessels
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Transversal - CT_1 - 21/09/2015 10:27
L4 4]

(CT Image IET 1
CT_1

21/08/2015 (T CAU DAL LEVEL I

Pectoralis major insrt.

| — .
—

- - Latissimus dorsi ms
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3D - CT_1 - 21/09/2015 10:27
4]

4]
'CT Image T
CT_1

21/09/2015 CT

21/05/2015

V5 PTV NI
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Transversal - CT_1 - 21/09/2015 10:27
L]

ET 1

21/09/2015 (T

(21/03/2015

McT_1
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CRANIAL LEVEL IV _—‘ D CAUDAL LEVEL IV
ke cT
Clavicle
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H
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CRAMNIAL LEVEL I = . CAUDAL LEVEL I
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CAUDAL

CAUDAL LEVEL 1
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QUICK GUIDE

IMN: First 3-4 intercostal spaces

Rotter Nodes: Between pectoral M and m




Pocket Atlas of Normal CT Anatomy

DBCG Counturing atlas pdf
PROCAB Counturing atlas pdf
ESTRO Counturing atlas pdf

RTOG Counturing atlas pdf

EXAMPLES OF CTV AND PTV BREAST CANCER (Our Department)
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IVIRI AllQ CervixX udriCel
e Established evidence e Accuracy

base for the use of MRI

 Provides sufficient
information for
management decision e Cost effective
making * Hricak et al. Radiology 1996

Subak et al. Obstet
Gynaecol 1995

e Revised FIGO staging —
influenced by imaging
findings



Cervix Cancer
Traditionally .... * |naccurate
FIGO Staging System e Clinical staging errors in
based on clinical up to 25% of Stage | and
examination Il disease
Introduced in 1928 e Upto67% in Stage Il —
» 8 revisions since 1950 IV disease
Most recently 2009 * Underestimation in 25—
67%

e (Qverestimationin 2%



FIGO Staging 2009

Stage | Tumour confined

Stage |
1A

IB

IB1
IB2
Stage Il

1A
A1

1B
Stage llI

1A
1B

Stage IV

IVA
IVB

The carcinoma is strictly confined to the cervix (extension to the corpus
would be disregarded)

Invasive carcinoma which can be diagnosed only by microscopy, with
deepest invasion <5 mm and largest extension =7 mm

Measured stromal invasion of <3.0 mm in depth and extension of <7.0 mm
Measured stromal invasion of >3.0 mm and not >5.0 mm with an extension
of not >7.0 mm

Clinically visible lesions limited to the cervix uteri or preclinical cancers
greater than stage IA *

Clinically visible lesion 4.0 cm in greatest dimension

Clinically visible lesion >4.0 cm in greatest dimension

Cervical carcinoma invades beyond the uterus, but not to the pelvic wall or to
the lower third of the vagina

Without parametrial invasion

Clinically visible lesion 4.0 cm in greatest dimension

Clinically visible lesion >4 cm in greatest dimension

With obvious parametrial invasion

The tumor extends to the pelvic wall and/ or involves lower third of the
vagina and /or causes hydronephrosis or non-functioning kidney **
Tumorinvolves lower third of the vagina, with no extension tothe pelvic wall
Extension to the pelvic wall and/or hydronephrosis or non-functioning
kidney

The carcinoma has extended beyond the true pelvis or has involved (biopsy
proven) the mucosa of the bladder or rectum. A bullous edema, as such, does
not permit a case to be allotted to Stage IV

Spread of the growth to adjacent organs

Soread to distant oreans

to cervix
IA Micro invasive
IB Clinically invasive

Stage |l tumour extension

beyond cervix but not to
pelvic sidewall

mvolvement of u

[]
"A"IIAA

qlﬁAﬂ
3rds of vagina

N/

/1B parametrial invasion
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e Examination under anaesthesia, cystoscopy,
sigmoidoscopy and I'VP are optional and no
longer mandatory

« MRI/CT scanning with tumour size and
parametrial involvement should be recorded

e Does not include nodal disease



Uterine Zonal Anatomy on T2 MRI

Inner high signal intensity stripe
L_ow signal intensity junctional zone

*Intermediate signal intensity
myometrium




Cervical Zonal Anatomy on T2 MRI

«Central high signal intensity endocervical
canal

sIntermediate signal cervical mucosa
L_ow signal fibrous stroma

sIntermediate signal intensity myometrium




Uterine Cervix on MRI

*Increased fibrous tissue in the
cervical stroma causes it to be
lower signal than myometrium

*Tumour appears as increased
signal intensity material replacing
the low signal cervical stroma




eSquamous cervical tumours occur
at the squamo-columnar junction.

*In premenopausal women this is at the
level of the ectocervix and consequently
tumours may be exophytic

L Transformation
Zone




In post menopausal women the
junction migrates up the
endocervical canal

sTumours grow superiorly into the uterine
body

*Obstruction of the endometrial cavity may
occur

NewsC]—__
Original SC| :

Transformation
Zone



*MRI is the only imaging technigque that can give an accurate
measurement of tumour length and volume

*Tumour volume is an independent poor prognostic factor
*Craniocaudal dimension important for brachytherapy planning




Stage 1B Cervix Cancer

Confined to cervix

*Intermediate signal tumour
against low signal stroma

sIntact low signal intensity stromal
ring

iB iB

-4cm or Larger
smaller than 4c




Stage 1B Cervix Cancer

Confined to cervix

*Intermediate signal tumour
against low signal stroma

sIntact low signal intensity stromal
ring

eIntact stromal ring has a high
(95%) negative predictive value for
parametrial invasion

(Subek LL et al, 1995)




Bulky Stage IB disease

e Cervix stromal ring remains intact




Ctrarmran IIA
Stage 1A

e Involvement of the
upper 2/3rds of the
vagina
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C N Y\ AA.
Stage llIA @

e MRI not as good as
clinical assessment

for evaluating
vaginal disease

e Difficult to see on
planning CT




Stage IIB disease

e Deficient stromal ring

«Tumour extending into
parametrium




Stage IlIA — lower vagina

Cancer has
grown into
lower third of
the vagina
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e What is the inferior
extent of the
tumour?

e Affect the
radiotherapy
volumes

 Nodal coverage




Stage IlIB — hydronephrosis /
extension to the pelvic
sidewall




Tumour extending through the bladder wall and mucosa into the lumen




Ovaries....




Do not confuse with
Lymph Nodes




Nodal disease in Gynae Cancer




- O

Within the pelvis, cervical cancer
spreads first to parametriai nodes,
then to obturator, internal and
external iliac nodes.

In more advanced disease,
common iliac and para-aortic
nodes may be involved.

-~

Although not incorporated in the
FIGO staging system, presence of
lymph node metastases has
significant prognostic and
treatment consequences.

The 5-year survival for node
positive patients is 39-54%
compared with 67-92% in patients

without nodal involvement .

< 4




In early stage tumour, nodal
involvement is important as it
excludes curative surgery
changing management to non
surgical treatment

In advanced disease, detection
of para-aortic nodes is important
for planning the extent of the
radiation field.




Limitations to nodal assessment with all imaging techniques

Size criteria

Consistency and outline

Inability to identify metastatic disease in normal sized nodes




* PET CT high sensitivity for detecting nodal disease in > Stage
IB2 disease

* Positive predictive value high enough to modify treatment
strategy

Rose et al J Clin Onc 1999
Naragyan et al J Int Gynecol Oncol 2001



* PET CT high sensitivity for detecting nodal disease in > Stage
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* Positive predictive value high enough to modify treatment
strategy

Rose et al J Clin Onc 1999
Naragyan et al J Int Gynecol Oncol 2001



 PET CT high sensitivity for detecting nodal disease in > Stage
IB2 disease

* Positive predictive value high enough to modify treatment
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* PET CT high sensitivity for detecting nodal disease in > Stage
IB2 disease

* Positive predictive value high enough to modify treatment
strategy

Rose et al J Clin Onc 1999
Naragyan et al J Int Gynecol Oncol 2001
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Imaging for Brachytherapy

e MRI compatible
brachytherapy applicators

e Use MR Imaging for
delineation of visible GTV

* ‘High risk’ CTV
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Target volume definition in brachytherapy
for cervical and prostate cancer

Angeles Rovirosa

Radiation Oncology Dpt.
Hospital Clinic i Universitari, Barcelona
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EDITORIAL

Curative Radiation Therapy for Locally Advanced Cervical
Cancer: Brachytherapy Is NOT Optional

Kari Tanderup, PhD,*' Patricia J. Eifel, MD,' Catheryn M. Yashar, MD,’
Richard Potter, MD,! and Perry W. Grigsby, MD*

*Department of Radiation Oncology, Washington University School of Medicine, St. Louis, Missouri; 'Department of
Oncology, Aarhus University Hospital, Aarhus, Denmark; ' Department of Radiation Oncology, The University of Texas MD
Anderson Cancer Center, Houston, Texas; ‘Department of Radiation Oncology, University of California, San Diego, La
Jolla, California; and 'Department of Radiotherapy and Oncology, Comprehensive Cancer Center and Christian Doppler
Laboratory for Medical Radiation Research for Radiation Oncology, Medical University of Vienna, Vienna, Austria
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Cervical cancer: TVD Brachy

1903 Radium: Empirical dose prescription.

LLack of: 1) knowledge about biological effects of radiation

on normal tissue and tumor.
2) Understanding about dose, dose distribution

and treatment duration.
Paris, Manchester and Stockholm systems.

e Zom=re— 3 cm =

1. Inconsistent and varied definitions

8 2. Inconsistent and varied scoring and reporting
systems

3. Volume was ignored

“ VN School
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The American Brachytherapy Society recommendations for
HDR brachytherapy for carcinoma of the cervix

Tandem & ovoids Tandem & ring

Nag S. etal. Int. J. Radiation Oncology Biol. Phys.,48, 201-211, 2000

_# ESTRO
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AR AL

Tumor width 25 mim
Small pear
TRAK 3.0d4 Gy (LDR) at Im

243 cGy (HDR) a1 [m
Width Ref. Valume 52 naim
60 Gy Ref. Volume 59 cm?
Point A: 43 Gy LDR

16 Gy (Gx6 Gy) HDR

AR AL

Tumar wadith 35 mm
Medium pear
TRAK 404 cliy (LDE}at Im
2,83 cGy (HDR) atlm

Width Ref. Volume 39 mm
&l Gy Ief. Volume 89 ¢m’
Point A: 60 Gy LDE

42 iy (6x7 Gy} HDR

Tumaor width 30 mm
Large pear
TRAK 5.72 ¢Gy (LDR) at Im

323 Gy (HDE] at Im
Width Ref. Volume 67 mm
&0 Gy Ref, Volume 145 cm?
Point A: 84,5 Gy LDR

4% Gy (6x8 Gy) HDR

# ESTRO
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2D planning




~  GOOD implant reconstruction and spatial resolution
BETTER OAR position determination in regards to implant

X-ray'<
(2D) LESS anatomical information on OAR volumes
N—
CT GOOD implant reconstruction and spatial resolution
(3D) BETTER anatomical information on OAR volumes and doses g ESTRO
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PREVIOUS GOLD KEYS FOR TVD AND PLANNING

Precise clinical examination before EBI and
brachy.

MR before EBI and brachy.

Correct implant (US guided) and implant
geometry
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Brachytherapy as a 3D conformal technique

Viewing of target volume and other relevant anatomical structures
Calculation of 3D dose distributions
Display and evaluation of dose distributions
And the use of dose-volume histograms

/n\

_# ESTRO
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Comparison of point A plan with 3D plan

Large CTV

not fully encompassed by 100%
Isodose line prescribed to point A

Conventional planning 3D planning

Kyung Wan Shin.. et al. Int. J. Radiation Oncology Biol. Phys., 64, 197-204, 2006

& ESTRO
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CT versus MR

MR: BETTER CONTRAST RESOLUTION OF SOFT TISSUES

*Quter rectum contours overlap
nicely

Bladder contours show only
slight deviations

*The high-risk clinical target
volume contour highlights the
difference in lateral extension
seen between CT and MR-
imaging and reveals difficulty in
accurately assessing the lateral
dimension.

Viswanathan A.N... et al., Int. J. Radiation Oncology Biol. Phys., 8, 491-498, 2007
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CT versus MR
Parameter IR-CTV \gx; IR-CTV crsg

Height (cm) 7.1 £2.5 6.1 £1.3
Width at Point A 6.7 = 1.1 8.1 09 (p=0.01)*

(cm)
Thickness at Point 53+ 1.3 48 £0.9

A (cm)
Volume (cm”) 115.1 =469 1179 £45.7
Voo (%) 75 £ 10 71 £ 15
Do (GY) 3.0+ 0.8 22205 (p =0.0D)*
Dy, (Gy) 56%1.0 46 1.2 (p=0.02)*

Viswanathan A.N... et al., Int. J. Radiation Oncology Biol. Phys., 68, 491-498, 2007

# ESTRO
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LINIC Pre-RT MRI examination 4 week EBRT BT MRI examination
Hospital Universit arl -g)“‘,- T

Image acquisition: Imaging parameters: technique (e.g. spin echo (SE), fast spin echo (FSE), turbo spin
echo (TSE)), repetition times (TR), echo times (TE), field of view (FOV) and matrix of data collection
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o e Three different target volumes according to cancer cell density

The  standard brachytherapy dose

schedule for HDR was 21 Gy in 3 fractions
LR IR HR IR LR

point A.

IGBT period: specified at the 100% isodose
around the HR-CTV, aiming at a total EQD2
dose of 80-85 Gy to 90% of HR-CTV (D90
HR-CTV).

Pelvic wall Pelvic wall

region /

. In some patients a fourth fraction,

region resulting in a total BT dose of 28 Gy was
\ necessary to achieve an adequate dose to
the HR-CTV. In a few patients with

+— + = > JE— significant comorbidities, a schedule of 17
Potential microscopic Macroscopic Potential microscopic Gy HDR in 2 fractions of 8.5 Gy was used.
tumour spread tumour load tumour spread
+— —
Significant Significant
microscopic microscopic
disease disease

HR: High risk CTV

IR: iniermeﬁiaie risk CTV Haie-Meder et al. Radiotherapy and Oncology 2005; 74:235-24.
LR: Low risk CTV E.C. Rijkmans et al. / Gynecologic Oncology 2014:135; 231-238
#’ ESTRO
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GEC-ESTRO Recommendations MR T2

GTV, HR-CTV, IR-CTV Potter, RO 2006

Recommendations from gynaecological (GYN) GEC ESTRO working
group (I1): Concepts and terms in 3D image-based treatment planning

D 9 O D 1 O O V 1 O O in cervix cancer brachytherapy—3D dose volume parameters and
aspects of 3D image-based anatomy, radiation physics, radiobiology
Richard Potter®™, Christine Haie-Meder®, Erik Van Limbergen©, Isabelle Barillotd,

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

High Dose Volumes Haide-Meder RO 2005

V 1 5 O V2 O O Recommendatigns 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

OAR Christine Haie-Meder™*, Richard Pfitterh, Erik Van Limbergen®, Edith Briot®,

Marisol De Brabandere®, Johannes Dimopoulosh, Isabelle Dumas® Taran Paulsen Hellebustd,

O 1 l 2 5 1 O Christian Kirisits®, Stefan Lzmgh, Sabine Muschitz®, Juliana Nevinson®, An Nulens,
- y ) y y CC Peter Petrowf, Natascha Wachter-Gerstner”

# ESTRO
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GEC-ESTRO Recommendations

" 5 ICRU 38 Ref. Points
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GTV, HR-CTV and IR-CTV DELINEATION

GTV: Macroscopic tumour extension at time of brachytherapy in the
cervix/ corpus, parametria, vagina, bladder and rectum using high
signal intensity mass(es) (FSE, T2 MR).

HR-CTV: includes GTV, whole cervix, and presumed extracervical
tumour extension.

Pathologic residual tissue(s) as defined by palpable indurations and
/or grey zones in parametria, uterine corpus, vagina or rectum and
bladder are included.

No safety margins are added.

IR-CTV: IR-CTV encompasses HR-CTV with a safety margin of 5 to15
mm.
The amount of safety margin is chosen according to tumour size,

location, potential tumour spread, tumour regression and treatment
strategy ®  ESTRO

School
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OAR CONTOURING

Rectum, bladder and sigmoid must be systematically
delineated using the outer contour for delineation.

These organs at risk can readily be seen on CT and MR.
MR delineation seems to be slightly easier (and more
accurate?).

Delineation of the outer contour permits a reliable
estimation of the dose actually delivered to 2 and 5cc of

~~ avnacnd] tAa a lhhinhh AAaean
Hall Gl\lduacu TtV a |||u|| UUVOC .
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Schematic diagram for cervix cancer, limited disease,
with GTYV, high risk CTV and intermediate risk CTV

Haie-Meder C. et al., Radiotherapy and Oncology 74 (2005) 235-24

& ESTRO
" School




=== Findings at diagnosis and at time of brachytherapy stage IIB:

right proximal parametrial infiltration

at diagnosis at the time of brachytherapy
® ESTRO

Haie-Meder C. et al., Radiotherapy and Oncology 74 (2005) 235-24



BARCELONA
Hospital Universitari

Schematic diagram for cervix cancer, extensive disease,
with GTYV, high risk CTV and intermediate risk CTV

Tumor at time
of diagnosis.

Tumor at time
of diagnosis.

~ Greyzones
on MRI

Haie-Meder C. et al., Radiotherapy and Oncology 74 (2005) 235-24
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MR CONTOURING
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Point A prescription
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»For CT-based treatment planning, the width of the cervix and any parametrial
extension should be contoured as the HR-CTV.

»The superior border of the cervix should extend at least 1 cm above the
uterine vessels identified by intravenous contrast or the location where the
uterus begins to enlarge.

»>If CT anatomy does not permit identification of the cervix, a height of
approximately 3 cm should be contoured for the cervix, with the caveat for CT-
planned cases that the entire length of the tandem should be treated, as precise
determination of the superior extent of disease is not feasible.

»0OAR should be contoured including the bladder, rectum, and sigmoid.

& ESTRO
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Point A prescription
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Kirisitis C. Radiotherapy and Oncology 1015;117:548-554
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Pattern of tumor regression |, Il Pattern of tumor regression lll
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Clinical Investigation

Value of Magnetic Resonance Imaging Without or Q) o
With Applicator in Place for Target Definition in
Cervix Cancer Brachytherapy

Richard Potter, MD,*"' Mario Federico, MD, PhD,*"'

Alina Sturdza, MD,* Irina Fotina, PhD,*’ Neamat Hegazy, MD, PhD,*"
Maximilian Schmid, MD,*-' Christian Kirisits, DSc,*"'

and Nicole Nesvacil, DSc**!

*Department of Radiotherapy, Comprehensive Cancer Center, and 'Christian Doppler Laboratory for
Medical Radiation Research for Radiation Oncology, Medical University of Vienna, Vienna, Austria;
'Department of Radiation Oncology, Gran Canaria University Hospital, Las Palmas de Gran Canaria,
Spain; “Institute of Physics and Technology, Tomsk Polytechnic University, Tomsk Oblast, Russia; and
Department of Clinical Oncology, Medical University of Alexandria, Alexandria, Egypt

Received Mar 30, 2015, and in revised form Sep 9, 2015. Accepted for publication Sep 14, 2015.

Summary Purpose: To define, in the setting of cervical cancer, to what extent information from
Pretreatment magnetic reso- additional pretreatment magnetic resonance imaging (MRI) without the brachytherapy
nance imaging shows a sub- applicator improves conformity of CT-based high-risk clinical target volume
stantial impact on computed (CTVyg) contours, compared with the MRI for various tumor stages (International
tomography-based contour- Federation of Gynecology and Obstetrics [FIGO] stages [-IVA).

ing for cervix cancer Methods and Materials: The CTV ;g was contoured in 39 patients with cervical can-
brachytherapy, especially in cer (FIGO stages I-IVA) (/) on CT images based on clinical information (CTV -
cases with limited para- CTelinica) alone; and (2) using an additional MRI before brachytherapy, without the
metrial disease. applicator (CTVyg-CTpe.pr mri). The CT contours were compared with reference

contours on MRI with the applicator in place (CTVyr-MRI (). Width, height, thick-
ness, volumes, and topography were analyzed.
Results: The CT-MRI,; differences hardly varied in stage I tumors (n=8). In limited-
volume stage IIB and IIB wmors (n=19), CTVyr-CTprenr mrr—MRI ¢ volume dif-
ferences (2.6 cm® [1IB], 7.3 em® [HIB]) were superior to CTVyr-CTepinica—MRI, ¢
(11.8 cm’ [IIB], 22.9 cm® [IIB]), owing to significant improvement of height and
width (P<.05). In advanced disease (n=12). improved agreement with MR volume.
Width, and hmght was achieved for CTVHR'CTprc-BT MRI- In 5 of 12 cases, MRI,—Cf
contours were partly missed on CT.
Conclusions: Pre-BT MRI helps to define CIVy before BT implantation appropri-
ately, if only CT images with the applicator in place are available for BT planning.
Significant improvement is achievable in limited-volume stage IIB and IIIB tumors.
In more advanced disease (extensive IIB to IVA), improvement of conformity is

possible but may be associated with geographic misses. Limited impact on precision ESTRO
of CTVyg-CT is expected in stage IB tumors. © 2016 Elsevier Inc. All rights reserved. \g! School
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Radiotherapy and Oncolagy 100 (2011) 116-123

Contents lists available at ScienceDirect
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Brachytherapy of cervical cancer

Clinical outcome of protocol based image (MRI) guided adaptive brachytherapy
combined with 3D conformal radiotherapy with or without chemotherapy

in patients with locally advanced cervical cancer

Richard Pétter®*, Petra Georg?, Johannes C.A. Dimopoulos®, Magdalena Grimm?, Daniel Berger®,

Nicole Nesvacil %, Dietmar Georg?® Maximilian P. Schmid?, Alexander Reinthaller€, Alina Sturdza?,
Christian Kirisits *

* Department of Radiotherapy, Medical University of Vienna, Austria; ® Department of Radiation Oncology, Metropolitan Hospital, Athens, Greece; “ Department of Gynecology
and Obsterrics, Medical University of Vienna, Austria

ARTICLE INFO ABSTRACT
Article history: Background: To analyse the overall clinical outcome and benefits by applying protocol based image
Received 31 May 2011 guided adaptive brachytherapy combined with 3D conformal external beam radiotherapy (EBRT) + che-

Received in revised form 13 July 2011
Accepted 13 July 2011
Available online 5 August 2011

motherapy (ChT).

Methods: Treatment schedule was EBRT with 45-50.4 Gy + concomitant cisplatin chemotherapy plus
4 »x 7 Gy High Dose Rate (HDR) brachytherapy. Patients were treated in the “protocol period” (2001~
2008) with the prospective application of the High Risk CTV concept (D90) and dose volume constraints
for organs at risk including biological modelling. Dose volume adaptation was performed with the aim of
Image guided adaptive brachytherapy dose escalation in large tun‘wur's (prescribed D90 > 85 Gy), often with il'lseni.ng additional interstitial nee-
Clinical outcome dles. Dose volume constraints (Da.) were 70-75 Gy for rectum and sigmoid and 90 Gy for bladder.
GEC-ESTRO recommendations Late morbidity was prospectively scored, using LENT/SOMA Score. Disease outcome and treatment
related late morbidity were evaluated and compared using actuarial analysis.

Findings: One hundred and fifty-six consecutive patients {median age 58 years) with cervix cancer FIGO
stages IB-IVA were treated with definitive radiotherapy in curative intent. Histology was squamous cell
cancer in 134 patients (86%), tumour size was >5 cm in 103 patients (66%), lymph node involvement in 75
patients (48%). Median follow-up was 42 months for all patients.

Interstitial technigues were used in addition to intracavitary brachytherapy in 69/156 (44%) patients.
Total prescribed mean dose (D90) was 93 + 13 Gy, Dy, 86+ 17 Gy for bladder, 65 £9 Gy for rectum
and 64 £ 9 Gy for sigmoid.

Complete remission was achieved in 151/156 patients (97%). Overall local control at 3 vears was 95%; 98%
for tumours 2-5cm, and 92% for tumours >5 ¢cm (p = 0.04), 100% for B, 96% for 1B, 86% for IlIB. Cancer
specific survival at 3 years was overall 74%, 83% for tumours 2-5 cm, 70% for tumours >5 cm, 83% for
IB, 84% for 1IB, 52% for IlIB. Overall survival at 3 years was in total 68%, 72% for tumours 2-5 cm, 65%
for tumours >5 cm, 74% for 1B, 78% for 1B, 45% for 111B.

In regard to late morbidity in total 188 grade 1+2 and 11 grade 3 + 4 late events were observed in 143
patients. G1 +2/G3 + 4 events for bladder were n=32/3, for rectum n =145, for bowel (including sig-
moid) n = 3/0, for vagina n=128/2, respectively.

Interpretation: 3D conformal radiotherapy + chemotherapy plus image (MRI) guided adaptive intracavi-
tary brachytherapy including needle insertion in advanced disease results in local control rates of
95-100% at 3 years in limited/favaurable (IB/IIR) and 85-90% in large/poor response (HB/I/IV) cervix
cancer patients associated with a moderate rate of treatment related morbidity. Compared to the

Keywords:
Cervical cancer

historical Vienna series there is relative reduction in pelvic recurrence by 65-70% and reduction in major
morbidity. The local control improvement seems to have impact on €SS and OS. Prospective clinical ES I RO
multi-centre studies are mandatory to evaluate these challenging mono-institutional findings.
@ 2011 Elsevier [reland Lid. All rights reserved. Radiotherapy and Oncology 100 (2011) 116-123
School
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Probability of G2—-G4 side effects according to dose levels

Dose volume Probability of EQD2 for G2—G4 side effects (Gy) for the incidence rates shown (95% CI)

5% 10% 20% p value
Rectum
D2cc 67 (30-79) 78 (66—110) 90 (78-171) 0.0178
D1cc 71 (0-89) 87 (69-209) 104 (87-443) 0.0352
DO0.1cc 83 132 186 0.1364
Bladder
D2cc 70 (0-95) 101 (29-137) 134 (110-371) 0.0274
D1cc 71 (0-107) 116 (17-169) 164 (129-498) 0.0268
DO0.1cc 61*(0-155) 178 (0-368) 305 (213-2126) 0.0369

# ESTRO
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Rectum (Topographic changes with DVH parameters):

Telangiectasia: corresponded to the 2cm?3 high-dose rectal volume.

Ulcerations: limited to the small high-dose volumes of 0.1cm?3 at the anterior rectal
wall segment.

Bladder: The 5% incidence is observed at dose ranges from 60 to 70 Gy,
independently of the DVH parameter.

In contrast, as in the rectum, the doses for 10% and 20% complication rates are
clearly dependent on the DVH parameter and increase with decreasing volume.
This confirms that the 3D dose-volume parameters describe the dose effect in the
urinary bladder very well.

Sigmoid, colon: When the commonly used institutional dose constraints for
OARs are not fulfilled, the expected risk of side effects can be estimated based on
the dose response curves. Useful limits for D2 cc to the sigmoid and rectum not
including the contents (70-75 Gy)
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Total DVH parameters (calculated
taking into account all 4 fractions)
D2cc= 75 Gy EQD2

D1cc= 82 Gy EQD2

DO0.1cc= 103 Gy EQD2

EQD2>90 Gy in 0.1cc was associated
With ulceration and fistula.
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Image Guided Cervical Brachytherapy: 2014 @cw
Survey of the American Brachytherapy Society
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Linda P. Cho, BA,' Beth Erickson, MD," Christina Small, MPH,
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*Department of Radiation Oncology, Perelman School of Medicine, University of Pennsylvania,
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Stritch School of Medicine, Loyola University Chicago, Chicago, Illinois; !Department of Radiation
Oncology, Brigham & Women's Hospital/Dana-Farber Cancer Institute, Boston, Massachusetts; and
‘Department Radiation Oncology, Froedtert Hospital and Medical College of Wisconsin, Milwaukee,

Wisconsin

Received Jul 21, 2015

Summary

The American Brachyther-
apy Society conducted a
survey of image guided cer-
vical brachytherapy practices
in the United States in 2007,
which showed that most
physicians used computed
tomography (CT) for plan-
ning and used a point-based
system only for target-dose
prescription. We present the
updated results of a 2014
practice pattern survey
showing that, compared with
2007, it seems that signifi-
cantly more physicians are
using CT and magnetic

Purpose: To provide an update of the 2007 American brachytherapy survey on image-
based brachytherapy, which showed that in the setting of treatment planning for gyne-
cologic brachytherapy, although computed tomography (CT) was often used for treat-
ment planning, most brachytherapists used point A for dose specification.

Methods and Materials: A 45-question electronic survey on cervical cancer brachy-
therapy practice patterns was sent to all American Brachytherapy Society members
and additional radiation oncologists and physicists based in the United States between
January and September 2014. Responses from the 2007 survey and the present survey
were compared using the %% test.

Results: There were 370 respondents. Of those. only respondents, not in training, who
treal_ more than | cervical cancer patient per year and practice in the United States.
were included in the analysis (219). For dose specification to the target (cervix and
tumor), Y5% alwavs use CT, and 34% always use MRI. However, 46% use point A
only for dose specification to the target. There was a lot of variation in parameters used
for dose evaluation of target volume and normal tissues. Compared with the 2007 sur-
vey, use of MRI has increased from 2% to 34% (P<.0001) for dose specification to the
target. Use of volume-based dose delineation to the target has increased from 14% to
52% (P<.0001).

ESTRO

A School



Contents lists available at ScienceDirect

CLINIC

[BARCELONA]
Hospital Universitari

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Original article

Transrectal ultrasound for image-guided adaptive brachytherapy in
cervix cancer — An alternative to MRI for target definition?

Maximilian P. Schmid **, Nicole Nesvacil ¢, Richard Potter*°, Gernot Kronreif®, Christian Kirisits *°

 Department of Radiation Oncology, Comprehensive Cancer Center; " Christian Doppler Laboratory for Medical Radiation Research Jor Radiation Oncology, Medical University of
Vienna; and © Austrian Center for Medical Innovation and Technology - ACMIT, Wiener Neustadt, Austria

ARTICLE INFO ABSTRACT

Article history: Purpose: To compare the maximum high risk clinical target volume (CTVz) dimensions and image qual-
Received 11 September 2015 ity between magnetic resonance imaging (MRI), transrectal ultrasound (TRUS) and computed tomaogra-
Received in revised form 27 December 2015 phy (CT) in image guided adaptive brachytherapy (IGABT) of locally advanced cervical cancer.

Accepled 9 January 2016

; : Material and merhods: All patients with locally advanced cervical cancer treated with radiochemotherapy
Available online xxxx

and ICABT between 09/2012-05/2013 were included in this study. T2-weighted MRI (1.5 tesla), TRUS and
CT were performed before (MR, .gr, TRUS ,,cp1) and/or after (MRIyy, TRUSgy and CTgyr) insertion of the
applicator. 3D TRUS image acquisition was done with a customized US stepper device and software.
Radi ) The HR CTV was defined on 3D image sequences acquired with different imaging modalities by one
adiotherapy . : : .
Image-guided adaptive brachytherapy blinded observer, in accordance to the GEC-ESTRO recommendations for MRI-based target volume delin-
MRI eation, as the complete cervical mass including the tumour, any suspicious areas of parametrial involve-
Transrectal ultrasound ment and the normal cervical stroma. Maximum HR CTV width and thickness were measured on
transversal planes. Image quality was classified using rthe following scoring system: Grade 0: not
depicted, Grade 1: inability to discriminate, margin not recognizable, Grade 2: fair discrimination, margin
indistinct, Grade 3: excellent discrimination, margin distinct. Descriptive statistics, mean differences
between the groups, with MRIlg; as reference, and a paired t-test were calculated.
Resulis: Images from 19 patients (FIGO 1B: 3, 1IB: 9, 111B: 5, IVB: 2) were available for analysis. The mean dif-
ference in maximum HR CTV width of TRUSgy, TRUS,, cgr, MR, 7, CTgr to MRIgr was 0.0 mm +4.7 (n.s.),
—1L.1mmz56(ns),0.7mmz6.4(ns.)and 13.8 mm £ 6.7 (p < 0.001). The mean difference in maximum
HR CTV thickness of TRUSy; TRUS,enr. MRI,esr. CTer to MRIgr was -3.4 mm+59 (p=0.037),
—34mm+42(p<0.001)2.0mm=6.1(ns)and 13.9 mm + 6.3 (p <0.001). Mean scores of image quality
of the target volume was 2.9 for TRUS;c¢1, 2.3 for TRUSgy, 2.9 for MRl epr, 2.7 for MRIyr and 2.1 for CTgr.
Conclusion: For the assessment of the HR CTV in IGABT of cervical cancer, TRUS is within the intraobserver
variability of MRI. TRUS is superior to CT as it vields systematically smaller deviations from MRI, with good
to excellent image quality. Small differences of TRUS HR CTV thickness are likely related to differences in ESTRO
image slice orientation and compression of the cervix by the TRUS probe before insertion of the brachyther-
apy applicator. SC"!OOI
© 2016 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology xxx {2016) xxXx—xxx

Keywords:
Cervix cancer
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Image guided brachytherapy

Adaptive image guided brachytherapy for cervical cancer: A combined
MRI-/CT-planning technique with MRI only at first fraction

Nicole Nesvacil **, Richard Potter®, Alina Sturdza? Neamat Hegazy?, Mario Federico®, Christian Kirisits®

* Department of Radiotherapy, Comprehensive Cancer Center, Medical University of Vienna; ® Department of Radiotherapy, Comprehensive Cancer Center & Christion
Doppler Laboratory for Medical Radiation Research for Radiation Oncology, Medical University of Vienna

ARTICLE LNFO ABSTRACT

Article history: Purpose: To investigate and test the feasibility of adaptive 3D image based BT planning for cervix cancer
Received 21 December 2011 - patients in settings with limited access to MRI, using a combination of MRI for the first BT fraction and
Received in revised form 31 August 2012 planning of subsequent fractions on CT.

Accepted 7 September 2012

i s: For ati treated with EBRT i i i -
e e A SR Material and methods: For 20 patients treated with EBRT and HDR BT with tandem/ring applicators two

sets of treatment plans were compared. Scenario one is based on the “gold standard” with individual
MRI-based treatment plans (applicator reconstruction, target contouring and dose optimization) for
two BT applications with two fractions each. Scenario two is based on one initial MRI acquisition with
an applicator in place for the planning of the two fractions of the first BT application and reuse of the tar-
get contour delineated on MRI for subsequent planning of the second application on CT. Transfer of the
target from MRI of the first application to the CT of the second one was accomplished by use of an auto-
matic applicator-based image registration procedure. Individual dose optimization of the second BT
application was based on the transferred MRI target volume and OAR structures delineated on CT.

Material and methods: DVH parameters were calculated for transferred target structures (virtual dose
from MRI/CT plan) and CT-based DAR.

Material and methods: The quality of the MRI/CT combination method was investigated by evaluating
the CT-based dose distributions on MRI-based target and OAR contours of the same application (real dose
from MRI/CT plan).

Results: The mean difference between the MRI based target volumes (HR CTVyg;z) and the structures
transferred from MRI to CT (HR CTV¢ps) was 1.7 +6.6 cm? (—~2.9 +20.4%) with a median of —0.7 cm?>.

Results; The mean difference between the virtual and the real total D90, based on the MRI/CT combina-
tion technique was — 1.5 £ 4.3 Gy EQD2. This indicates a small systematic underestimation of the real D90.
Conclusions: A combination of MRI for first fraction and subsequent CT based planning is feasible and easy
when _automatic applicator-based image registration and target transfer are technically available, The
results show striking similarity to fully MRI-based planning in cases of small tumours and intracavitary
applications, both in terms of HR CTV coverage and respecting of OAR dose limits. For larger tumours
and complex applications, as well as situations with unfavourable OAR topography, especially for the sig- ESTRO
moid, MRI based adaptive BT planning remains the superior method. \ SC"!OOI

© 2012 Elsevier [reland Ltd. open aceess under CC BY-NC-ND license Radiotherapy and Oncology 107 (2013)
—_c 91

Keywords:

Cervical cancer

Image guided adaptive brachytherapy
MRI-based brachytherapy




FINALLY......

Additional human resources are required to provide a 3-D HDR brachytherapy service, owing to the
additional complexity in imaging and treatment planning. The IAEA has developed a tool to estimate staffing
levels in radiotherapy practice which will soon be published. If 200 patients per year are to be treated with

3-D brachytherapy, then the number of radiation oncologists dedicated to brachytherapy needs to increase
by 0.8 full-time equivalent (FTE) compared with a 2-D service managing the same number of patients. Similarly,
the number of medical physicists needs to mncrease by 0.5 FTE and radiation oncology nurses by 0.3 FTE.




T1= Stage A T2 = Stage B

T3 = Stage C




Comparative analysis of prostate-specific antigen free survival outcomes for
patients with low, intermediate and high risk prostate cancer treatment by
radical therapy. Results from the Prostate Cancer Results Study Group
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GEC/ESTRO recommendations ASTRO GUIDELINE

GEC/ESTRO recommendations on high dose rate afterloading AMERICAN SOCIETY FOR RADIATION ONCOLOGY (ASTRO) AND AMERICAN
brachytherapy for localised prostate cancer: An update COLLEGE OF RADIOLOGY (ACR) PRACTICE GUIDELINE FOR THE

TRANSPERINEAL PERMANENT BRACHYTHERAPY OF PROSTATE CANCER
Peter J. Hoskin®*', Alessandro Colombo®™', Ann Henry“', Peter Niehoff®', Taran Paulsen Hellebust ',

Frank-Andre Siebert ™!, Gyorgy Kovacs &' SerH A, RosentHAL, M.D.,* Narnan H. J. Brriner, M.D., M.S.." Davip C. Bever, M.D..!

D. Jererey DEMANES, M.D.," Brian J. GoLpsmrri, M.D.,* Eric M. Horwitz, M.D. T -
Georrrey S. Issor, Pu.D..! W. Rosert Lee, M.D.." Susir Nag, M.D.,** W. WARREN Sun, M.D.,"T

aND Louis Porrers, M.D. ¥
Radiotherapy and Oncology 83 (2007) 3—10
www . thegreenjournal.com

Guidelines prostate brachytherapy

RADIOTHERAPY
& ONCOLOGY

JAULNAL DY THI EUROTLAN 1OLIIFY KOk
THELAPECTIC 1ADIOIOGY AND OXCOLOGT

Tumour and target volumes in permanent prostate Radiotherapy and Onclogy 74 (2005) 137-148 e
braChytherapy: A supplement tO the www elsevier.com/locate/radonline
ESTRO/EAU/EORTC recommendations on prostate brachytherapy

Carl Salembier?, Pablo Lavagnifnib, Philippe Nickers®, Paola Mangili®, Alex Rijnders?, GEC/ESTRO-EAU recommendations on temporary bI’aChytherapy
e Te Ll . ' .
Alfredo Polo®, Jack Venselaar', Pete(gé—ié:sékslng on behalf of the PROBATE group of usmg steppmg sources for localised pI'OSt’dtC cancer
i, Iy, “Department of Redition Onctesy omcine nveriaire d Sre Tiiman, Lige, Belghm, sbeparement of ;:Z;T:fi::;;;s, Gyorgy Kovics™, Richard Potter”, Tillmann Loch®, Josef Hammer,
. o Retotherpy, b 3. Verbeeten nttue, Tburs, The hecherlands, ount Vernon Cacer Contre, Nortmwood, 0K Inger-Karine Kolkman-Deurloo’, Jean J.M.C.H. de la Rosette', Hagen Bertermann®
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GEC-ESTRO indications

Inclusion criteria.

»Most low risk patients undergoing seeds brachy or surgery but HDR is
possible.

»HDR is more frequently indicated after EBI (high risk and ECE)
»Stages T1b-T3b.

»Any Gleason score.

»Any PSA level,

Exclusion Criteria

»TURP within the previous 3-6 months

»Maximum urinary flow rate < 10 ml/s

» PSS greater than 20

»Pubic arch interference

»Lithotomy or anesthesia not possible

»Rectal fistula

»Direct contact between applicators and rectal mucosa

#” ESTRO

School
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POTENTIAL EXCLUSION CRITERIA

Prostate volume > 60cc (consider androgen deprivation)
Unacceptable operative risk

Poor anatomy which leads to a suboptimal implant
Positive lymph nodes and M1+

Pubic arch interference

vV V VY V V VY

Large median lobe (limited excision should be
considered)

Seminal vesicle infiltration

Large or poorly healed TURP

T3 stage

V V V V V
L
S|
=

And Infiltration of the external sphincter of the bladder

neck ESTRO
‘ School




» Digital rectal examination
» PSA level
» TRUS and biopsy

» Bone scan: Gleason score 7(4+3) , PSA greater than 20
ng/ml.

» MR In intermediate and high risk patients.

» CT for pelvic and paraaortic lymph nodes. Choline PET
and/or laparoscopic surgical sampling in equivocal cases.

» IPSS or AUA symptom scores.
» Urinary flow tests.
» Index of erectile function scale

& ESTRO

School
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OAR delimitation

» Prostatic urethra: a 10 mm urinary catheter should be
contoured with aereated gel inside to avoid distension of the
urethra. Delineation of the outer contour should be from the
prostatic base to 5-10 mm below the prostatic apex.

» Rectum: contouring of the outer wall is the minimum
requirement. Contouring of the inner and outer walls is more
correct for analysis of late damage.

» Penile bulb and
Neurovascular bundles:
remains under study.
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Intra-operative planning:
1) Contouring for Pre-planning
2) Real time planning

Contouring:

Every 3-5 mm for contouring

From the base to the apex with a 3 mm
margin (not posteriorly)

To justify the 3mm margin:
PARTIN tables: 10% extracapsular penetration
Studies by Davis BJ (Cancer 1999),
the 96% extracapsular extension < 3mm in patients with good
prognosis

» GTV is usually not considered (may be defined using the information from previous
diagnostic images.

» CTV: Volume that contains GTV and includes all sublinical malignant diseases at a

certain probability level: Prostate + 3mm.

CTV=PTV: Prostate + 3 mm.

T3: CTV corresponds to the visible contour of the prostate including visible extension

due to extracapsular growth + 3mm.
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HDR BRACHY PROSTATE CONTOURING
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o CT, MR or US PLANNING

The Yolume Study - 5 mm Steps

CT: Every 3 mm slices from the base
to the template.

T2 MR provides optimal anatomical
definition but T1 provides more
accurate catheter reconstruction.

Image fusion may be used to
maximize information from
different imaging modalities.

Delimitations of the prostate and

OARSs should be included.

& ESTRO
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REAL TIME PLANNING (US)

CTV: prostate capsule plus any EPE or seminal vesicle
involvement. CTV margins are constrained posteriorly to
the anterior rectal wall and superiorly to the bladder base.
PTV: should be considered as a CTV expansion
accounting for uncertainties like catheter tracking and
image registration.

Different subvolumes of
interests are considered

CTV1: Peripheral zone
(main tumour burden:
in yellow)

CTV2: Macroscopic
tumour shown in red
CTV3....

8 200.00 Gy :@m_ﬂ %)
1 0 .o s A
o == 188.50 Gy (130.p %)

145,00 G L0 5
7250 Gy (500 %)
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Parameter reporting

» External beam dose

» Implant technique, number of catheters

» TRACK Pattern dwell time for each applicator
» CTV: D90, V100; V150, V200

> PTV (if defined): D90, V100, V150, V200

» Organs at risk: rectum: DO.1cc, D2cc.

» Urethra: DO.1cc, D10, D30 In general for CTV:

- V100 2 95%
— D90 > 100%
- V150 15% CTV
- V200 5% CTV

OARs:
RD,cm?® < 75% prescribed dose

UD,cm?3 < 120% prescribed dose
#” ESTRO

School




FINALLY .

» When indicated, BT in prostate cancer is a safe technigue with
proven results.

» BT In prostate cancer requires adequate volume delimitation of the
prostate and extraprostatic extension, if present.

» Real time planning needs a good working team and...
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CNS case solution

Glioblastoma
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CNS case

® Man aged 52
® Seizures, for 3 months

® Craniotomy - temporal lobectomy and debulking
® Histology — glioblastoma
® MGMT - unmethylated

® Radical radiotherapy (+ temozolomide):
® positioning & immobilisation
® beam energy
® treatment approach — CRT or IMRT

ESTRO
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Chemo + RT for GBM

® Stupp et al. Lancet Oncol 2009; 10: 459-66

® ~20% 3 year survival ~10% 5 year survival
100 =
90 — — Combined
30 - Radiotherapy
N 707 p<0-0001
® 60—
£ 50+
Pt
A 40—
30 -
20 —
10 =
0 T T T ] I I |
0 1 2 3 4 5 6 7

Time (years)
Number at risk

Combined 254 175 76 39 23 14 6
Radiotherapy 278 144 31 11 6 3 0




CNS case

® GTV outlining

® What CTV margin?
°* Edit CTV?

® What PTV margin?
® What are the critical normal tissues?

® RT dose and fractionation

ESTRO
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CNS case

® Review of imaging

® Individual and group outlining

& ESTR
’ School O



Review of outlining

® Both CT and MRI useful — CT for bone + skull base

® Don’t worry too much about every margin — if large
CTV margin is to be added

® Distinguish which margins are important and which
are not

® In the end, we want the CTV to be correct

ESTRO
. School
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CNS case

® Optic pathway - OAR
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Inter-observer variation in target volume delineation

Peter Remeijer
Department of Radiation Oncology

The Netherlands Cancer Institute S :
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Axial MRI

Observer 2




What influences delineation uncertainty?
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Lack of coffee.....

&W ESTRO
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... or too much coffee
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Level/window
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Modalities




Resolution

0.4 mm pixel size

ESTRO
School

1 mm pixel size




MRI artifacts can cause invisible geometrical errors!
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What you see is not always what you get

tesy U. van der Heide



Registration

« Planning and image guidance is CT and CBCT based
« Delineation often based on MRI or PET

- Registration error = Delineation error!
 Be careful with registrations — especially deformable

Anything can be deformed in anything else...
But is it true?




Why Is this so important?

« Purely systematic error source

« Effectively shifts the dose distribution for ALL fractions

« Margin = 2.5 x SD of the errors

« E.g.4 mm SD - 1 cm margin!

&’ ESTRO

School




How to analyze?

. 0 Australian survival tip No.1
Volumes: How to order a beer.

VICTORIA e
200 — A Beer
785mk — A Pat
485mL — A Schaoaer
1140ml — A Jug

SOUTH AUSTRALIA
200mt. ~ A Butcher

285ml — A Schooaer
4Z5ml — A Pint

1140mL — A Jug

WESTERN AUSTRALIA
200mlL — A Beer, or 2 Bobly
285mt — A Middy

475mL - A Pt

1140mL - A Jug

NORTHERN TERRITORY
200mL ~ A Seven. or 3 Seven Dunce
785mk — A Pot, a Beer, or a Handle
425mk — A Schooner

1140mL - A Jug

QUEENSLAND
200ml — A Glass
285mlL - A Pot
425ml — A Schopner
1140mL — Adug

NEW SOUTH WALES
200ml — A Seven, a Glass, oe 2 Beer
285l — A My

425ml - A Schooner

1140mlL - A Jug

TASMANIA

170mL - A Six, a Six.Qunce, or 3 Besr
200ml - A Seven, ora Sewen Junce
225mi — An Eight, or an Eight Ounce
285mb — A Ten, or a Ten Qunce or 3 Beer

425mL - A Pint
1140mb — A Jug

It's one of the common necessities of life, ordening a beer. But it Wet if it's all a bit confusing, we suggest you sit down wi
can be more complicated than you think, flo vou ask for a pot oe a pmt?  few friends, a jug of VB {Ausirala’s favourite beer) and take in
What's 2 schanaer [sounds ke something you riight fioat away inf? 1erms you nead to keow to successfully order a coid one in the
And & it begger or sraller than a jug? different states-of Austrafia. Cheers.

ESTRO
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How to analyze: Volumes?

Volumes?
Often used: DICE index

2 * common volume

DICE Index =

Volume 1 + Volume 2

No common volume: Index =0

Volumes identical: Index =1 <0 VO
y SN

P @ &
® 7,

(4

- —



How to analyze: Volumes?

* Problem: Left and right have the same volume
difference!

* DICE index the same for both situations
« Clinically this may have a completely different impact

-> DICE is mainly a qualitative comparison tool

& ESTRO

School




How to analyze?

Dose?
E.g. evaluate DVHs of different structures

Better, because spatial information is taken into
account

Still no information on where the difference iIs

ESTR
. ScShoolO



How to analyze?

* Volumes?
* Dose?
« Distances in many directions!

ESTRO
School



Distance maps

Bladder
Cran = Caud L

I

Seminal Vesicles

0 (degrees)
-

180
¢ (degrees




Systematic modality difference (axial MRI - CT)

anterior
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Overall observer variation in CT (SD)

Legend (mm)

3.6
3.4
3.2
3.0
2.8
Bladder 2.6
2.4
2.2

0 2.0

*s . 1.8
emmaIVesmIes

0 (degrees)
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What next?

Improve delineation uncertainty by
»  Inclusion of more modalities — Quantify improvements
»  Clear protocols

To quantify improvements - Extend model to measure more
complex structures

To determine protocols - See how the doctors are delineating

&’ ESTRO

School



What next?

« Measure complex structures

®— &N

« Measure normal to the surface instead of using polar
coordinates (=measurement from one central point)

ESTRO
School




Geometrical analysis in 3-D

)

Median Surface

Distance measured

Local SD




Geometrical analysis in 3-D
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What are the doctors doing?

Big brother... Q ESTRO

| School




Target volume delineation

More sites were investigated

11 radiation oncologists

» Lung

= H&N

10 radiation oncologists

13 radiation oncologists

ESTRO
= School

= Prostate




Some examples......
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SD 10.2 mm SD 4.2 mm _g ESTRO

¥\ School




CT+PET

Atelectasis?
SD 10.9 mm SD 3.5 mm

A&? ESTRO

7\ School




Lung

CT + PET

I
oONNOOD

= 8-9 12-13
9-10 13-14
10-11 == 14-15
11-12 === 5 15

LOCAL SD

~NO O S
I

LWN = O
|
HWN =




= Mean del. time:

= Corrections

“Big Brother”

16 min \J> p < 0.001 paired

CT
CT-PET

12 min

students T-test

Region CT (corr | CT-PET
/ cm?) (corr / cm?)
Tumor — lung 4.2 3.1
Tumor — chest wall 5.0 3.8
Tumor — mediastinum 4.1 3.4
Lymph nodes 4.9 54
Tumor — atelectasis 2.4 1.9
Total 4.0 3.2
Total # corrections 9416 6144




Prostate case




3-D median surface with local SD

s
Median Surface

o

Distance measured

Local SD

<z
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3-D median surface with local SD

LOCAL SD (rnirn)
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Use diffferent imaging modalities

Matched MRI - CT

ESTRO
School



Prostate

RN

CT + MRI

SD 2.8 mm ESTRO
School




So do we need margins for delineation
uncertainties?

* Yes and no
If it is genuine uncertainty - Yes

If it is a protocol related difference - No

= PN\ School



Margins for delineation uncertainties

« But: The standard recipe may not apply....
« Assumes translations only and rigid structures

« Delineations are often biased towards larger volumes

»  Areas with poor tumor definition are included to ensure coverage of
the target

»  The better the imaging, the smaller this bias will be

« What is the golden standard?

ESTRO
School




Conclusions

Many factors influence the delineation accuracy
To quantify, a full 3-D analysis (in cms) is needed
Benetits of different modalities, protocols can then be validated

Because it’s a systematic deviation, the effect on the treatment is
large

However, incorporation into a margin is not always trivial

ESTRO
School
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Target Volume Determination

& ESTRO

School From Imaging to Margins

Barcelona 10-13 April 2016

GTV and CTV for Rectal Cancer and Anal
cancer

Maria Antonietta Gambacorta
Radiotherapy Department

Universita Cattolica del Sacro Cuore
Rome Italy




after 2000 randomized trials

Trlal Pre ERT Winner

German trlal

Trial Short ERT Winner

Duch Trial

MRC CO7/

Trlal
EORTC 22921

FFCD 9203

Trial

Polish Trial

TROG Trial

Pre R

+ vs Post R

SC RT+

SC RT+

ME vs

Long ERT

" vs C-R

C?

vs C-R

L C

T

vs C-RT

Short vs Long

SCRT
SCRT

vs C-RT
vs C-RT

ME vs TME
TME

Pre RT

SCRT
SCRT

Winner

C-RT
C-RT
C-RT
Winner

C-RT




after 2000 randomized trials

SURVIVAL Local control

No Improvement Improvement

Acute Toxicity
Increased



1.GTV

2. MESORECTM and PRESACRAL SPACE

3. LATERAL NODES

4. Sphincter Complex & Inguinal Nodes



Surgery targets
Tumor (GTV)
Mesorectum

Not surgery targets
Mesorectal fascia
Presacral region
Lateral lymphnodes




“...en bloc removal of
the rectum together
with the mesorectal fat

column”




removed

e TUMOR: GTV

e MESORECTUM: Nodes




removed
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Lateral Spaces Nodes




GTV: removed by surgery

Long course RT-CT and delayed surgery
Boost: Local control; shrinkage/regression

I AT T - S
CT

6-8 weeks

5 weeks



No consensus! No Guideliens!

GTV + margin GTV + corresponding mesorectum

Myerson et al IJROBP 2009



GTV + corresponding mesorectum -

Microscopic tumor deposits in the Mesorectum: 38%
Outer Region of the Mesorectum: 25%
Distal tumor deposits in the mesorectal fat 3 cm from the cancer: 6.5%

Prevent target missing related to movement (ITV)

Myerson et al IJROBP 2009 Wang et al. Int J Colorectal dis 2005



Removed by TME

Residual distal mesorectal fat
In 50% of patients who

underwent TME

Kusters et al. EJCO 2010
Syc et al IJROBP 2006



RT-TME decrease anastomotic LR

Subsites of local recurrence.

RT + (n = 713) RT — (n = 704)
Presacral 15 (2.0) 25 (3.6)
Lateral 9 (1.1) 14 (1.9)
Anterior 6 (0.7) 14 (1.9)
Anastomosis > 5 (0.7) > 19 (2.7)
Perineum 0 (0) 4 (0.6)
Unknown 1 (0.1) 2 (0.3)
TOTAL 36 (4.6) 78 (11.0)

Values in parenthesis are 5-year LR-rates, by competing risks analysis.

Anastomotic LR had residual mesorectum

Kusters et al. EJCO 2010



Mesorectal
Fascia

Prescral
Space

Lateral
-~ Nodes



Circurferential Resection Margin

Naagtegaal et al. JCO 2009



Tmaun_ng]" —~— UE?‘I:JEEImI:}IEE]

0 0.2 n4na 0.8 1.0 1.2 1415 13 2:]
Murei‘ﬂﬁth CERM+ T Less LR With CRM4+

Mo Difference

Total (n = 6,146) _ e pJE8 (0.4 to 0.79)

0 n.':e n.l-ﬂ. [:II.E EI.IE 1.0 1.'2 1.'4 1.6 1.8 2.':]
Poor Survival With L‘.HI"u"I+T Better Survival With CRM+

Mo Difference
Naagtegaal et al. JCO 2009




Mesorectal Fascia by treatment

preradiation postradiation
- A 2 Nl ;




Preop Preop
Short RT Long RTCH

pCRM+ 13 % 4 %

p=0.017

Bujko K et al, Radioth Oncol 2006



The majority of RL In the

posterior lower 2/3

of the pelvis

Nijkamp et al IJROBP 2011
Hruby et al. IJROBP 2003



Subsites of local recurrence.

RT + (n = 713)

Presacral
Lateral
Anterior
Anastomosis
Perineum
Unknown
TOTAL

15 (2.0)

Values in parenthesis are 5-year LR-rates, by competing risks analysis.

9 (1.1)

6 (0.7)

5 (0.7)

0 (0)

1 (0.1)
36 (4.6)

RT = preoperative radiotherapy.

RT — (n = 704)

14 (1.9)
14 (1.9)
19 (2.7)
4 (0.6)
2 (0.3)
78 (11.0)

Kusters et al EJCO 2010



o0 the easiest plane of dissection during surgery
o always In radiotherapy fiels

0 boosted region (ERT/IORT)

o no lymphatic tissue In presacral area

Kusters et al BJS 2010



The authors hypothesized that, when mobilizing the
rectum during surgical excision, lymph fluid and tumour
cells low into the lateral lymph node system. As this lateral
lymph tissue is left behind in a standard TME and partly
damaged during sharp dissection of the lateral ligament,
one would expect the basins to start leaking after the
procedure. This lymph fluid, collected presacrally in a
seroma, might give rise to local tumour recurrence.

Kusters et al BJS 2010



5 yrs OS when N+ extra-mesorectal: ~40%

Positive LLN In surgical series: ~15 %
o T stage and location
« Grading
 N+mesorectal

Kusters et al Ann Surg 2009



Radioterapy vs Surgery (LLND*)

same results with less side effects (sexual &
urinary)

*Lateral Lymph Node Dissection

Kusters et al Ann Surg 2009



Relapses In the lateral
spaces In radiological

series: <H%

Recurrent tumor location

Pelvic
wall
Primary tumor Patients Visible Presacral Presacral
level (cm) RT (n) TME mesorectal fat  Anastomotic midline asymmetric Medial | Lateral | Pelvic floor
0-5 All 39 38 8 7 14 12 7 4 19
No 13 13 3 2 3 7 1 1 7
Yes 26 25 5 5 11 5 6 3 12
610 All 20 18 13 10 9 5 5 2 1
No 11 10 6 4 4 4 2 2 0
Yes 9 8 7 6 5 1 3 0 1
11-15 All 24 16 21 16 4 3 5 0 1
No 15 8 13 11 2 2 2 0 1
Yes 9 8 8 5 2 1 3 0 0

Syc et al IJROBP 2008



Late ral Spaces

o

- ]

..l)l)\w ‘ ,-J‘L Tumor location
)YV | - AT, .! 0)/

-y TEE <5 cm to dentate line
< peritoneal reflection

Diameter of rectal tumor
>3Ccm

Takahashi T et Al — Dis Colon Rectum -2000
Steup WH et Al — Eur J Cancer - 2002



Lateral Space

When N+ Moriya Y et Al - World J Surg - 1997
mesorectal Hida J et Al -J Am Coll Surg - 1997



Mesorectal | Mesorectal
Fascia W _ Fascia

CIP Lymphatic
.“L_:f‘f”’//ﬂssue

| i‘-# .
. =)
middlerectal -~ ey
artery/vein ;:4*.&‘*{#

380, -
¥ H'\I\,H . ¥

. &

—— : . . — : : ‘

d Detail, smooth muscle € Detail, lymph tissue
immunostain immunostain

“The middle rectal artery/veins entered the
mesorectum below the peritoneal reflection|[---].
Vessels were accompained by lymph $isSHe. a1 BIS 2010



middle rectal A
artery/vein +
lymphatic vessels

middle rectal
artery/vein +
lymphatic vessels
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Peritoneal Reflection

Kusters et al BJS 2010



Good consensus In subsites to be included
INn the Rectal Cancer CTV

. ow consensus In subsites boundaries

DIFFERENT DELINEATION GUIDELINES!



Revision of literature for LR
ANATOMICAL SUBSITES

No consensus for boudaries

No literature revision
RT CTVs
EXPERT consensus

TF -29.38 TP -36.88

TP —30.88 TP -31.78

TF -37.18 TP -38.98

Myerson RJ et al. IJROBP 2008






SUPERIOR
bifurcation of the IMA into
the sigmoid artery and the
upper rectal artery

ANTERIOR
Denonvillier fascia,recto-vaginal
septum; anterior pelvic organs

Roels et al IJROBP 2006



LATERAL
Mesorectal fascia

INFERIOR
Inserction of the levator ani
muscle into the rectal wall

Roels et al IJROBP 2006



SUPERIOR
Sacral
promontory

POSTERIOR
Sacrum

ANTERIOR
Mesorectum or 1
cm ventral to the
sacrum

INFERIOR
Coccyx

LATERAL
Lateral borders of
the Sacrum

fdp

Roels et al IJROBP 2006



SUPERIOR
Bifurcation of iliac
vessels

POSTERIOR
Sacro-iliac joints

ANTERIOR
ureter

INFERIOR
Where the obt
artery enters in
the obt canal

LATERAL

Psoas; ischium;
piriform; intern ob;
levator ani muscles

fdp

Roels et al IJROBP 2006









—————————> 0% (0/133)

s s ——————> 30 (3/99)

Raflaction

———————————> 9% (33/373)

t Anal Canad (P}

Steup et al EJC 2002



 RL very rare in EIN: 4%
 When positive nodes: 9%
 Found in low seated tumors:
. APR vs LAR = 5% vs 3%

Usually NOT included in the CTV, unless
Invasion of anterior organ

LOW CONSENSUS



Gambacorta MA et al. Multidisciplinary Magement of Rectal Cancer



Gambacorta MA et al. Multidisciplinary Magement of Rectal Cancer



cT3 mid-low
(below the
peritoneal
reflection)

Any cT with
massive positive
internal iliac
nodes

Any cT with
massive positive
obturator nodes
nodes

cT4 with for
anterior pelvic
organ

Gambacorta et al. Multidisciplinary Magement of Rectal Cancer 2012

Extrenal
iliac nodes

Presaral Mesorectum Obturator

sphincter

complex

+

(when
sphincter
infiltration)

+

(when
sphincter
infiltration)

+

(when
sphincter
infiltration)

+

(when
sphincter
infiltration)

ischiorectal

fossae

+

(when direct
tumor
infiltration)

+

(when direct
tumor
infiltration)

+

(when direct
tumor
infiltration)

+

(when direct
tumor
infiltration)



Presaral | Mesorectum | Internal | Obturator Extrenal sphincter | ischiorectal
space iliac nodes iliac nodes complex fossae
nodes

cT3 mid-low
(below the
peritoneal
reflection)

Any cT with
massive positive
internal iliac
nodes

massive positive
obturator nodes
nodes

cT4 with for
anterior pelvic
organ

ot .-

Gambacorta et al. Multidisciplinary Magement of Rectal Cancer 2012



Presaral | Mesorectum Obturator Extrenal sphincter | ischiorectal
space nodes iliac nodes complex fossae

cT3 mid-low
(below the
peritoneal
reflection)

Any cT with
massive positive
internal iliac
nodes

massive positive
obturator nodes
nodes

cT4 with for
anterior pelvic
organ

o -

Gambacorta et al. Multidisciplinary Magement of Rectal Cancer 2012



Presaral | Mesorectum | Internal | Obturator Extrenal sphincter | ischiorectal
space iliac nodes iliac nodes complex fossae
nodes

cT3 mid-low
(below the
peritoneal
reflection)

Any cT with
massive positive
internal iliac
nodes

massive positive
obturator nodes
nodes

cT4 with for
anterior pelvic
organ

ot -

Gambacorta MA et al. Multidisciplinary Magement of Rectal Cancer



CTV modulation

Mid tumor above the PR



CTV modulation

low tumor below the PR

Gambacorta MA et al. Multidisciplinary Magement of Rectal Cancer 2012



CTV modulation

cT4 invading anterior organ
or N+ In the lateral space

Gambacorta MA et al. Multidisciplinary Magement of Rectal Cancer 2012



— IPS has arisk of LR: 4%,
— low seated tumors (<6 cm from the AV): 8%
— after APR: 11%

Rules for inclusion in the CTV

Anal sphincter:
INCLUDE when INFILTRATED and when APR is planned
EXCLUDE when SPHINCTER PRESERVATION is planned

IR fossa:
INCLUDE only in case of direct infiltration

Joye | and Haustermas K et al IJROBP 2014 Roels et al IJROBP 2006



LATERAL
Internal obturator muscles,
Ischial tuberosities

POSTERIOR
coccix gluteal muscles

ANTERIOR
penile bulb

Roels et al IJROBP 2006



Presaral

space

CTV modulation

Mesorectum

Internal
iliac
nodes

Obturator
nodes

Extrenal
iliac nodes

sphincter
complex

ischiorectal

fossae

cT3 high (above
the peritoneal
reflection)

cT3 mid-low
(below the
peritoneal
reflection)

Any cT with
massive positive
internal iliac
nodes

Any cT with
massive positive
obturator nodes
nodes

cT4 with for
anterior pelvic
organ

Gambacorta et al. Multidisciplinary Magement of Rectal Cancer 2012

+

(when
sphincter
infiltration)

+

(when
sphincter
infiltration)

+

(when
sphincter
infiltration)

+

(when
sphincter
infiltration)

+

(when direct
tumor
infiltration)

+

(when direct
tumor
infiltration)

+

(when direct
tumor
infiltration)

+

(when direct
tumor
infiltration)



RL very rare in IN: 1%
Found In low seated tumors

Usually included in the CTV, In RC invading the
anus, lower third of the vagina.

LOW CONSENSUS

Roels et al [IJIROBP 2006
Myerson et al IJROBP 2009



Shape variation

Set-up
Prone up to 0.24 cm
left-right direction

Supine < 0.1 cm
Pts are more stable!

Nijkamp J et al. Radiother Oncol 2009



 Refer to GUIDELINES to reduce variability
« Modulate CTV according to T stage and T location

e Account for CTV shape variations: ant-sup
mesorectum

« SET-UP:
Prone position + belly board + full bladder:
(less SB) in 3D

Supine position: (MORE STABLE) in IMRT



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




Radiotherapy and Oncology June
2014 111(3):330-339, Annals
“(Oncology

Annals of Oncology 00: 1-11,2014

clinical practice guidelines TR

Radiotherapy

Anal cancer: ESMO-ESSO-ESTRO Clinical Practice
Guidelines for diagnosis, treatment and follow-up'

R. Glynne-Jones', P. J. Nilsson?, C. Aschele®, V. Goh?, D. Peiffert>, A. Cervantes® & D. Arnold”™

" Centre for Cancer Treatment, Mount \iernon Hospital, Northwood, Middlesex, UK; “Department of Molecular Medicine and Surgery, Karolinska Instituet and Center for :::-7_- o

Surgical Gastroenterology, Karolnska University Hospital, Stockholm, Sweden; “Medical Oncology and Hematology, Felettino Hospital, La Spezia, taly; *Division of

Imaging Sciences and Biomedical Engineering, King’s College London, London, UK; ® Department of Radiotherapy, Centre Alexis \Vautrin, Vandoeuvre-lés-Nancy, France; J_ﬁ B
®Department of Hematology and Medical Oncology, INCLIVA, University of Valencia, Valencia, Spain; “Kiinik fiir Tumorbiologie, Freiburg, Germany

The columnar, or cylindric, epithelium of RNy

the rectum extends to about 1 cm above | '. *‘ % —
the dentate line where the anal transitional ~—— e—
zone begins. nal cana

Below the dentate line the epithelium is all
squamous.

External sphincter
- Dentate line

Internal sphincter

Analmargin[ S -

The anal margin is the pigmented skin immediately surrounding the
anal orifice, extending laterally to a radius of approximately 5 cm.


http://annonc.oxfordjournals.org/content/current

LYMPHATIC PATHWAYS

| I I i
Exterrial 68 ———— g My

sphincler musge

Perirectal, superior hemorroidal and inferior mesenteric nodes
Internal pudendal, hypogastric and obturator nodes
Inguinal, femoral and external iliac nodes



The overall risk of regional nodal involvement at diagnosis is about 25%.

are identified in fewer
than 10% of patients.




The finding in surgical series of histopathologically verified
metastases in the pararectal and internal iliac nodes in up to 30%

and in inguinal nodes in up to 20% has encouraged most centers to
irradiate these node groups electively.

As a result,
planning target volumes
may be extensive.

Only well-differentiated squamous cell cancers <2 cm in size
situated in the distal canal appear to have a risk of nodal
metastases <5%.



PROPHYLACTIC INGUINAL IRRADIATION

1,07 5@ CRIR In the PIT group 5-year CRIR
was significantly lower (p=

aa 0.006)

0,87

In the PII group, no Grade >2

~— No prophylactic inguinal irradiation toxicity of the lower extremity

=
R

— Prophylactic inguinal irradiation was observed

97 p=0.006

0,5 In the no PII group, the
5-year CRIR was 12% and 30%

0,47 for T1-T2 and T3-T4
respectively (p = 0.02).

il 16%

0,2 : In the PIT group, the 5-year

Cumulated rate of inguinal recurrence

[=
-
|

T ‘ CRIR was not different in T1-2
21:/o vs T3-4 (Oo/o VS 30/0)

I L | | I I L |

0 12 24 36 48 €0 72 B84 96 165 1&.; PITI didn't affect OS and DFS

o
'l?

Time (months)

C. ORTHOLAN et al. Int. J. Radiation Oncology Biol. Phys., 2012



Critical issues: inguinal nodes

Elamans

< Th i | T mne
: .

J. L. Wright et al, Int. J. Radiation Oncology Biol. Phys. 2010
P. Das et al, Int. J. Radiation Oncology Biol. Phys. 2007



With the advent of CT-
planning

and conformal radiation
techniques including IMRT,

comes the prerequisite

for accurate and

consistent contouring of
target volumes.

g




Clinical Investigation: Gastrointestinal Cancer

RTOG 0529: A Phase 2 Evaluation of Dose-Painted
Intensity Modulated Radiation Therapy in Combination
With 5-Fluorouracil and Mitomycin-C for the Reduction
of Acute Morbidity in Carcinoma of the Anal Canal

Kachnic LA, Winter K, Myerson RJ, et al. Int J Radiat Oncol Biol Phys. 2013
-

Radiation Oncol Y

i

GTVA included the primary anal tumor

Involved nodal CTVs:
CTVN 50 metastatic nodal regions <3 cm;
and CTVN 54 metastatic nodal regions > 3
cm.

/
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Clinical Investigation: Gastrointestinal Cancer

RTOG 0529: A Phase 2 Evaluation of Dose-Painted
Intensity Modulated Radiation Therapy in Combination
With 5-Fluorouracil and Mitomycin-C for the Reduction
of Acute Morbidity in Carcinoma of the Anal Canal

Kachnic LA, Winter K, Myerson RJ, et al. Int J Radiat Oncol Biol Phys. 2013
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CLINICAL INVESTIGATION Rectum

ELECTIVE CLINICAL TARGET VOLUMES FOR CONFORMAL THERAPY IN
ANORECTAL CANCER: A RADIATION THERAPY ONCOLOGY GROUP CONSENSUS
PANEL CONTOURING ATLAS

Elective nodal CTVs

CTVA: internal iliac, pre-sacral, peri-rectal.
CTVB: external iliac nodal region
CTVC: inguinal nodal region

LIMITATIONS:
*no clear definition of the different
anatomical boundaries

Myerson RJ, Garofalo MC, El Naqa I, et al. Int J Radiat Oncol Biol Phys. 2009



CLINICAL INVESTIGATION Rectum =

=

ELECTIVE CLINICAL TARGET VOLUMES FOR CONFORMAL THERAPY IN
ANORECTAL CANCER: A RADIATION THERAPY ONCOLOGY GROUP CONSENSUS
PANEL CONTOURING ATLAS

Cranial:

e Bifurcation of the common iliac vessels into external/internal iliacs
(bony landmark: sacral promontory)

* Recto-sigmoid junction

Anterior:

e 1 cm anterior to the sacrum sup
Perirectal fascia

1 cm into the bladder
Pelvic organs Vv inf

Lateral and posterior:
e Pelvic side-wall muscles or bones

Caudal:
Anal canal + 2 cm around, the anal verge
Anal skin involved + 2 cm beyond

Myerson RJ, Garofalo MC, El Naqa I, et al. Int J Radiat Oncol Biol Phys. 2009



CLINICAL INVESTIGATION Rectum =

=

ELECTIVE CLINICAL TARGET VOLUMES FOR CONFORMAL THERAPY IN
ANORECTAL CANCER: A RADIATION THERAPY ONCOLOGY GROUP CONSENSUS
PANEL CONTOURING ATLAS

CTVB: external iliac nodal region

Cranial:

Bifurcation of the common iliac vessels into external/internal iliacs
(bony landmark: sacral promontory)

Anterior-medial:

0.7-0.8 cm around the vessels

>1 cm antero-laterally in case of small vessels or nodes are identified
in this area

Lateral:

Muscles and pelvic bones

Posterior:

CTVA

Caudal:

caudad edge of internal obturator vessels (bony landmark: upper edge of the
superior rami pubic)

Myerson RJ, Garofalo MC, El Naqa I, et al. Int J Radiat Oncol Biol Phys. 2009



CLINICAL INVESTIGATION

Rectum

ELECTIVE CLINICAL TARGET VOLUMES FOR CONFORMAL THERAPY IN
ANORECTAL CANCER: A RADIATION THERAPY ONCOLOGY GROUP CONSENSUS

PANEL CONTOURING ATLAS

CTVC: inguinal nodal region

Cranial:

caudad edge of internal obturator vessels (bony landmark:
upper edge of the superior rami pubic)

Caudal:

2 cm below the saphenous-femural junction

Margin around the vessels:

The inguinal femural region should be contoured as a
compartment with any identified nodes (expecially in the lateral
iInguinal region) included

IF AUTOMATED EXPANSION ARE
USED, THE CTV SHOULD BE
TRIMMED OFF UNINVOLVED
Myerson RJ, GarofgloYAGEIMNagd I\t p5ENT JFRadiat Oncol Biol Phys. 2009



Clinical Investigation: Gastrointestinal Cancer

EE;:-?._]_i.:lj:i::_l_l"n Uncology

Australasian Gastrointestinal Trials Group (AGITG)
Contouring Atlas and Planning Guidelines for

Intensity-Modulated Radiotherapy in Anal Cancer
M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012
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ISCHIORECTAL FOSSA
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ISCHIORECTAL FOSSA

Cranial = levator ani, gluteus
maximus, and obturator internus

Anterior = at the level where the
obturator internus muscle, levator
ani, and anal sphincter muscles fuse.

Posterior = a transverse plane joining
the anterior edge of the medial walls
of the gluteus maximus muscle.

Lateral =, obturator internus, ischial
tuberosity and gluteus maximus
muscles

Caudal =at the level of the anal verge

M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012



OBTURATOR LYMPH NODES

Along the obturator artery, a branch of the internal iliac artery that
usually starts at the level of the acetabulum, and exits via the
obturator canal.

Cranial = 3 Yo 5 mm cranial to the obturator
canal where the
obturator artery is sometimes visible.

Caudal =The obturator canal where the
obturator artery has exited the pelvis.

B-Bladder. F.a-Femoral artery. Fv-Femoral vein. S.m-Sartorius. O.a-Obturator artery. Ob.m - Ob AnTet"IOI" - The an-‘-er.lor. ex-l-en-l- of -rhe
obturator internus muscle.

Posterior = The internal iliac lymph node
group.

Lateral = The obturator internus muscle.

......

Medial = The bladder.

R-Rectum. B-Bladder. F.a-Femoral artery. F.v-Femoral vein. S.m-Sartorius. Pm-Pectineus m

M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012



EXTERNAL ILIAC LYMPH NODES

Cranial = Bifurcation of the common iliac
artery into the
external and internal iliac arteries.

Lateral =The iliopsoas muscle

Medially = the bladder or a 7-mm margin
around the vessels

Anterior = A 7-mm margin anterior to
the external iliac vessels, 1.5 cm antero-
laterally along the iliopsoas muscle to
include the antero-lateral nodes

Posterior = The internal iliac lymph node
group

Caudal =The level where the external
iliac vessels are still located within the
bony pelvis before continuing as the
SIS TS T femoral. This transition usually occurs
between the acetabulum's roof and the
superior pubic rami

M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012
Taylor A et al. Clin Oncol (R Coll Radiol). 2007



INGUINAL LYMPH NODES |

« Is an area bounded posteriorly by 'Lt
triangle formed by ilio-psoas,
pectineus and abductor longus
muscles

IlioPsoas

Pectineus

Sartorius

« At least a margin of 1-2 cm around

the vessels antero-laterally should
be added

Adductor
Longus

« Superficial and deep nodes and
any visible node or lymphcoeles
outside the folowing boundaries
should be included

Taylor A et al. Clin Oncol (R Coll Radiol). 2007
M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012
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INGUINAL LYMPH NODES |

External lliac nodal CTY Inguinal nodal CTVY

Cranial =The level where the external iliac
artery leaves the bony pelvis to become the
femoral artery (acetabulum roof and superior
pubic rami)

Shce below

Caudal = lower edge of the ischial
tuberosities

........

A-Anal canal. Sp.m-5phincter muscles. IRF-Ischiorectal fossa. F.a-femoral artery. F.v-Femoral vein

Taylor A et al. Clin Oncol (R Coll Radiol). 2007
M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012




INGUINAL LYMPH NODES |

Posterior =The bed of the femoral
triangle is formed by the iliopsoas,
pectineus, and adductor longus muscles.

Anterior = on the inguinal vessels + 20
mm, inclusive of any visible lymph nodes
or lymphocoeles

------

Lateral = The medial edge of sartorius
or iliopsoas

------

Medial = A 10- to 20-mm margin around

the femoral vessels. The medial third to
half of the pectineus or adductor longus
muscle serves as an approximate border. R

M. Ng, et al. (AGITG) Int J Radlcmon Oncol Biol Phys 2012
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Clinical Investigation: Gastrointestinal Cancer

EE;:;?il_i.:ifl,iiF_l_l"l Uncology

Australasian Gastrointestinal Trials Group (AGITG)
Contouring Atlas and Planning Guidelines for

Intensity-Modulated Radiotherapy in Anal Cancer
M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012

CTV-T
« GTV
 entire anal canal
e internal and external sphinter
« 20 mm isotropic margin, while
respecting anatomical
boudaries

M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012



Row B - Abd CT 5.0 B30s

FET wWH [Transformed Cbject]
Row C-Abd.CT 5.0 B30s

For very advanced anal or rectal cancers, extending through
the mesorectum or the levators, the group's recommendation is
to add ~2 cm margin up to bone wherever the cancer extends
beyond the usual compartments.

An MRT and/or PET/CT scan is strongly recommended
in such cases.

Myerson RJ, Garofalo MC, El Naqa I, et al. Int J Radiat Oncol Biol Phys. 2009
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Clinical Investigation: Gastrointestinal Cancer

FE:. 'Ih:] i1_31;‘i_l;__'llll'] Cncol ey

Australasian Gastrointestinal Trials Group (AGITG)
Contouring Atlas and Planning Guidelines for
Intensity-Modulated Radiotherapy in Anal Cancer S
M. Ng, et al. (AGIT6) Int J Radiation Oncol Biol Phys, 2012 S

CLINICAL TARGET VOLUME FOR GROSS DISEASE

INVOLVED NODE(S)

CTV-N
Involved nodes + 10-20
mm ispotropic margin,
respecting anatomical
boundaries.

M. Ng, et al. (AGITG) Int J Radiation Oncol Biol Phys, 2012



PTV

* An isotropic 10-mm expansion is recommended
on CTVs to generate PTVs.

* Daily image guidance is recommended for IMRT,
especially prone patients, which may allow
CTVePTV margin reduction to 5- to 7-mm.



Rectal cancer guidelines:
what Is going on...
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Rectal Cancer Delineation Guidelines
AGREEMENT and DISAGREEMENT



GUIDELINE METHOD TUMOR T-stage IMAGIN | POSITION | SUBSITE | RECOMME
SITE G S NDATIONS

BELGIUM Site of Rectum | none CT-MR Supine yes yes
2006-2015 | recurrence

Expert

review
RTOG-USA | Delineation Ano- cT3N2 CT Prone CTV yes
2009 comnparison | Rectum

Consensus
AGITG- Consensus Anus CT2NO CT Supine yes yes
Australia anus GTV
2012 OAR
DUTCH Delineation Rectum | Early CT-MR Supine yes yes
2012 comparison stage

Consensus
UCSC Experts Rectum | none CT- Prone yes yes
Italy review visible
2004-2012 human
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Elective Nodes Atlas

GUIDELI subsites
NES : :
Mesorect | Presacra | SC and Lateral Intiernal | Obturato | External | Inguinal
um | space IRF nodes iliac r nodes | iliac nodes
nodes nodes
BELGIUM Lateral Lateral
+ + + + nodes nodes - B
RTOG- CTVA CTVA CTVA CTVA CTVA CTVA CTVB CTVC
USA CTVB
AGITG- Internal-
Australia + + + obturator + + + +
-external
nodes
DUTCH Mesorect | Internal-
2012 + + um obturator + + + -
nodes
UCSC Internal-
Italy + + + obturator + + + -
-external
nodes
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Experts delineation
according different GL

Differences in CTV definition
Difference in boundaries



ESTRO
ASTRO- AGITG-EORTC
Multi-Society Guidelines Working Group

AIM of the project:
to generate
COMMON DELINEATION
GUIDELINES in RECTAL CANCER



© © N ©

THE PROCESS OF AGREEMENT

EXPERTS IN RECTAL CANCER WHO PUBLISHED GUIDELINES (ESTRO, ASTRO, TROG,
EORTC)

SUMMARY OF PUBLISHED GUIDELINES
SELETION OF CASES: 7 most common presentation
DELINEATIONS on FALCON PLATFORM according to different GL

LIVE MEETING
AGREEMENT OF SUBSITES: PS, M, LLN, EIN, IN, SC, IRF

AGREEMENT OF SUBSITES TO INCLUDE IN THE CTV ACCORDING TO T
RE-DELINEATION of cases according to new GUIDELINES

ATLAS of 7 “tipical cases’ on FALCON

PRESENTATION at ESTRO meeting in Turin

. Accepted for publication on GREEN JOURNAL



SELECTED CASES

cT3 MRF - mid rectum

cT3 MRF - low rectum

cl3 MRF +

cT4 with anterior pelvic organ infiltration
cT4with infiltration of the anal canal

cT4 N2 with extramesorectal lymphnode

cT4 with external anal sphincter infitration
and IRF



Motion
Margin from CTV to PTV

Margin for rectum



During planning CT -> systematic error
During treatment -> random error

3 mm SD




all incm systematic errors squared Fandom errors  squared
2 c

delineation 1 1.00

organ motion 4 16.00 4 16.00
setup error 3 9.00 3 9.00
total error 5.10 26.00 5.00 25.00

times 2.5 times 0.7
error margin 12.75 3.50
total CTV-PTV margin 16.25



Treatrmert aroup 1Y, [owe dose group (679 Gyl Treatrrent graup 114V, hich dose group 7.9 Gy)

4 00— .00 —
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00— 0,00 —
I T I I | ! I ' I T T | T | I ] ! |
0 i< EX 95 o
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Tirne (mwuilhs) Time (months)

Risk+ = Full rectum at Elannini



 Planned rectum differs from treated rectum

* In 50% of the cases organ motion moves rectum
closer during treatment > Higher dose

* In 50% of the cases organ motion moves rectum
away during treatment - Lower dose

On average the planning system predicts the rectum
dose correctly

« Therefore no PRV margin is needed
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1. Discussion of questions (Vincent)

2. Anatomy (Brendan)
1. CT alone
2. CT+MR
3. Questions by VK to BC

3. Slice by slice disc (All)

1. Individuals
2. Groups
3. Vincent/Brendan

4. Remaining questions? (Vincent)



Advanced imaging for target
delineation, treatment planning &

IGRT.

Gert De Meerleer
M.D., Ph.D.
Radiation Oncology
Gent University Hospital
Belgium



1600 radiation oncologists
randomly selected

Included as contactable if
had valid fax number or
email address listed

511 uncontactable

1089 contactable

Included as a respondent if
replied to fax or email

695 nonrespondents

394 respondents

Included as evaluable if
was still actively
practicing and completed
survey

8 unevaluable

386 evaluable

Simpson et al, 2009
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Two anti-parallel 511 ke
phatons produced

e

Posltron comblnes with
electron and annihilates

Unstable pnm?\‘\

nucleus

Proton decays to

newutron in nucheus -
prosd brom sl
meutrino em itted

GV



Isotope distribution

Annihilation event

;"ﬁ‘s M J'h'\ M Channel 1

AL/ AN A Chamet

Summed
Channel

coincidence events
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This figure illustrates some of the many approaches employed in developing therapeutics tarpsted to the known and
emerging hallmarks of cancer.

EGFR indicates epidermal growth factor receptor; CTLAS, eytotoxic T lymphooyte-associated antigen 4;
mAb, monoclonal antibody, HGF, hepatocyte growth factor; VEGF, vascular endothellal growth factor;
PARP, poly{ADP ribose) polymerass,

Sowrce: Hanekan D, Wemberg RA. Hallmarks of cancer: the naxt generation, Cell, 2011; W4 6d6-574. Reprinted with parmission.

GV
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Autoradiography
(50 pm)

microPET
(1.5 mm)

PET
(5-7 mm)
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Radio- Depicted ~ Possible RT-  Clinically relevant  Evidence for Use in/state of evaluation
pharmaceutical parameter  application neoplasms diagnostic value  for RT planning
FDG Glucose Tumour For example, lung ~ Given for Probable, ongoing
metabolism  delineation cancer Head and various tumours  randomized clinical
neck cancer in staging and  studies
Esophageal Ca restaging
Lymphomas
AA Protein Tumour Primary and Given for brain  Probable, ongoing
metabolism  delineation recurrent brain tumours in randomized clinical
tumours staging and studies
restaging
MISO Hypoxia Hypoxic HNC (SCC), Under Promising, practical
subvolume NSCLC, Glioma, evaluation implication not yet
others defined

GV



\WiaVate

— based on increased uptake in tumour cells showing increased glucose
metabolism

— “Metabolic trapping”

Plasma Tissue
Hexokinase
Glucose Glucose 4__’ G-6-phosphate
G-6-phosphatase
GLUT Glycolysis

Hexokinase

FDG 4—8—» FDG 4_' FDG-6-phosphate

G-6-phosphatase Metabolic trapping




o 11C-choline — 8F-choline

— marker of cell membrane turnover

— based on increased phospholipid synthesis in tumour cells showing

upregulation of choline kinase

|

i %mmﬁ({Rﬂm&rmﬁfmm
UL (RIS

= = D2 2 =

2 phosphatidylzerine transmembrane protein
e phasphathdylethannlamme
& phosphatidylcholine

sphingomyelin

= glycolipids
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 11C-methionine
— marker of proteine synthesis (essential AA)

— based on increased cellular proliferation in tumour cells
showing increased amino acid transport

— > prain tumors

o BFE-MISO /18F-HX4 / 18F-AZA
— nitroimidazoles, markers of tumor cell hypoxia

— based on reduction of marker and accumulation under
hypoxic conditions

— > head-and-neck, (N)SCLC



 l1C-acetate
— marker of lipid metabolism

— based on increased fatty acid synthesis in tumour cells
showing overexpression of fatty acid synthase

— very similar to 1*C-choline (also few urinary excretion)

« 58Ga-PSMA
— Glycoprotein with enzymatic function (NAAG to glutamate & NAA)
— marker of lipid metabolism

— based on increased fatty acid synthesis in tumour cells
showing overexpression of fatty acid synthase



PROSTATE

RECTUM




Advantage MR unequivocal
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Advantage MR unequivocal
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Edema can be treatment related




L-(METHYL-11C) METHIONINE POSITRON EMISSION TOMOGRAPHY FOR
TARGET DELINEATION IN RESECTED HIGH-GRADE GLIOMAS
BEFORE RADIOTHERAPY

ANCA-LiGiA Grosu, M.D..* WOLFGANG A. WEBER, M.D.."' Eva RIEDEL. M.D..*
BrANISLAV JEREMIC., M.D..* CARSTEN NIEDER, M D * MARTINA FRANZ,*

HArRTMUT GUMPRECHT, M.D., RUPRECHT JAEGER, M.D.." > MARKUS SCHWAIGER, M. D..
anl"\ hﬂkl AET h/'ﬁ‘ll(‘ hﬂ n'-'

1 LA, LYAMNL LD AYL.LS,

7
C
-
-
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=  Composite Vol MRI and PET

= Vol PET

VolMRI  (Both T1/T2)

= Vol PET minus MRI

= Common Vol MRI and PET

= Vol MRI minus PET
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71 MR1 MET-PET

Gd enhancement MET uptake No MET uptake
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= Composite Vol MRI and PET

= Vol PET

- >
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O = Vol MRI
«

@
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= Vol PET minus MRI

=  Common Vol MRI and PET

= Vol MRI minus PET




MR vs. MET-PET

/ \

+: total extent of associated pathological changes +: extent of viable tumor
preferred: Gd contrast methionine

CTV-Gd (2mm)
CTV-Gd (5mm)g:7
CTV-Gd (10mm) =z
CTV-Gd 20mm) =t

CTV-T2

CTV-T2 (2mm) A8 \ .
CTV-T2 (5Smm) AR A : : A.Gd-MRI | B. MET-PET
TV T2 (1 [m L = D. MET-PET

TV-T2 (20mm)




Other PET tracers

FET-PET

P<0.001

S ‘.,:4_*.-.‘7‘ %1'!’:‘ ——MRI
3T RBCEY —=—MRI + FET PET
A

Reactive tissue

- (%
el

-
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FET-PET vs. FDG-PET

N=43 glioma patients (LGG / HGG)

- FET: uptake in 37 patients
- FDG: uptake in 15 patients

- FET: ok for delineation in all
- FDG: problem: gray matter!

b Wi sarsadiraal oo P—
ScienceDirect MEDICINE




Other PET tracers




HEAD & NECK

FDG PET-CT: does it holds its promise?

GV
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Oropharyngeal cancer:
Delineations ~ imaging tool

Primary GTVs

Largest variations in T3-4

6 7 8

9 10 11 12 13 14 15 16 17 18 19 20
Patie nt Number

BCcT
B PET-CT
O Overlap volume

Chatterjee 2012



Volume (mils)

8 3 8 8

8

o 8 & 8 8

Oropharyngeal cancer:
Delineations ~ imaging tool

Nodal GTVs

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Patient Number

acT

BPET-CT
EOverlap Volume

Chatterjee 2012



PET segmentation tools

Available methods

Visual / manual

SUV (different versions)
% of tumor activity

% of background activity
Ratio tumor - background
Advanced algorithms

This choice is not trivial !

Fixed SUV is not suitable
Volume depends on method
Inter-observer variation
Insufficient validation

Choose and standardize
a method in your center!

Schinagl 2007 -



IS THERE a ROLE for MRI?




IS PET-CT the HOLY GRALE?

Problem: 30-50% of PET NO contains tumor cells (AP)!
(Thiagarajan et al. 2011)




POSSIBLE IMPLICATIONS IN

Area for SIB

Elective dose




SUV 2.5

/ 20% maximum

S— 3% maximum

P
__',\
- . 40% maximum
«

g

maximum




Figure 4. SCC in the right ronsil (T3NOMO)
of a 65-year-old man. (a, b) Axial CT image
obtained for radiation therapy planning (a) and
deformably coregistered axial T'1-weighted MR
image (b) show GTVs generated independently

from each imngP data set. Deformable corecistra-

2 Ralll Allagh Liala oL, LRI iale LUk s

tion of b with a was performed by using the same
diagnostic software as in Figure 2. (¢) Axial FDG
PET image shows a composite of the GTVs that
was contoured manually at image interpretation.
Contour lines are color coded to show the imag-
ing modality on which they are based (green =

CT, blue = MR imaging, orange = PET).

- "
- -
X

GV






A critical note ...

Is Image Registration of Fluorodeoxyglucose—Positron
Emission Tomography/Computed Tomography for
Head-and-Neck Cancer Treatment Planning Necessary?

David Fried, B.S.,* Michael Lawrence, Ph.D.,* Amir H. Khandani, M.D.,T _
Julian Rosenman, M.D., Ph.D.,*"* Tim Cullip, M.S.,* and Bhishamjit S. Chera, M.D.*"*

Conclusions: PET and CT-defined tumor volumes received similar RT doses despite having less
than complete overlap and the inaccuracies of image registration. LRF correlated with both CT
and PET-defined volumes. The dosimetry for PET- and/or CT-based tumor volumes was not
significantly inferior in patients with LRFE. CT-based delineation alone may be sufficient
for treatment planning in patients with HNSCC. Image registration of FDG-PET may not be
necessary. © 2012 Elsevier Inc.

IJROBP 2012



disadvantage

advantage




Week 4 Week 5

Fractionated
Chemo-Radiotherapy

FDG-PET/CT O
FMISO-PET/CT

0 Gy
[18F]Misonidazol

ﬁ"\'-.,l

Zips 2012




(b) 8- 10 Gy

(a) baseline

group2 = 0 (TBRmax < 2.16)

groupl = 0 (TBRmax < 2.23)
group2 = 1 (TBRmax >= 2.16)

groupl = 1 (TBRmax >= 2.23)
0.00

0.00_
0
Number at risk
groupl =0 12 1
groupl =1 13

36

(c) 18 - 20 Gy

T T T

48 60 0
Number at risk

group2=0 11

1
group2 =1 11

0
1 0

(d) 51 - 57 Gy

36 48
2 1
2 1

1.005—“_
1
L
|

0.75 !

group3 = 0 (TBRmax < 1.93)
group3 = 1 (TBRmMax >= 1.93)

0.0
0

Number at risk
group3 =0 11
group3 =1 11

36

3
0

v .

48 60
Number at risk

0 0 groupd =0 12

0 0 groupd =1 12

Analysis time (months)

group4 = 0 (TBRmax < 1.66)
group4 = 1 (TBRmax >= 1.66)

T T T
36 48 60
3 1 0
2 1 0

Zips 2012




by one observer

FMISO-hypoxic volume changes during the course of
RCHT




LUNG CANCER

GV



PET can change staging & delineation

N=167

Pre-PET stage No. of patients  No. with metastasis %

Stage 1A 21 0 0
Stage 1B 18 3 17
All Stage 1 39 3 8
Stage [1A 6 1 17
Stage 1B 22 4 18
All Stage II 28 5 18
Stage I1TA 62 16 26
Stage [IIB 38 8 21
All Stage III 100 24 24

MacManus 2001




PET can change staging & delineation

PET -: APD confirmed




Pr. No. CT scan PET scan Pathologic examination

1 0 i) 0
2 0 2 2
3 0 2 2
4 0 0 2
5 0 0 1
6 0 0 2
7 2 2 0
8 2 2 2
9 0 0 | 32 patients
10 0 0 0
1 2 2 2 Changes in TN stage between CT and PET:
12 0 0 0 . n—
13 0 0 8 For T: n=6
14 [ 2 | 2 - For N: n=9
15 0 0 0
16 0 0 0
17 0 0 2 APD confirmation in 7 N:
o ) ! 0 - 3 higher N (red)
20 0 0 1 - 4 lower N (green)
21 0 0 0
p.2) 0 0 0
23 | 2 1| |
24 0 0 0
25 0 0 0
26 0 1 I
27 3 3 2
28 2 0 I
29 2 0 0
30 0 0 0
31 |1 0 | 0
32 0 0 1

Faria et al. 2008



FDG [SUV]

HX4 PET/CT

0.5

10 15 20 25
HX4 [TBR]

FDG [SUV]

T
0.5

10 15
HX4 [TBR]

FDG-PET/CT

FDG [SUV]

HX4-HV
FDG-HV

10 15
HX4 [TBR]

2.0 25

Zegers et al. 2014



PROSTATE CANCER

GV



Imaging of T




Prostate Cancer Staging

Extracapsular Tumor Spread

7z e\

Capsular penetration = irregular capsular bulge
OR infiltration of periprostatic fat OR
neurovascular bundle asymmetry




Prostate Cancer Staging

Seminal Vesicle Involvement

"
.tf'. .

Seminal vesicle invasion =
abnormally low signal intensity within lumen/
focal thickening of seminal vesicle wall




Biochemical control (%)

MRI and its role in prognosis

L

B0 4

6 +

Time since radiotherapy (vears)

Fig. 1 — Biochemical control by clinical T stage.

Jackson et al. 2005; Clin Oncol: 167-71.




Cellini et al, IJROBP 2002; 53:595-599: 12/12 local failures in the prostate.




Speight et al. 2007; JCO: 62-69.



Dynamic Contrast-Enhanced MRI

Assessment of Angiogenesis

Angiogenic Factors Increased in- en efflux
Expanded extracellular space
Increased extravasation

'DJ

Growth of existing vessels
De novo angiogenesis

Abnormal configuration: AV- Earlier onset of enhancement
shunts and defective endothelium Increased slope




Prostate cancer diagnosis with dCE




Diffusion Weighted Imaging




Imaging of N

GV



Prostate Cancer Stagin
Lymphatic Spread

O
O

Lymph Node Staging
Oval node > 10 mm
Round node > 8 mm




(“ultra small particles of iron oxide™)

Nanoparticles
Ferumoxtran-10
Sinerem®
Combidex®




61

IV injection of USPIO
(“ultra small particles of iron oxide™)
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IV injection of USPIO
(“ultra small particles of iron oxide™)

Captation in reticulo-
endothelial system

Detection limit
up to 4 mm!




* The eternal “promise”. PET




Can imaging help?

Nn=36; 10-35% Partin
PN+: 47%

GV



DWi

Detection rate for macro LN: 35%

Choline Pet CT

Detection rate for macro LN: 18%




66
Giovacchini et al. Eur J Nucl Med Mol Imaging 2010; 37: 1106-1116.



11 C-choline PET and local relapse

11 C-choline PET and lymph node relapse




Patients with PSA recurrence after radical prostatectomy

N=47
All underwent MRL
Aim: search for abberant nodes

Meijer et al. IJROBP
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Change in
treatment in
30%



CERVIX CANCER






Pre — treatment investigations: magnetic resonance very useful




saqgital view of dose distribution




RECTAL CANCER



Union

Intersection




MRI PET




THM

- Both MRI and PET improved target delineation
- MRI: use preferentially in:

- Cervix

- rectum

- prostate (prim)

- brain / H&N if combined with PET

- PET: use preferentially in:
- brain (no FDG), but combine with MRI
- H&N (FDG / MISO)
- prostate (no prim setting, choline in relapse, postop)
- lung
- rectum (sorry for limited data)
- esophagus (?), pancreas (?)



Words of caution

Modality Repeats
« Planning CT /MR 1-2
« Additional PET 1

Radiation treatment 25 —-50




Words of caution




Words of caution

v

Recommendations
= Accept a learning curve for patient positioning

= Collaborate with radiotherapy department staff
= Train a dedicated PET planning staff



Words of caution

e PET resEARch 4 Life (EARL)
 Developed in 2010 by the EANM

e Until july 2014, 96 centers had their
PET-CT scanners accredited.

Aims:

 Independent quality control by experts in the field of imaging;

 Comparable scanner output between centers, harmonisation of
acquisition and interpretation of FDG-PET/CT scans;

* Accurate, reproducible und quantitative assessment;

e Quality certificate of accredited EARL-users.



Words of caution

* Quality assurance of anatomical and functional MR imaging



TVD for cervical cancer: primary setting



Target volume : defined by “risk of relapse”

4

Interactive atlas of human anatomy



Target volume : defined by “risk of relapse”

4

Interactive atlas of human anatomy



Gross tumor volume



Correct TVD starts with optimal imaging




Correct TVD starts with optimal imaging

T2w MRI
- T-staging




Correct TVD starts with optimal imaging

T2w MRI
- T-staging

DWI MRI
- T & N-staging




Correct TVD starts with optimal imaging

18 FDG PET-CT:

- Primary tumor
- Lymph nodes
T2w MRI | - high sensitivity

- T-staging dlg : - high specificity

DWI MRI
- T & N-staging




Magnetic resonance: recommendations from GEC-ESTRO

Spasmolytic agent (IV / IM)

3 b)
1




1.5 Tesla 0.2 Tesla




Correct TVD starts with optimal imaging

T

LE !

18 FDG PET-CT:

- Primary tumor
- Lymph nodes
T2w MRI | - high sensitivity

- T-staging & : - high specificity

DWI MRI
- T & N-staging




Clinical target volume



Uterovaginal compartiment

Product of differentiation of the Mullerian canal



Uterovaginal compartiment

Product of differentiation of the Mullerian canal

Sex differentiation

Bipotential
gonad

Female duct—*//
(Mdllerian) | |
Male duct
(Wolffian)

Urogenital
sinus

Y"

(\U O\.rarles\-ff \\
Oviduct

_/ Bladder ‘4‘.]--}

Uterus {
\

Testes

Epididymis

Bladder Vas deferens

Seminal
vesicle

Cervix
Vagina

Prostate

Katie Vicari



Uterovaginal compartiment

Product of differentiation|of the Mullerian canal

+ GTV




Uterovaginal compartiment

Product of differentiation|of the Mullerian canal

+ GTV

Upper 1/3 when no macro invasion

if macro invasion: + 2 cm




Pelvic lymph nodes delineation
CTV definition-lymph nodes

MAPPING PELVIC LYMPH NODES: GUIDELINES FOR DELINEATION IN
INTENSITY-MODULATED RADIOTHERAPY

CTV LN delineation
= \essels + 7 mm

|. Barillot



Target volume delineation

(stage I11A)

Parametria

External iliac













Major issue: healthy tissue

Intestines




Major issue: healthy tissue

Intestinal

Urological




Major issue: healthy tissue

Urological

Hematological




Major issue: healthy tissue







PTV margins??

Int. J. Radiation Oncology Biol. Phys., Vol. 80, No. 1, pp. 273-280, 2011
Copyright © 2011 Elsevier Inc.

Printed in the USA. All rights reserved

0360-3016/S—see front matter

ELSEVIER doi:10.1016/j.ijrobp.2010.06.003

PHYSICS CONTRIBUTION

DAILY ONLINE CONE BEAM COMPUTED TOMOGRAPHY TO ASSESS
INTERFRACTIONAL MOTION IN PATIENTS WITH INTACT CERVICAL CANCER

NEeLAM Tyacl, PH.D., JouNn H. LEwis. M.S., CATHERYN M. YASHAR, M.D..
DaNIEL Vo, STEVE B. JIANG, PH.D., ArNO J. MuNDT, M.D.. AND LOREN K. MELL, M.D.
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Int. J. Radiation Oncology Biol. Phys., Vol. 80, No. 1, pp. 273-280, 2011
Copyright © 2011 Elsevier Inc.

Printed in the USA. All rights reserved

0360-3016/S—see front matter

doi:10.1016/j.ijrobp.2010.06.003

PHYSICS CONTRIBUTION

DAILY ONLINE CONE BEAM COMPUTED TOMOGRAPHY TO ASSESS
INTERFRACTIONAL MOTION IN PATIENTS WITH INTACT CERVICAL CANCER

NEELAM TYAGI, PH.D., Joun H. Lewis, M.S., CATHERYN M. YAsHArR, M.D.,
DanieL Vo, Steve B. Jiang, PH.D.., Arno J. Munpt, M.D., anp Loren K. MEeLL, M.D.

Mean % of fractions missing (range)

Mean % of fractions Mean volume % of mean
Margin (mm) missing (range) missed (cc) (range) volume missed (range) Cervical region Fundus region
0 100 (100-100) 45 (15-112) 10 (3-28) 95 (75-100) 100 (100-100)
3 99 (92-100) 25 (10-84) 6 (2-21) 80 (54-100) 89 (33-100)
5 95 (73-100) 20 (5-72) 4(1-18) 65 (25-100) 84 (5-100)
7 87 (54-100) 14 (0-62) 3 (0-16) 50 (0-100) 70 (0-100)
(] O (D100 J ((] 2 (0 M) 4 (04

19 (0-100)

14 (0-83) 1(0-4) 0(0-1) 7 (0-59)
7 (0-33) 0(0-2) 0 (0-0) 1 (0-6)
2 (0-13) 0{0-1) 0 (0-0) 0 (0-0)

IlﬂBHH




Target volume delineation

(stage I11A)

Entire vagina

’. | '. @ _ Parametria -

PTV-T (+15mm)

External iliac




Target volume delineation

(stage I1B +left external iliac LN)




Obligquet 36 Wolume Z2-%olume 1 Ghe
Ex: &313 S pleEE

Ser BlE350

- <

OFOY 102,44 cm

S Ee
72013

— 0.0
B PET

4,0

d, 0mm ~d, O=p

0d:07:36 PM
m=0,0 M=7F201,3 CHTS




Obligquet 36 Wolume Z2-%olume 1 Ghe
Ex: &313 S pleEE

Ser BlE350

- <

OFOY 102,44 cm

S Ee
72013

— 0.0
B PET

4,0

d, 0mm ~d, O=p

0d:07:36 PM
m=0,0 M=7F201,3 CHTS










Pre-RT MRI examination 4" week EBRT BT MRI examination




Primary setting

Weekly MR-based re-planning

ATTTAOYMRMATEIN WELTEKTV DEDI ANNING E'OAD INTENCITVYV AMIOINDIIIT ATETY
AU LVUIVIALILEZ VY LLIVISIAY INDE LAININLINGY DU LN LIVINSIL L K- IVINVJ UL AL LS
ADIOTHERAPYV OF CFRVIXY CANCER
AN RAFANY A LA JANI AL 1 A AL JAN Y AR o TRLNCRLUAN

JAMES STEWART, M.A.Sc..* KAreN Liv, M.B.B.S..*" VaLerie KELLY, M.Sc..* JasoN XIE, M Sc.,*
Kristy K. Brock, Pu.D., #13 JoANNE MOSEL EY, B.MATH.,* YOUNG- BIN Cho, Pu.D.’
ANTHONY FYLES, M.D., s ANNA Lu INDIN, M.Sc., Y HENRIK REHBINDER Pu.D..’ JoHAN LOF, PH.D.,?*
DAviD JAFFRAY PH.D.,*" AND MICHAEL MILOSEVIC, M.D., FRCPC ol

IJROBP 2010: 78: 350-8



Dose to 98% Volume (cGy)

5100

5000

4900

4800

4700

4600

4500

95% of Prescription
Dose Threshold

No Replan

(Accumulated)
Weekly Replan
(Accumulated)

GTV

pCTV




Dose to 98% Volume (¢Gy)

5200

5000

4800

4400

4200

4000

3800

No Replan
(Accumulated)

Weekly Replan
(Accumulated)

Gross Tumor Volume

Parametrium

Cervix

Lower Uterus

Upper Vagina



Take home messages:

- Use modern (incl. biological) imaging
- Delineate positive LN separately

- Adaptive planning might be near future












CLINICAL INVESTIGATION Uterus

CONSENSUS GUIDELINES FOR DELINEATION OF CLINICALTARGET VOLUME FOR
INTENSITY-MODULATED PELVIC RADIOTHERAPY IN POSTOPERATIVE
TREATMENT OF ENDOMETRIAL AND CERVICAL CANCER

WILLIAM SMALL, JrR., M.D..* Loren K. MeLL, M.D.." PENNY ANDERSON, M.D..*
CARIEN CREUTZBERG., M.D.,§ JENNIFER DE Los SANTOS. M.D.. Y Davip Garmey, M.D., PH.D.,”
ANUJA JHINGRAN, M.D.,# LORRAINE PORTELANCE, M.D..** TRACEY SCHEFTER, M.D.,ﬁ
REVATHY IYER, M.D.,i*t MAHESH VARIA, M.D.,§§ KATHRYN WINTER, M.S. ,W AND ArNO J. MunpT, M.D. I



Target site

Definition

Common iliac lymph nodes
External iliac lymph nodes
Internal iliac lymph nodes
Upper vagina

Parametrial/paravaginal tissue
Presacral lymph nodes™

From 7 mm below L4-L5 interspace to level of bifurcation of common iliac arteries into external and
internal iliac arteries

From level of bifurcation of common iliac artery into external artery to level of superior aspect of
femoral head where it becomes femoral artery

From level of bifurcation of common iliac artery into internal artery, along its branches (obturator,
hypogastric) terminating in paravaginal tissues at level of vaginal cuff

Vaginal cuff and 3 cm of vagina inferior to cuff

From vaginal cuff to medial edge of internal obturator muscle/ischial ramus on each side

Lymph node region anterior to Sland S2 region




Target site

Definition

Common iliac lymph nodes
External iliac lymph nodes
Internal iliac lymph nodes
Upper vagina

Parametrial/paravaginal tissue
Presacral lymph nodes™

From 7 mm below L4-L5 interspace to level of bifurcation of common iliac arteries into external and
internal iliac arteries

From level of bifurcation of common iliac artery into external artery to level of superior aspect of
femoral head where it becomes femoral artery

From level of bifurcation of common iliac artery into internal artery, along its branches (obturator,
hypogastric) terminating in paravaginal tissues at level of vaginal cuff

Vaginal cuff and 3 ¢cm of vagina inferior to cuff

From vaginal cuff to medial edge of internal obturator muscle/ischial ramus on each side

Lymph node region anterior to Sland S2 region




Upper CTV: aortic bifurcation




Upper CTV: aortic bifurcation




Upper CTV: aortic bifurcation
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Some issues to be critical about:

- Include visible lymph nodes

- Include lymphoceles







Upper CTV: common iliac vessels — presacral region




Upper CTV: common iliac vessels — presacral region
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Middle CTV: internal/external iliac vessels— presacral region




Middle CTV: internal/external iliac vessels— presacral region




Parametrial / Vaginal CTV
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Postoperative setting: heterogeneous situation







MAGNITUDE OF INTERFRACTIONAL VAGINAL CUFF MOVEMENT:
IMPLICATIONS FOR EXTERNAL IRRADIATION

DaANIEL J. MA, M.D..* MARTHA MICHALETZ-LLORENZ, M.S.,?_ S. Murty Gobpu, Pu.D.,
AND PERRY W. GRiGsBY, M.D.**

Vaginal dilator

CTV vagina
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ASSESSMENT OF ORGAN MOTION IN POSTOPERATIVE ENDOMETRIAL AND
CERVICAL CANCER PATIENTS TREATED WITH INTENSITY-MODULATED
RADIATION THERAPY

ELEANOR E. R. HARrrIS, M.D.. Kuritim LaTiFr, M.S.. CHAD RUSTHOVEN, B.S., KEN JAVEDAN, PH.D..
AND KENNETH FORSTER, PH.D.

- Daily CBCT

- Vaginal wall organ motion

- n=22

- upper vaginal %2, expanded with 10mm
- 3 fiducial markers, COM
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Homogeneous margins?

.

CTV vagina
Planning CT

Jurgenliemk-Schulz et al. R&O; 2011;98:
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Homogeneous margins?
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CTV vagina

4 MRI during RT "‘%C.
: 71' . . .

0 cTv vagina

Planning CT

Jurgenliemk-Schulz et al. R&O; 2011;98:




Suqggested marqins:

vl

To encompass 90% of the vaginal
volumes:

-AP; 19 mm

- LR: 11 mm

-S(): 15 mm

To encompass 95% of the vaginal
volumes:

- AP: 23 mm

- LR: 18 mm

-S(): 15 mm

Jirgenliemk-Schulz et al. R&O; 2011;98: 244-8.



What NOT to do!

€)




Take home messages:

Lymph nodes are similar to prostate LN areas
I Inguinal nodes are not part of the CTV, except in particular cases ...

Margins of >15 mm to ensure sufficient coverage of vaginal volumes

Point of discussion (future?)
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