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Radiation Therapy

= Definitive - EBRT/Concurrent CRT
= Radical

* Preoperative (Neoadjuvant)

= T3 or higher
m N+
= 45 -50 Gy

* Post operative (Adjuvant)

e Rare: difficult to tolerate
e 45 Gy

= Palliative: Dysphagia 30 — 35Gy
= Brachytherapy




Radiation Therapy

 Computed tomography based planning
utilizing conformal techniques is the
standard of care for esophagus cancer

 Essential to accurately delineate
— Target volumes
— Critical normal structures




Importance of Target Volume
Delineation
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Tumor Delineation - the weakest link

* Imaging techniques to track the motion of
tumors during treatment delivery - IGRT

* IGRT Is only as good as the accuracy with
which the target is defined

* \Widest ranges of inter-observer variations
reported for the delineation of

— Head and neck tumors
— Esophageal and lung carcinomas




Tumor Delineation - the weakest link

Errors in TV localization & delineation occur
early in the planning process and only once

This generates systematic errors

— Can produce the biggest deviation in the entire RT
process

— No level of image guidance will eliminate
Potentially can alter outcome of treatment

Once defined, this error is constant throughout
the entire RT planning process




Simulation

e Immobilization

e \/ac Loc

e Position arms above head to maximize the

number of beam arrangements

o Tattoos for daily Set-up




Simulation

e Four dimensional (4D) scanning

 |f 4D study is not available following to
estimate internal motion of intrathoracic
structures
— Slow helical CT scan or

— Acquisition of CT images at maximal
Inspiration and expiration, with the difference
being the total extent of motion of the target

and critical structures




Simulation

Tumors involving the distal esophagus

— Nil per oral for at least 3 to 4 h prior to
simulation and treatment

— Limits variations in gastric bowel gas that may
affect dose distribution
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Guidelines for Contouring

* For contouring, esophageal malignancies
divided anatomically into 2 regions

— Upper esophagus tumors (including malignancies of
the cervical esophagus)

— Lower esophagus tumors (including tumors of the
gastroesophageal [GE] junction)
 Tumors In the lower esophagus & upper
esophagus - follow contouring guidelines of

both subsets




Guidelines for Contouring

« Significant involvement of gastric cardia or
the stomach, consider as gastric origin
rather than of esophageal

 Based on contouring guidelines of gastric
cancers

Dlagnostic laparoscopy and J-tube placement
Renal perfusion scan

Preoperative chemoradiation or
Postoperative chemoradiation




OARS

* For proper DVH analysis need to contour
— Entire esophagus
— Lung, Heart & Spinal Cord

o Upper esophageal tumors
— Brachial plexus and Larynx

* Lower esophageal tumors
— Liver & Kidneys




OARS

Heart

— Cranial border will include the infundibulum of
the right ventricle and the apex of both atria &
will exclude the great vessels as much as
possible

— Caudal border will be defined as the lowest
part of the left ventricle's inferior wall that Is
distinguishable from the liver




Target Volume Definitions

ICRU Definition
Gross Tumor Volume (GTV Tumor + LN)
Clinical Target Volume (CTV - microscopic dis)

Internal Target Volume (ITV - eso movement
upper - 0.5 cm, mid - 0.6 to 0.7 cm, lower - 0.8 t0 0.9
cm)

Planning Target Volume (PTV - accounts for

setup error and intra-fraction motion)




Target Volume Delineation

o Upper esophagus — above carina
— GTV - CTV margin longitudinal 3to 5 cm
radial 1 cm

— CTV (or ITV) = PTV margin
 No IGRT or Motion assessment (4DCT) 1 -1.5cm
* IGRT or Motion assessment 0.5 -1cm
 Both 0.5 cm

— Elective nodal
* Peri — esophageal, Supraclavicular




Target Volume Delineation

* Lower esophagus — below carina
— GTV - CTV margin - Same as upper
— CTV (or ITV) - PTV margin — Same as upper

— Elective nodal
e Peri — esophageal, celiac
e Based on extension to stomach - nodal regions
— Perigastric, left gastric
— Splenic hilum
— Porta hepatis, SMA




Target Volumes

e Standard GTV to CTV expansions are

— Superior & inferior - 3to 5 cm (CROSS Trial 4
cm, if extension into stomach distal margin 3 cm)

e Submucosal spread, skip lesions

— Radial - 1 cm ( CROSS 2 cm subclinical disease
& compensate for tumor motion & set-up
variations)

— Involved lymph nodes - 0.5 t01.0 cm




Target Volumes

 Margins can be adjusted based on
— Use of motion assessment

— Treating physician’s confidence in knowing
the extent of disease

— Adjustment made according to anatomic
barriers




Upper Esophagus T3 NO

Larynx should be
contoured as
normmal structure
and constrained.

Supenor border of
SCV LN field is

at approximately
infernor border of
cricoid cartilage.

Coverage of
bilateral
supraciavicular
hymph nodes
olectively in CTV.
Can omit
posternior LIN

(Jevel V).

GTV=—antire
esophagus.




Upper Esophagus T3 NO

Penesophageal
ymph nodes
included in CTV.

0O.5cm CTV to
PTV margin, as
daily KV imaging
was used.

2 cm margin
supenor-infernor,
1 cmm aaally
added for CTV,
respeoecting
anatomical
boundarieos.
Larger margin
longitudinally for
submucosal
spread.




Distal Esophagus T3 NO

Coverage of
penesophageal
lymph nodes,
including

posteriorly

CTV shaved off
of vasculature and [~

lung parenchyma

CTVtoPTV

margin=0.5 cm, as|

daily KV imaging
was used.

CTV shaved off
of heart

GTV=entire
esophagus




Distal Esophagus T3 NO

CTV extends into
distal esophagus and
into proximal stomach.
Patient nil per os for at|

least 3 hours prior to
simulation to
minimize bowel gas.

Continued
coverage of CTV
down to celiac
axis, at
approximately the
level of T12
shaved off of
anterior bowel,
pancreas.
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Target Volume

* No internationally unified opinion or high grade
evidence on definition of CTV

e Gao et al did screening on esophageal
carcinoma specimens the microscopic infiltration
ranges were < 3 cm superior and inferior in 94%
— Recommended margin of 3 cm along the vertical axis

& 0.5 cm radial
— Adjustment made according to anatomic barriers

— Anatomic barriers should not be exceeded unless
evidence proving disease has broken through




Target Volume

CTV - LN

No high grade evidence identifying the extent of
lymphatic drainage in prophylactic radiation
Extent of surgical lymphadenectomy Is usually
used when defining prophylactic radiation

Radiation Therapy Oncology Group (RTOG)
study — main reason of failure post radiotherapy
was local failure




Target Volume

e Only tumor and positive lymph nodes were
radiated, without elective lymph nodal areas

e Analysis on treatment failure

— Isolated outfield recurrence rate of lymph nodes
without tumor progression and distant metastasis was
only 8%
e Concluded - elective prophylactic radiation to
lymph nodes not necessary
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3D CRT-IFRT

 Nodal regions delineated using Japanese
Soclety for Esophageal Diseases (JSED)
guidelines & EORTC-ROG expert opinion

 The equivalent uniform dose (EUD) & other
dosimetric parameters calculated for LN regions

(metastasis rate > 5% were considered a high-risk
lymph node subgroup)

e LN stations near Tumour - considerable
Incidental doses with IFRT — contribute to the
elimination of subclinical lesions




saseasi1q |eebeydosg aoy Aa1pogs @saueder t:Q3sr

jIeunNsSeIPauU JOuUS1uUYy =1
uwnNnsousue uwumnuauwaebig - =% |
usweb) Aaeuouuaingdg iNndz L
Suoeeiaed DDoeioy|) oez L
Snewbeaydeipeadnsg

jeasbeydosaseaed
DIDeI0ul 12O

sopou yduul)
sNnyuoaqg uewyw

jesbeydosseaed
DDelouyl 221PppirwW 201

jeuueocgng ZFO1L
eryouocaqgoayoen 1ybiy H-9190 1L
21y uoagoayoeil 1397 1931901
eayoeslaad 2adoQ L

Aiope Dneday
UoOuwIuuIoO D) SAUSU JusSIIND3a 1ybiy Ho32190 L

S3ae Ounseb 139 DAUDU JUDIINDSDI 1397 T1o32190 L

jiesbeydosseaed
SUNIeAdND 19SSo) D1Deaouyl 1oddn =@ i |

e1paeD 1397 iejnonepeadnsg +O L

je1paed 1ybiiy jeabeydosaeaed jedDinua) LOL

sapou saopou yduuK)
yduuK) jeunseiIpauw
jeurwopqyy Bursaoquunpg PpPue jea>iAaaad Burnasaquuunpn

a3asr Aq seuuocoumpaed jeabeydosa
ul @2pou yduul] jeuocibaa jJo AGBojouruuias )] Z 219elL




A\ JOLI3JUT 3
du I 3 s H 990
Y1 AQ papunous
iadns o
AVOXJOMPIRN 11N 1 _~g 01
o] sapoa ydudy

BT M1 —J.,‘.q..,..— AR Sapou

{1 IF1pPuoIqo> Q-
_...:, TOUDEL] 00U | i J 1O JUO4 U
ydu
2] JUDLINIJ 1 24 3 SOpou gdwii
WSt JUALINDSS JYory

BOE pO]e .

Y1 O} JOURd)uL

PO ,__; K]

nj upe {
SEIJOs Y] O SAUIUT USARINS Y1 JO JIOPI0g N[eydad 2] WOl umelp
- _u u A 3aU m_ S5UA “ 0 _.r.‘.._ » ~ r.u—v u
u .._, IA] ARDD JU

ZISJT] pUT K

1 3O 10pa0q deydad Y] Wol) waeip s
P YA WiaA SONAZE o) Buo

U2iou el
aNins lu—H j:.}lv-,.: am A
N AAIMI SRITA 1Y

ddn o

eags p
[BIpaW 24 | S2pou qduug | 24} Suag
1 3 PO 2] JO IDpPIOg 1D M]] wOg) oy

O] [FIpwl pAjeIY SOPOU

sapou ydwi) jeaRuliem
ALJOLIJJU
q

q sapou y
W o)
s2pou g ju

J4i

1 30 13paog e [eagoenesed e g pur aasau

noay . 1 yduady Sm

u> £ [EILAID0 DY) PUDOIE POJEIO] SOP

$2pou ydwyy eadeydosdeied

O} JOUID I " 200w 2y Hu

1 Ul pajed] Sop
WOU kg (oayg

MUNOUR PAJEIO] SIPH

“.._J I GOTA] ".._1 purnmIqng

$OPOU Yduwy)




:..___ ..7_.,.__.:_ ..,v;—Z.
sapou ydwi] s
- 1 JOUju M
puay < pﬁ.,»zL.f— B J 5 JOoudjur oyl uo
NOT (TUTH ._-,ﬂ_; MN ﬂ.: 10J8

JO axepms joumsod aq vo

)k d Wy 11 N

2MEAInD ) - JUO[R SIPOU
MNEAIND 12%33] M) P SIpOu
Sopou Wws) [epaed
sopou ydwd] juipaud Sy
($-1 g
_,..:.._”.‘_ﬁ.,

rudssomse: > 2300 udr -
goriq > jo sapou Qd IPAIXI "SAR) PUAA JOLIMINS 3 2O

unpresad 1 ) X U y i
H P 291 Aq popu J : [ PME20] s2poe yawaT]
41 mewsemdnp ALsmIn . ary riclers O e - ol
.a »Lﬂ 53 J... .f—. ) g gau A e ..;. ﬁa....&).f.
n jdosa IO 3AMO] ) WJE PAREDO] 3 u ydwAy

SIPOU AmA| [=MIRgAOsIRIRG MO

S1AIRPUNOG [FUE)XD [ pus ;_—-.._____

'
D { | LTRIIES 11
| . _ i | I —/
Pl 24} puncoJe [ 20| s9pou ydwsn)
dmA] roSegdosanimd dORI001 HPPIN

ea pOw 2 PAREO] sapoT ~ 9|

e 3y jo su few i)
1 [EpRED pAREX iy
SIpou LA VLN Ol

Mo 1] A9













o010 “L0T "90]
"0l *F01 €01 21 (T1n) ) (111 03 uonaun!
“TOL 101 001 R9C80] ) ansedodeydos3

sIayjjo pue

O°rI1El
601 "LOT 901
O POT "¢01 61 (L) oL (y) {2V)
‘01 101 001 ‘6 L 111 011 ‘ A snaeydosa [punwopqy

SIAIO pue ' 'S
0 PILEN 07 'L
901 “4d-901 ‘T11 601 “SDI

‘P01 €01 201 001 LOT 221-9))] & \F]) 19m07]

SJIYJ0 pUe 4 °]
9°¢ '+ P11 '€l Yook
H1-o0] 2d-0n] ‘011 ‘601 “L01 snaeydosa

cO1 001 0C CI T P01 191901 <01 101 31001 "R01 (VN 2IPPIN JDEIOY ],

SO pUR (g '6 '8 05k Al AN

9°CT PI ¢l LTT 01T {9r901 601 SOT LDI
‘01 ‘dn=z01 ‘001 ‘a1d-g0] ‘pru-zo] 19-001 ‘01 221-901 ‘101 “SO1 (1) Jaddn

SIYI0 pUB ¢ T

R0 rad
TH 011 ‘601 SOT “LOT 191901
“HQ1-901 “21d-90] CO1 €01 001 (2)) sndeydosa L)

EN N HONRI0] Jotwn |

sdnosi apou ydwiA g+ g8l




Target Volume

0 delineate GTV

— Physical examination

— CT scan with IV contrast (Thorax/Abdomen)
— Positron emission tomography (PET)

— Upper endoscopy & Endoscopic ultrasound
e Esophageal invasion & Lymph nodes

e Endoscopic ultrasound - better classify small
Intrathoracic LN difficult to classify with CT or PET

— MRI
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Role of PET CT

Sensitivity & Specificity
— LN 30t093% & 79 to 100%
— Primary 95 to 100% & 100%

PET CT resulted in TV changes

Evidence on validity of PETCT very limited

— 3 studies significant correlation between PET
based tumor lengths & Pathological findings

No improved LR control or survival




Tumor Delineation

Weakest link in RT accuracy

« Significant inter-observer variability due to
— Impact of imaging
— Influence of observer (training, personal bias)

« Variablility of targets can be minimized by

— Multimodality imaging by co registration of CT
with 2"d modality like MRI/PET

— Continuous education & training
— Collaboration of RO with other specialties
— Concise contouring procedures and protocols




