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Simulation: Treatment Set-up Dose Response
planning: verification: delivering assessment:
and organ
*CT + optical | i | motion: poy °CT
laser *CT kV images « 4D imaging *MRI
*MRI-MRS »CT on-rails oFi copy *PET
*PET okV or MV *SPECT
CBCT ein-beam PET

Lecchi M. Eur J Nucl Med Mol Imaging (2008) 35:821-837
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From 2D ... To 3D ... To IMRT, VMAT, IGRT

L LI

11
-
-
—m

1-, 2- and 3-year-OS rates =82%, 61% and 56%.

Roeder 2014, Nguyen 2014, Yang 2009
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CTV 1: 6TV T & N site with margins, by using information from endoscopic
examination , barium swallowing x-ray and DIAGNOSTIC IMAGING

@Journal of the |°c'ﬁu Report & Prescribing. Recording and Reporting Photon
Beam Therapy (Supplement to ICRU Report 50) 1999, Figure 2.16 from p 16.
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CTV2: Elective Nodal CTV

cas e g . c 4. AGuidefor Delineaﬁon Rﬁ}dlaﬁ}fm OnCOIOgY
CT has traditionally been used to aid in radiation RSN CIE Int 7 Radiar Oncol Bol Phys,
therapy planning, giving information regarding C"gggiiggfhegr‘a’g'y“"f ; 2015 Ty 15; 9204 911-

mediastinal & abdominal lymphadenopathy. i Expert consensus

contouring guidelines for
IMRT in esophageal and
gastroesophageal junction
cancer

. Abraham J. Wu
Memorial Sloan-Kettering
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LA RADIOTERAPIA
DEI TUMORI
GASTROINTESTINALI
Indicazionl e Criterl Guida

GASTRICA SIN The use of contrast agent does not
OERIESOFAGET significantly influence dose calculation
of PTV, lung and spinal cord.
However, it does have influence on
dose accuracy for heart.

Hong-Sheng Li et al. Asian Pacific Journal of Cancer Prevention, Vol 14, 2013
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CTV1: 6TVT &N CT scan
Accuracy Limitations
Pathological T stage = T1 from T2
80%
staging the depth of the Microscopic infiltration of
tumor=49% to 60% the periesophageal fat
(T3)
N stage = 60-80 % morpho-dimensional
criterion

tfumor extention

Kavita U. Vaishnav, GUJARAT MEDICAL JOURNAL,2014 Vol. 69 No. 1
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CTV 1: 6TV T &N Esophageal US

Benefit Limitations
Pathological T stage = obstructing lesion
76% to 92% (failure rate of 14-25 %)

N stage sensitivity =80 7% experience dependent
and specificity = 70 %

difficult to translate in
radiation treatment
planning

Kavita U. Vaishnav, GUJARAT MEDICAL JOURNAL,2014 Vol. 69 No. 1



. ability of FDG-PET(/CT) to detect the T and/or pathologic N;

. Does the addition of FDG-PET change target volume delineation?

. validity of FDG-PET/CT with regard to 6TV delineation;

. Does the addition of FDG-PET improve inter-observer and intra-observer variability in

target volume delineation;

. what consequences for radiotherapy treatment planning with regard to either target

volumes or OARS?

J.M. Wilson, Clinical Oncology 26 (2014) 581e596
C.T. Muijs et al. Radiotherapy and Oncology 97 (2010) 165-171
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1. Ability of FDG-PET(/CT) to detect the T
FDG-avidity of the primary tumour: increased uptake of FDG was seen in 68- 100%

Undetected
fumours are
mostly stages
T1 and T2
tumours.

Especially Tla
tfumours,
remaining within
the submucosa,
are difficult to
detect by
FDGPET

Author N Primary tumour Lymph node metastases Remarks
Detection Detection  Sensitivity Specificity Sensitivity  Specificity  Sensitivity of Specificity of
rate onCT rate on of PET for of PET for of CT for of CT for PET/CT for PET/CT for
(%) PET (%) LN (%) LN (%) LN (%) LN (%) LN (%) LN (%)
Pfau et al. [28] 44 80 92 - - - - = - 4 of 5 undetected
eg e o were T1-T2
Rankinecal.(29] 19 95 100 : The sensitivity
Salahudeen et al. 25 - 100 - - - incr.eases wi.rh
[30]
Wren et al. [43] 21 = 71 86 57 71 i easi de h
Kato et al. [17] 149 80 32 99 23 97 ncr: a ':‘g p1‘ Most undetected were
of invasion, the |1
Kato et al. [16] 32 78 78 93 61 71 . ° The not visible
Value belng 83 /o tumours were T1
Flamen et al. [10] 39 95 33 89 0 100 All false negative on
for T2 tumors, | rerweem
Himeno et al. [13] 22 68 42 100 38 96 o, All undetected
97 /° for‘ T3 ’ tumours were T1
Block et al. [3] 58 94 52 79 29 79 o 2 undetected lesions
and 100% for it
Kato et al. [15] 167 74 33 99 27 98 T4 fumor-s . ?‘;os?t undetected were
Kim et al. [18] 52 98 e 52 94 42 97 - False negative on PET
was T1 tumour
Meltzer et al. [23] 47 97 87 35-41 90 63-87 14-43
Yoon et al. [44] 79 82 92 30 90 11 95 - All undetected
tumours were T1
Kole et al. [19] 26 81 96 92 88 38 100 - ~
Sihvo et al. [33] 55 69 82 35 100 42 82 50 10D Of the false negative 7
T1 tumours and 3 T2
tumours
Yuan et al. [46] 45 82 87 - 94 92
Schreurs et al. [32] 85 - - - - 87 87

C.T. Muijs et al. Radiotherapy and Oncology 97 (2010) 165-171
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1. Ability of FDG-PET(/CT) to detect the pathologic N;

sensitivity of CT and FDG-PET varied widely; 11-93% vs. 30- 93%.
specificity of CT and FDG-PET: 71-100% vs. 79-100%, respectively

PET/CT improved

the sensitivity, it

remained

significantly lower
than that for EUS
(p = 0.001).

Author N Primary tumour Lymph node metastases Remarks
Detection Detection  Sensitivity Specificity Sensitivity  Specificity  Sensitivity of Specificity of
rate onCT rate on of PET for of PET for of CT for of CT for PET/CT for PET/CT for
(%) PET (%) LN (%) LN (%) LN (%) LN (%) LN (%) LN (%)
Pfau et al. [28] 4 80 92 = = - - - -~ 4 of 5 undetected
were T1-T2
Rankin et al. [29] 19 95 100 - - - - - -
Salahudeen et al. 25 - 100 - - - - - -
[30]
Wren et al. [43] 21 - - 71 86 57 71 - -
Kato et al. [17] 149 80 32 99 23 97 - - Most undetected were
T1
Kato et al. [16] 32 - 78 78 93 61 71 - - The not visible
tumours were T1
Flamen et al. [10] 39 95 33 89 0 100 - - All false negative on
FDG- PET were T1
Himeno et al. [13] 22 - 68 42 100 38 96 - - All undetected
tumours were T1
Block et al. [3] 58 - 94 52 79 29 79 - - 2 undetected lesions
were Tla
Kato et al. [15] 167 - 74 33 99 27 98 - - Most undetected were
T1-2
Kim et al. [18] 52 98 a4 52 94 42 97 - - False negative on PET
was T1 tumour
Meltzer et al. [23] 47 97 87 35-41 90 63-87 14-43 - -
Yoon et al. [44] 79 82 92 30 90 11 95 - - All undetected
tumours were T1
Kole et al. [19] 26 81 96 92 88 38 100 - ~
— Sihvo et al. [33] 55 B9 82 35 100 42 82 50 10p | Of the false negative 7
T1 tumours and 3 T2
tumours
Yuan et al. [46] 45 - - 82 87 - - 94 9 NIZV
Schreurs etal.[32] 85 - = = g 87 87| (98%)

C.T. Muijs et al. Radiotherapy and Oncology 97 (2010) 165-171
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2. Target volume modifications

' |
Author | Conformality Index (ClI)

Cl=B/(A+C-B)

Tumour delineation A=GTV, B = Intersection G = GTVpercr

Gondietal. [11]
Cl << 1 Cl=1
Konski et al.
[20]
Vrieze et al.
[40]
Hong et al. [14]

Moureau- | Smaller 62.5%
Zabotto
Leoer:gaé't Lﬁ'm Conformality Index of 6TVs derived

Vesprini et al. from computed tomography and
39] computed tomography co-registered

s with FDG-PET

Muijs et al. [26] 0.46-0.68

C.T. Muijs et al. Radiotherapy and Oncology 97 (2010) 165-171
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2. Target volume modifications

Author |

100
53%
Percent Percent volume receiving o

volume at least 95% of prescription
of PTV- dose
PET

Tumour delineation
Gondietal. [11]

Konski et al.
[20]
Vrieze et al. e
[40] |
Hong et al. [14]
Aiorec: the addition of FD6G-
Zabotto PET/CT resulted in
et al. [25] changes in the delineation
Leong et al. [21] of target volumes in a
vesprini et al. considerable proportion of
[39] patients
Schreurs et al. ‘ °
[31] shorter in 22%, longer in 20 % (20-94%).

Muijs et al. [26]

C.T. Muijs et al. Radiotherapy and Oncology 97 (2010) 165-171
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2. Target volume modifications

GTV-CT

1<)

GTV-CT

PTVLLT

21 esophageal carcinoma patients

GTV-PE]

PET-CT detected disease in 8 patients (34%) that
was not detected by CT scan:

The 6TV based on CT information alone excluded
PET-avid disease in 11 patients (69%)

in Spatients (31%) this would have resulted in a
geographic miss of gross tumour.

The cranial extent of the primary tumour as

defined by CT vs PET/CT differed in 75% of
cases, while the caudal extent differed in 81%.

Leong et al. Radiother Oncol 78:254— 261, 2006 15.
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2. Tar'get volume modifications 30 patients with advanced esophageal carcinoma
lymph node involvement by CT, EUS, and FDG-PET: discrepancy 47%

‘FDG-PET failed to detect 9 nodes
in 8 patients that were detected
by CT/ EUS.

‘In 3 of these 8 patients, failure
of FDG-PET to detect CT/EUS-
detected disease would have led to
a reduction in the irradiated

* 8 nodes in 6 patients were detected by FDG-PET
that were not detected by CT/ EUS.

In 3 of these 6 patients, disease detected by FDG-
PET would have resulted in an increase in the
irradiated volume.

Vrieze et al. Radiother Oncol 73:269-275, 2004



Nodal Diameter
and PET+

2. Target volume modifications

Action

Comment

<1cm (0.6 cm
mediastinal) PET +ve

Include in 6TV

Although FDG-
PET/CT improved
the sensitivity, it

<1cm (0.6 cm
mediastinal) PET-ve

Exclude from GTV

remained
significantly lower
than that for EUS

>1 cm (0.6 cm
mediastinal) PET-ve

Include in 6TV

(p = 0.001).
- include EUS +ve

Vrieze et al. Radiother Oncol 73:269-275, 2004
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3. Pathological validation of FDG-PET findings

Surgical specimens of esophageal SCC (n 34) and

GEJ adenocarcinoma (n 32)

Proximal margin

Distal margin

Esophageal SCC

30 mm*

30 mm*

GEJ adenocarcinoma

30 mm*

50mm*

*margin beyond the gross tumor that appeared to be adequate for
negative microscopic spread in more than 94% of cases.

to cover both submucosal tumour spread and lymphatics along

the oesophagus, enlarged longitudinal safety margins

) Before
fixation
with
formalin

(b)
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X.-S. GAO et al. Int. J. Radiation Oncology Biol. Phys., 2007
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3. Pathological validation of FDG-PET findings

Correlation between diagnostic image and pathologic length of gross disease

Endoscopic examination+/- CT scan
Esophageal US
Esophageal SCC Accurate Not always accurate
(Overestimates )
GEJ adenocarcinoma | Accurate Accurate
Table 1. Mean length of the esophageal tumor as measured by PET, EUS, and CT p =0.0063
Tumor location PET 2.0 SUV PET 2.5 SUV PET 3.0 SUV EUS CT
Upper/middle 55em(3.7,74) 54cm(3.5,7.3) 5.1em (3.2,7.1) 54em(29.8.0) 7.6cm(5.2,10)
LOl\l\':‘ i S6cm(44.8.1) 6.7 cm (5.6, 7.8) 6.4 cm(5.3,7.6) 55ecm(4.1,69) 7.6cm(5.8,95)
G[;1 j:n?tiun 45cm(2.6,6.3) 40cm(2.1,5.9) 36cm(1.7,5.6) 44cm(29.60) 58cm(4.1,7.6)

n=29

Konski et al. Int J Radiat Oncol Biol Phys 61:1123-1128, 2005
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4. interobserver variability in target delineation

infraobserver agreement with the
mean standard deviation

in fumour length reducing from
5.3 mm to 1.8 mm (P =0.001),

improvement in Conformity Index
= 0.73 for PET/CT

versus 0.69 for computed
tomography (P=0.05)

J.M. Wilson, Clinical Oncology 26 (2014) 581e596
C.T. Muijs et al. Radiotherapy and Oncology 97 (2010) 165-171



The Role of PET/CT in Radiation
Treatment Planning
for Cancer Patient Treatment

&)Y I1AEA

International Atomic Energy Agency

Great potential for optimizing (RT) treatment planning.

PET scans that are not recent or were acquired without proper patient positioning should
be repeated for RT planning.

The best available approach employs integrated PET/CT images, acquired on a dual
scanner in the radiotherapy treatment position after administration of tracer according

to a standardized protocol, with careful optimization of images within the RT planning
system

carefully considered rules for contouring tumor volumes.

MacManus M. Radiother Oncol. 2009
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f BASELINE e i r-ammmand CT in radiation treatment planning
&

»f this
Cont
*visu
(wit :ndent

radial margin of 0.8 cm and
axial margin of +1.8 cm

@ R..:Relapse MTV 40%
D R, : Relapse Hotspot 9

J.M. Wilson, Clinical Oncology 26 (2014) 581e596
BRIAN P. YAREMKO, Int. J. Radiation Oncology Biol. Phys., Vol. 70, No. 1, pp. 145-153, 2008
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CTV1: 6TVT &N |
WHAT'S =i n~A1~ A AARTHD
- MRI for accurate tumour delil as already
been shown to be useful in malic tate and

cervix.

*MRI may also be useful for oes liation

treai

Direct tumour contact with the aorta (arrow)
and/or pericardium (arrowheads)

P.S.N. van Rossum, Eur Radiol (2013) 23:1753-1765
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CTV1:6TVT &N
WHAT'S THE ROLE OF MRI? where we are going ...

Limited data.

‘More studies are required to clarify the potential role of high-resolution MRI including
DWTI for this purpose before any firm recommendations can be made.

‘DWT displays esophageal SCC lengths most precisely when compared with CT or
regular MRI. DWI scans fused with CT images can be used to improve accuracy to
delineate 6TV in esophageal SCC.

Future clinical studies in oesophageal cancer should aim to determine
the potential value of the recently developed MRI-linac system that
integrates an MRI system with a radiotherapy accelerator, allowing for
simultaneous irradiation and real-time MRI

P.S.N. van Rossum, Clinical Radiology 70 (2015) 81e95 \!’(
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Delineation of the 6TV Corresponding PET may help to de*rer'min;_
on contrast-enhanced CT the shape and volume of the GTV and the
biologically active volume

—
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T2-weighted MRI provides higher :
soft-tissue contrast resolution Similar to PET, DWI may provide a better
compared to CT and may allow for reflection of the true (functional) malignant

further target definition innrovement volume and cranio-caudal length
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