The clinical application of 4D 18F-FDG PET/CT on
gross tumor volume delineation for radiotherapy
planning in esophageal squamous cell cancer
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gross tumor volume delineation for radiotherapy planning
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Purpose:

Studies suggested PET overlay on CT has shown to have some impact on the
definition of the gross tumor volume (GTV), decrease inter-observer variability and
change the treatment planning. Organs or tumor motion always influenced the
accuracy and quality of CT images in the thoracic malignancy, including esophageal
cancer during free breathing cycle. To estimate the feasibility of the combined
four-dimensional computed tomography with four-dimensional
8F_fluorodeoxyglucose positron emission tomography (4D PET/CT) in GTV
delineation of esophageal cancer. We hypothesized that some standards can be
obtained when defining GTV for esophageal cancer by using biological target volume

from 4D-PET/CT images.

Methods and Materials:

This study was a prospective analysis, approved by local institutional review board
(DMR98- IRB-171-1 and DMR98- IRB-171-2), of 4D-PET/CT in radiotherapy
planning of esophageal cancer. Patients with histologically approved esophageal
cancer who would undergo definitive radiotherapy, concurrent chemoradiotherapy or
radical surgery were eligible for this study. Eighteen patients with esophageal
squamous cell cancer were enrolled between December 2009 and January 2011. Each
of them was administered intravenously with 370 MBq (10 mCi) of *F-FDG and
rested supine in a quiet and dimly room. Patients were positioned and simulated in a

radiotherapy planning position using the Real-time Position Management system
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respiratory gating hardware (Varian Medical Systems Inc). Four-dimensional CT
images with 2.50-mm slice thickness, and 4D PET images with two table positions, 7
minutes per position, were acquired. All phases of CT images and PET images were
automatically fused for this gating study. In 4D images during respiratory cycle, an
average phase of CT images was fused with average phase of FDG PETSs for analysis
of optimal threshold or standardized uptake values (SUV). PET-based GTV (GTVper)
was determined with 8 different threshold methods by autocontouring function at the
AW workstation (Advantage Sim™ 7.6.0, GE, Healthcare): SUV15%, SUV 2, SUV
2.5, SUV 20%, SUV 25%, SUV 30%, SUV 40% and SUV 50%. The information of
tumor extent from the contrast CT scan, panendoscopy and endoscopic
ultrasonography (EUS) were used when delineating the CT-based GTV (GTVcr).
Excluding the adjacent metastatic lymph nodes, the volume of GTVcrwas contoured
as a reference tumor volume. To reduce inter-observer variations, at least 2 different
radiation oncologists carried out the contouring of the tumors for each patient.
GTVper was compared with GTVcr by volume ratio (VR) and conformality index
(CI). Cl is the ratio of the volume of intersection of two volumes compared with the
volume of union of the two volumes under comparison. VR is the ratio of two
volumes, and the denominator is the volume of GTVcr. A suitable threshold level
could be defined when GTVper was observed to be the best fitness of the length, ClI or

VR from the GTVct

Results:

Automatic co-registrations of 4D CT-FDG PET were successful in 12 patients with
13 GTVcr. The fused images were not available in the other 6 patients. The median

age was 48.5years (range, 38-76 years). All patients were men. Eleven lesions (85%)
Vv



were T3 and T4 stage. EUS was performed for 9 patients (75%). The mean length of
GTVcr was 5.73 + 2.40cm (range, 1.75-10.01cm). The mean volume of GTVcr was
29.41 + 19.14mL (range, 3.65-70.76 mL). The mean SUVmax was 13.26 + 2. 78
(range, 9.4-16.9). The decision coefficient (R?) of tumor length difference at the
threshold levels of SUV2.5, SUV20% and SUV25% were 0.79, 0.65 and 0.54,
respectively. The mean VR ranged from 0.30 to 1.48 (0.86+0.24). The optimal VR,
0.98, close to 1, was at SUV 20% or SUV 2.5. All SUV thresholds compare with SUV
2.5, the p values of SUV15%, SUV40% and SUV50% are 0.007, 0.002, and 0.000,
respectively. The mean CI ranged from 0.28 to 0.58. The best fitness for Cl was at
SUV 20% (0.58 £ 0.10) or SUV 2.5 (0.57 £ 0.13). All SUV thresholds compare with

SUV20%, the p values of SUV40% and SUV50% are 0.014, and 0.000, respectively.

Conclusions:

This study demonstrated that 4D-PET/CT is applicable when contouring the GTV
in radiation planning for esophageal cancer. The use of threshold levels of SUV 20%
or SUV 2.5 achieves the optimal correlation with tumor length, VR and CI. To assess
final treatment outcome, the benefits of RT planning using 4D-PET/CT need more

clinical investigations.
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Four-Dimensional PET/CT for Esophageal Cancer

3D RT planning <:| PET/CT scan
' RPM

4D CT planning

4D CT and 4D PET

Respiratory Gating Non-gating RT
RT MIP CT and average CT
4D PET or
PET (average) PET (average)

Bl-. vl &P FET 0% A (PET/CT) #2732 m -

@ r e k(RPN @R e AT EEA 2 D 5 R e &
v F T 5 eh7 ¥k (average CT) % T35 ¢ + # ¥ (average

PET) e -



- BRIk

s pE (kp)
R g ok
IR
v B
EL= S
g a4
T1
T2
T3 10
T4 1
M
NO 3
N1 10
A o
MO 10
Mx 2§
PARSAZ H 9 (75%)
Treerh iR L& (Cm)  175-10.01(2 ¢ 4 5.5)
TR 5.73 £2.40

T vk BB (cm®)  3.65-70.76 (& ¢ i ¥k 24.95)
= 29.41 +19.14

*¥AJCC g~ & > %~ 5% 2 2002 -

§ - PHE LD FHEPFRG BT RE -



WAPED Ad #%ietd A2 F FEMEIT0F F L 2 (MBg) [10 F &2 (nCi)]

S
X
e
F_L
|

3
A
T
N

g
=
=
¥
2
-;\:
Z VI,
-
~=i
g
I
3
o3
2
e
=
o
(w,
=
4
W
=3
x=1

z

%
o
i}

%454 (Discovery STE, GE Medical Systems, Milwaukee, WI) o

Ly

L.

BREPRE LI HBER A0~ BEF R EAPFEL R IIIRT -

AP B3 2 TRETR R A AR T Ryp- MR EHRE -
TSR B At £ 2 512 % 512 Mk (matrix) #HFHEH 2 128 % 128
% > bll-+ k-2t (KeV- equivalent) % & %]+ * kil 3+ ikt AR
o o

AW P LR T RETR R S R P IERE S in T e
bt B (Real-time Position Management, RPM, Varian Medical
System Inc)(4rBl= A, B) & 738 -

TR TR AR 5B R S 2.0 EF 0 2 FHEE S B H = (table
position) » # — H = i = A 4s o T3 RPN ED p R EE

10



(fusion) °

6. * i s e Pk (respiratory cycle) A & - = 8 W] o ¥ AL w i
x4 (Advantage 4D, GE, Healthcare)p # & #g o

T B + 2 T A B i vk isd DICOM3 Il xsdinmit & 1 (v
(Eclipse version 8.6, Varian Medical System Inc, CA, USA) - i iF
Gk e

8. M P E I e MAHF L4 AV 1 vz (advantage Sim" 7.6.,GE,
Healthcare) ™ p # & # B> 3% » B AR @4 7. SUV15Y%, SUVZ, SUV2. 5

SUV20%, SUV25%, SUV 30%, SUV40%% SUV50% °

FrPAFELARERI O A AR RFENGHE S SR EFEHE R
BB AT T 4T il A SN Kk R R B AT g MR
Ta R N7, 12, 13, 21) - B2 ENFF LT P s BRE o A B E
SUV15%, SUVZ, SUV2. 5, SUV20%, SUV 25% SUV 30%, SUV40% F= SUV50% > H 4p = BE %

dod fe PP o T S HERE BT A @ PR R A BE P IS T B 0E

énhn

Fl 5 € BB E R ot e 3T At F 8 e R A 0 i+ (artifacts)
;}Lﬁ'\"ﬁ Fg;i“‘“‘?iﬁ' f R g A2 F e U Lt'%{‘&"]'/r'f,?‘ Kurai ex o

e@le o

11



Bl= A »fex A% % (Real-time Position Management)

R RetRCCD WRIEE AT -

TR -EBEF GO ERT T R RE B ERT S TR e

12



== [2008710/2 [0

WRsant||| 1) @ 53 || Hwock-pare YoM Rospratory Gating s.. { 2O Troewo

g System - Chen-Sheng, Yang - Esophagus AP Session No. 1 2010/1/5

§-1 KA [ .
_‘ ]

,f'\\ / '
\ ' {
e
A T Y

Recording

!;MIT;‘IGS I\ s, Susnzoz-ran |

Bl= B-2. »rexdiracdd kit
BRED S T F 2 B 0 R R B F RS B e

f'._gg ° uﬁ’c;;tgg:?_u ]F']q/g] j\a}gl_ﬁ v — BNk - e B oo
13



BIA., %7 2 Ak #ES E(standard uptake value of 15%, SUV15%)

2 EX, o

PE R B 1Y Briz (8 ) evh B 8 4% (gross tumor volume, GTV) o i
St A TR o S A R LB GV o FAER 45
* SUVIS%eGTVER B, 2 1t {8 enGTVI ik % & cha k& 7 e 5 4

REBRIFFE R IINA o

BIB. R T G ETA GTV( M i d &2 7 ) 2 SUV20%nGTV (12 % ¢ a4

TN B 0 R R

14



FHs b EEE D N

SUV & i Ty5 SUV + 8 £
SUV15% 1.99 + 0.42

SUV2.0 2
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SUV40% 530 + 1.11
SUV50% 6.63 + 1.39

SUVmax 13.26 + 2.78
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