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Prognostic value of delayed diuretic '®F-FDG PET/CT before radical cystectomy for bladder cancer
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[Abstract] Objective- To evaluate the prognostic value of preoperative delayed diuretic "*F-fluorodeoxyglucose positron emission tomography/computed
tomography (‘*F-FDG PET/CT) imaging in patients with bladder cancer. Methods* The clinical data and preoperative delayed diuretic *F-FDG PET/CT
images of 104 bladder cancer patients who received radical cystectomy (RC) from 2016 to 2018 at Renji Hospital, Shanghai Jiao Tong University School
of Medicine were retrospectively analyzed. The diagnostic ability and optimal boundary values of maximum standardized uptake value (SUVmax), tumor
metabolic volume (MTV) and total lesion glycolysis (TLG) were obtained by receiver operating characteristic curve (ROC) analysis. Patients were
divided into high SUVmax group (n=53) and low SUVmax group (n=51), high MTV group (n=52)and low MTV group (n=52), high TLG group (n=67)
and low TLG group (n=37). The correlation between PET/CT metabolic parameters and clinical data was analyzed by chi-square test. Survival curves
were drawn by Kaplan-Meier method and tested by Log-rank method. The prognostic value of metabolic parameters was evaluated by Cox regression
model. Results-MTV (P=0.000) and TLG (P=0.000) had diagnostic abilities for postoperative recurrence of bladder cancer. Preoperative treatment (P=
0.033) and T stage of tumor (P=0.035) were correlated with MTV, while neutrophil-lymphocyte ratio (NLR) (P=0.026), hemoglobin (P=0.004), albumin
(P=0.021), preoperative treatment (P=0.015) and T stage (P=0.015) were related to TLG. Multivariate Cox regression analysis showed that lymph node
metastasis (HR=2.433, P=0.016) and TLG (HR=4.499, P=0.000) were independent prognostic factors of progression-free survival (PFS), while
preoperative treatment (HR=0.220, P=0.014) and TLG (HR=7.107,P=0.013) were independent predictors of overall survival (OS). Conclusion-Delayed
diuretic "*F-FDG PET/CT before RC can predict the postoperative survival.
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(muscle-invasive bladder cancer, MIBC) HIEJLZRIEYE
% B %% (non-muscle-invasive bladder cancer, NMIBC) .
Xt F MIBC 5 H A 3 1 XU 9 NMIBC, - BRI 8 FR 2% 23 #E
T VARIA B e DIBR AR (radical cystectomy, RC) fEH
EIIRIT O i TIREERSAT R AN R,
PoesE ARG B R o ARG Fahmy 55 ) (O40GHE , #5252
RCA [ 55 et i B AR B AL KRN 24.7%~47.5% . BLAb,
132 I3 W A U0 R 1 B 2 [ N R B 34 4 PR A Ty
3, WFFEIE I R U O X T R AR A BT 5 T A
Ko B TS BB KU s B, SR PR
A VIARAEAS Ryt . B D88 Y FUS IE AL £ 2 T T
AN BREE A, ARHTAG A  FUS N EIE RSB E .
R - R 4 A W L R T R AL Z AR (UF-
fluorodeoxyglucose positron emission tomography/computed
tomography, "“F-FDG PET/CT) AEb—F#i B4 1) Jo A1) 14 %
e R RART A, S H EUSARAE 5 18 BUS AR G
HRIE /D o ABIFFE I I RS I 98 A A R AR A AR A AR
3R "F-FDG PET/CT W AREER, 5 A Ja A 771 Bl -5 B
RS BRGSO 1 B 7 U O e 18 14
Z2H0, S Wyl PR B U S O 6 T B e e AR B TR
Wi o

1 HEE5HE

L1 WM R

I e P i B 2016 4F- 10 H —2018 4F 10 A F L1 58
R 2F B 2 e B I 4 0% B= B 6 DR A0 R 422 32 % e Jes AR 06 1k
VIBR AR B B3 50k, AR UE . OARJG W L6012 8
O D S P . (% D d AR IR PE VT BR AR BT 1 P 58 AL
F JR 4E 3R "F-FDG PET/CT & 1% . @ F]JK 4E iR "F-FDG
PET/CT BARF 6 N W BT AL, @RAZEERY
IR . e B R BV sk . HEBRbRE: OBA™E
IRAE . A I S A R s . @QEEZTFATCE &
A bR I AL 55 % . BPET/CT [R5 5t % 25 w1 IR SiE 3R
J T IO PR AT 35t BA R B O M DR R, S e e AR A L B
FG b 3838 K2 B8 2 B B A 0 s B AR B S 51 S At
#E (iS5 [2020] 072K), 54 (B/RFEEF) 1Y
BRI, BT A W98 X G 4 52 F R A 3R “F-FDG PET/
CT BARAT ¥ M KGN TRt R vl fg, &%
G R 1
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WCER AT XS S B I RS T ARG EEGORE, I R R
SR 071 BN S8 SN R 2% e Iy G N W21 17 G AN
EE L MEEEA L ERENAIFE L, BA 2G5S
PR S S N IR SR O N TS DN i i g o < NG
% e 1 R iV O (= G o v R N TR =R € A
WY 5 neutrophil-lymphocyte ratio, NLR) % X A [6]— K
A1 A IS A 4 P R 2 S U O A R LA
ARAGIA YT 6 252 I PR AER “F-FDG PET/CT WAL 50 56 i &
DAY PRI BT BRI R ORYY , ARETRST I % vh
W AE AT AR M 258 . TR BRGERHL 45 i e g 3
P TAMN . WREASRIUIEN . AR 2016 4E (A T A=
2140 (World Health Organization, WHO) X} iz bt Jih I8
M43 bRl ), K R B 4y IR T B g (urothelial
carcinoma, UC) 4 5AEIRIEE bRz oad . M4 5 [ e 1k
4% 14 (American Joint Committee on Cancer, AJCC)
4 TNM JWJR o3 3105 10, K b g g kb iy 322 0 R 8 40
T1~T4R[F 552

1.3 PET/CT A% % ¥l

WF9E R F Y A% 500K “F-FDG VE ST (IR TFR%
2l A RAFD, ksl E>95%. W% % M 64 HE PET/
CT (Siemens Biograph, &), AR X547 PET/CT Kids
AT BP0 8K T 8.0 mmol/L, $4% FE AR Ji 4 3.70~
5.55 MBq/kg (0.10~0.15 mCi/kg) # bk V& 55 818 71 45~
60 min J5 EHLKG AT . PET/CT RSB E . A CT
HLE 120 kV, 210 mA, 1RHPET —fh 5~7 N IRAL,
A PR R AL B A] 2 ming i #8 CT HLJE 120 kV, HLJR
200 mA, BX#PET 4 1 KRG, RN 3 min, ik
PR EH TR E R, BB 3. B R E IR
85 T 40 mg WEZEK IR, %5%F 2 h )5 PRk 3Z PET/CT
FEIR WAL, WESZ A SRR K 1.000~1 500 mL, FHK
WARFTHEE R . TR SR ER SRS wRAME, A
G FEAON S X 3. 3555 K AR A i v A ) T g
Joe s kL, U R Ak S RO R HEPR . TRIRE 1 h S AT
PET/CT fi .

FIr A % 34 1% 2 Philips IntelliSpace T.AEu;, 24
W B 2 BB VR AT AL B AT BT, 38 2 ) i 5 JOe 9 kL ) B2
#K X (region of interest, ROI) RIS Z4., ARk
WF 5% 3% W) “F-FDG X 2 804 4 $5c K b i Ak 35 HU(E
(maximal standardized uptake value, SUVmax) . i 1C
WHATL (metabolic tumor volume, MTV) F1AHE B2 i b &
TLG) . #» #E b & B fH

(total lesion glycolysis,
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(standardized uptake value, SUV) J& 5z Wk i 98 4% 3 45 1
2 E R bR . SUVmax & OGER X A SUV Y i KAH
S ¥ B i Ak % BU{H  (mean standardized uptake value,
SUVmean) & ROIA SUV I F-H{H. MTV 2 TRt
LAROIL P SUVmax ) 40% 5 A R 54T H 8 (AR
TLG >4 SUVmean 5 MTV 7 F .

1.4 FlVivER

LARSZARFE 1Y BE TS BURS DERE AR TG I BR AT i
ARYHIEFE AR IR BEYT H 91 20204F 12 7 31 H . WEIFIC
SRRV N WF T SR A R A I A . R b
BB T, R EHE ARG R TG #E R A7
(progression-free survival, PFS) #5417 ] (overall
survival, OS) YENTIG TR, PFS & SN MBEVTIT i 2 4k
FEXS GRS K . ke sl UL I R ZE T2 ], OS
FE SR BET 15 2 BT % G PR AT fuf T R ZE T A Bsf (1]

L5 Hil#orik

A B 58 K HI SPSS 21.0 B #EAT GE it 2% 43 B o M
PRER M n (%) £, EEFEERM s 8 M (0,
0,) Fon, FFE RS E R TTRER M X (95%CT)
Fon o KR HZ W HE T AE M 2 (receiver operating
characteristic curve, ROC) £k K15 4 22 P A7 o 1 i 28
T (area under ROC curve, AUC) SifERH, 1R
P AUC P28 5 1912 W80 I AR A0 fe A U 3R A7 702
K H Pearson y* £ 50 b 988 A 35 S 805 6 IR H6 A5 19 22 5%
1 ] Kaplan-Meier 4= /7 70 #r ik 2 il AE A e, IfF 2 M
Log-rank L3P A [A) B (0 TG 25 57, il s R &R
Z [ Cox KU [l A 485 70 37 47 45 2 50000 Tl s 2 RE VE Al
fffi & PFS 1 OS By M Sz BiUR PR o BT A7 A 4 24 LA P<0.05
HEA GRS
F1 BREEEELZZEZEETENROCHESH
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2 —H%

21 BRFIEARYER

WAL AT FEXTG 104 1], P34 (65.8+8.9)
&, AR 66 %, FIRTLEI 42~84 % . BFRIA S
HEBIBE T R (29.949.2) AN H, WAL BE T R 29.6
A, FEDT K R 5.2~44.4 0 1 o BTN 3T 34 4]
BEIMBE LR, HpARE1, 2. JENLHREAFR
Iy 9 H 76.9% (80/104) . 72.1% (75/104) . 68.3% (71/
104) . FEUTIAN LI 13 BB E LT, Hdh R 1, 2.
3AE I R A R Y ) M 93.3% (97/104) . 91.3% (95/
104) . 87.5% (91/104). SUVmax, MTV. TLG 5 NLR
h i SRR R, BRI X G AR IS A & 1 L ST ROC
Mz (&1, &ROCHZsrHralf3 (£1), NLR (P=
0.013) ., MTV (P=0.000). TLG (P=0.000) E.# Wil
s ARG K HIfE S, SUVmax N B &2 WiEE S (P=
0.127)

107
08t
z 06
Z
3 04t
e e SUVmax
L —MTV
ozl 2 e TLG
i ) ) ) ) )
0 02 04 0.6 08 1.0

1-Specificity
E1 BhEsSEEfESETENROCHE

Fig 1 ROC curve of continuous variables in baseline data on bladder cancer
patients

Tab 1 ROC curve parameters of continuous variables in baseline data on bladder cancer patients

Item X+ts M (QI,Q3)
NLR 2.91+1.54 2.57 (1.87, 3.47)
SUVmax/(g-cm™) 21.51+14.17 17.90 (10.15, 29.23)
MTV/cm® 17.07+37.35 7.39 (2.95, 17.07)
TLG/g 167.39+£393.21 68.38 (26.02, 175.44)

2.2 GRS PET/CT ¥ RHIH Pk

MR AE ROC #1 £ 3 #1 (£ 1) K139 NLR. MTV.
TLG S EFUER W TEX o3 . K2 2H . # NLR<3.21
1) 5 g AR b 41 (low NLR group) , ## NLR>3.21

@] JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

AUC (95%CI) Cut-off value P value Sensitivity Specificity
0.651 (0.537-0.766) 3.21 0.013 47.4% 86.1%
0.592 (0.476-0.709) 16.25 0.127 68.4% 47.2%
0.741 (0.642-0.840) 7.39 0.000 84.2% 86.1%
0.760 (0.662-0.858) 119.21 0.000 71.1% 86.1%

RURE A SRk L4l (high NLR group). K MTV<7.39
1 £ 2 8 G R AR AR BLAL (low MTV group) , #%
MTV>7.39 ) B 3 98 A i Mg AR R A 4l (high MTV
group) . TLG<119.21 1) {8 2 29 A ARME I i Sl it 4 (low
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TLG group) , TLG>119.21 [ £ 35 40 A o bl I it o e 41
(high TLG group) . M TLG [ 2 40 N 435l B ALl 1 45 3
F, HEGXEE 2, HT SUVmax RE&E ARG E KK
ZWiRE ), BORYE SUVmax HAL{E 17.90 K- 0F 58X 4255k
S Ee Kbr AL BRI 20 (low SUVmax group) HI7E e K
FrufE b BB 40 (high SUVmax group) . # PET/CT {{i4f
SRS TGRS EGATAR LR L 2, SUVmax 5l
RS EURIANFEAER e o AR S MTV 43411 (B8 AR RTIR
JriGol (P=0.033). T4 (P=0.035) "1 FETESE
WS, RILEZARBAIT . T o0 0 o I s ke
MTV HAISEH ZE . 45 TLG 41 B EH E AR AT NLR (P=
0.026) . IM£LE T (P=0.004) . IfLiEFI&E T (P=0.021) .
ARHEGEIT (P=0.015) . T4 (P=0.015) 1451 £E7E
Giita#2:5%, BINLR, MLEAMMK. HEAMKRK. K
FZ RTOIGRIT T 43 W0 Ay i 98 5 &t v TLG (14 AH &

®2 BHERZFRRSHESKEHSHNEXED (%), N=104]
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Note: A.PET image of high TLG group (TLG=173.06). B. PET/CT fusion image of
high TLG group (TLG=173.06).C. PET image of low TLG group (TLG=55.63).
D. PET/CT fusion image of low TLG group (TLG=55.63).

El2 & TLG 58 TLG BERtE £ & MFIFRER "F-FDG PET/CT #/E %

Fig 2 Typical images of delayed *F-FDG PET/CT with high TLG and low TLG
patients with bladder cancer

Tab 2 Correlation analysis of clinical characteristics and PET/CT parameters in bladder cancer patients [ n(%) ,N=104]

SUVmax
Item <17.90 >17.90 X <7.39
(n=53) (n=51) value - value (n=52)
Gender 0352 0.553
Male 44 (83.0) 40 (78.4) 41 (78.8)
Female 9(17.0) 11 (21.6) 11(21.2)
Age 0.000  0.985
<65 years 24 (45.3) 23 (45.1) 22 (42.3)
>65 years 29 (54.7)  28(54.9) 30 (57.7)
NLR 2465 0.116
<3.21 37(69.8)  28(54.9) 37(71.2)
>3.21 16 (30.2) 23 (45.1) 15 (28.8)
Hemoglobin 3.245  0.072
Low 4(7.5) 10 (19.6) 4(7.7)
Normal 49 (92.5) 41 (80.4) 48 (92.3)
Albumin 0.628 0.428
Low 4(7.5) 2(3.9) 1(1.9)
Normal 49(92.5) 49 (96.1) 51(98.1)
Preoperative treatment 0.116  0.734
Yes 41 (77.4) 38 (74.5) 44 (84.6)
No 12 (22.6) 13 (25.5) 8 (15.4)
Pathological type 0.197  0.657
uC 50 (94.3) 47(92.2) 49 (94.2)
Non-UC 3(5.7) 4(7.8) 3(5.8)
T stage 0292 0.864
T1 23 (43.4) 22 (43.1) 29 (55.8)
T2 22 (41.5) 23 (45.1) 18 (34.6)
T3-T4 8 (15.1) 6(11.8) 5(9.6)
Lymph node metastasis 0.026  0.872
Negative 43 (81.1) 42 (82.4) 43 (82.7)
Positive 10 (18.9) 9(17.6) 9(17.3)

MTV

TLG

>7.39 X <119.21 >119.21 X i
(n=52) value value ) (n=37) value value

0.248  0.402 0336 0.380
43 (82.7) 53(79.1)  31(83.8)
9(17.3) 14 (20.9) 6(16.2)

0349 0.347 0277 0374
25(48.1) 29(43.3) 18 (48.6)
27 (51.9) 38 (56.7)  19(51.4)

3323 0.052 4701 0.026
28 (53.8) 47 (70.1) 18 (48.6)
24 (46.2) 20(29.9) 19 (51.4)

2971 0.075 9.073  0.004
10 (19.2) 4(6.0) 10 (27.0)
42 (80.8) 63 (94.0) 27 (73.0)

2.830  0.102 6336 0.021
5(9.6) 1(1.5) 5(13.5)
47 (90.4) 66 (98.5) 32 (86.5)

4265  0.033 5989  0.015
35(67.3) 56 (83.6) 23 (62.2)
17 (32.7) 11 (164)  14(37.8)

0.153  0.500 0.161 0518
48 (92.3) 62(92.5)  35(94.6)
4(7.7) 5(7.5) 2(5.4)

6.698  0.035 8.449  0.015
16 (30.8) 36 (53.7) 9(243)
27 (51.9) 24 (35.8)  21(56.8)
9(17.3) 7 (10.4) 7 (18.9)

0.064  0.500 0432 0.343
42 (80.8) 56 (83.6) 29 (78.4)
10 (19.2) 11 (16.4) 8(21.6)

Note: The corrected chi-square value was used when the number of cases in a single cell was less than 5.
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2.3 EAES BT

¥ H] Kaplan-Meier i 23 il 2E A7 2 (1813), IR
Log-rank V5737 T A7 i R 280 55 PET/CT AU 2 80 #iUs
£ (F3), ZRE/RNLR (P=0.002), RATIHITF (P=
0.005) . TZr# (P=0.036) . W 455 % (P=0.008) .
SUVmax (P=0.033), MTV (P=0.000), TLG (P=0.000)
) PFS Al ] b3 22 A S it = X, Rujigyr (p=
0.000), T4r (P=0.044). MTV (P=0.003). TLG (P=
0.000) [y OS ZH[H] #5222 5 A geit e Lo R &R
Cox AU [l ISR 43 #r nf #5, NLR (P=0.003) . RAGIHIT

A
100
80
60
xX
2
o 40
—i— LN metastasis(—) group
200 —— 1IN metastasis(+) group
0 10 20 30 40 50
t/month
&
100 F
80
e 60
%
55
e
40
== Low TLG group
20 ¢ —— High TLG group
0 10 20 30 40 50
t/month
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(P=0.006) . T/H¥ (P=0.025). WELEE:H (P=0.011) .
SUVmax (P=0.037), MTV (P=0.000), TLG (P=0.000)
A& X R 5 PFS (9 00 4 fi, AR ETIRYT (P=0.001) |
MTV (P=0.019). TLG (P=0.002) H % %I AR5 OS (i
AR . KBS R A 2 2 Cox AL HpifE— 25 0 iF
Bon, WMELEHEBEN (P=0.016) 5 TLG (P=0.000)
S ARG RS PRS 9IS, WU R, RATIR YT 1 O
(P=0.014) 5 TLG (P=0.013) fZARA ARG OS (i 1h 37
JFHER (£4).

B

100

80
. 60 F
=
%
o

40

== Preoperative treatment(—) group
20 - ——Preoperative treatment(+) group
0 10 20 30 40 50
t/month
D

100

80
. 60 F
x
%2
@]

40

——Low TLG group
20 == High TLG group
0 10 20 30 40 50
t/month

Note: A. Survival analysis for PFS with lymph node metastasis groups (P=0.008). B. Survival analysis for OS with preoperative treatment groups (P=0.000). C. Survival
analysis for PFS with TLG groups (P=0.000). D. Survival analysis for OS with TLG groups (P=0.000).

E3 Kaplan-Meier £ F & L REMBEERRSHANTEER

Fig 3 Survival analysis of different factors in bladder cancer patients by Kaplan-Meier method

*®3 AESEARFEMREEEEFMEZR Log-rank 116
Tab 3 Log-rank test for survival curves of different factors in bladder

cancer patients

PES (O]
Item
x value P value Y value P value
Gender 0.085 0.771 0.137 0.711
Age 0.123 0.726 0.073 0.787
NLR 9.454 0.002 0.376 0.540
Hemoglobin 3.780 0.052 3.818 0.051
Albumin 0.632 0.427 2.124 0.145
Preoperative treatment 7.932 0.005 14.606 0.000

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

Continued Tab

PFS 0S
Item
1 value P value Y value  Pvalue
Pathological type 0.897 0.344 0.022 0.882
T stage 6.667 0.036 6.261 0.044
Lymph node metastasis 7.031 0.008 0.156 0.693
SUVmax 4.560 0.033 3.548 0.060
MTV 16.473 0.000 8.683 0.003
TLG 21.540 0.000 14.319 0.000

Note: The grouping methods were the same as Tab 2.
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Tab 4 Cox regression of different factors for PFS and OS in bladder cancer patients

PFS os
Item Univariate Multivariate Univariate Multivariate

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value
Gender 1.140 (0.472-2.754) 0.771 - - 1.276 (0.351-4.636) 0.712 - -
Age 0.886 (0.451-1.741) 0.726 - - 1.163 (0.388-3.483) 0.787 - -
NLR 2.796 (1.410-5.544) 0.003  2.804 (0.946-4.592)  0.069 1.406 (0.471-4.201) 0.542 - -
Hemoglobin 0.463 (0.209-1.026) 0.058 = = 0.327 (0.101-1.064) 0.063 = =
Albumin 0.621 (0.189-2.035) 0.431 - - 0.342 (0.075-1.552) 0.165 - -
Preoperative treatment 0.386 (0.195-0.766) 0.006  0.579 (0.230-1.458)  0.246 0.139 (0.043-0.453) 0.001 0.220 (0.066-0.734) 0.014
Pathological type 0.395 (0.054-2.892) 0.361 - - 1.167 (0.152-8.984) 0.882 - -
T stage 1.706 (1.068-2.726) 0.025  1.071 (0.594-1.931)  0.819 1.975 (0.924-4.221) 0.079 = =
Lymph node metastasis ~ 2.566 (1.246-5.285) 0.011  2.433(1.179-5.022)  0.016 1.296 (0.357-4.712) 0.694 - -
SUVmax 2.151 (1.047-4.421) 0.037  1.015(0.422-2.443)  0.874 3.230 (0.888-11.742)  0.075 - -
MTV 4.796 (2.082-11.051) 0.000  2.880 (0.903-8.682)  0.074 11.445 (1.482-88.379)  0.019 4.041 (0.220-74.275) 0.295
TLG 4.603 (2.270-9.335) 0.000  4.499 (2.216-9.134)  0.000 10.407 (2.304-47.008)  0.002 7.107 (1.525-33.127) 0.013

Note: The grouping methods were the same as Tab 2.
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