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18The impact of IV contrast enhanced F-FDG PET/CT on the 

staging of bladder cancer

Abstract
Objective: The aim of this retrospective study was to compare the diagnostic accuracies of conventional ra-
diological imaging (CI) methods magnetic resonance imaging or computed tomography (MRI or CT) and in-
travenous (IV) contrast enhanced (CE) �uorine-18-�uorodeoxyglucose positron emission tomography/CT 

18 18( F-FDG PET/CT) for the staging of bladder cancer (BC). Materials and Methods: The F-FDG CE-PET/CT 
results of 35 consecutive patients with BC were analyzed. Diagnostic value of CE-PET/CT and CI are compa-
red for their accuracy in revealing primary tumors, nodal-distant metastasis, and the �nal tumor staging. The 
imaging results were compared with the gold standard, including of histopathology and clinical follow-up. 
We also investigated the e�ect of maximum standardize uptake value(SUVmax) and lymph node metastasis 
on survival. Results: The CE-PET/CT had a diagnostic accuracy of 89% (31/35), compared to 57% (19/35) for 
CI. The results of CE-PET/CT imaging lead to upstaging in 37% (13/35) patients compared to CI staging. For 
primary tumor detection, the sensitivity of CE-PET/CT was 97% (34/35). Contrast enhanced-PET/CT detected 
nodal metastases in 19 (54%) patients, whereas CI detected in 9 (26%) patients. Contrast enhanced-PET/CT 
detected distant metastases in 14 (40%) patients, while conventional methods showed distant metastases in 
9 (26%) patients. Maximum SUV of primary tumor does not have a signi�cant e�ect on survival, whereas the 
median survival time of patients without lymph node metastasis is longer than patients who have lymph no-

18de metastasis (P=0.038). Conclusion: These data suggest that F-FDG CE-PET/CT had good diagnostic per-
formance compared to conventional imaging for detecting primary tumor, nodal and distant metastasis in 
BC. Upstaging by CE-PET/CT changed the management of patients.
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Introduction

Bladder cancer (BC) is the most common form of urinary system malignancy. It is 
responsible for 3% of new cancer cases and 2.1% of cancer-related deaths 
worldwide, and it is seen four times more frequently in men than women [1]. For 

invasive BC, radical cystectomy (RC) with bilateral pelvic lymph node dissection is recom-
mended as the standard treatment method [2].

Conventional imaging techniques, such as non-enhanced or contrast-enhanced (CE) 
abdominal and pelvic computed tomography (CT) or magnetic resonance imaging 
(MRI), are usually preferred for pre-treatment staging. Because CT and MRI function as a 
morphological evaluation, they may be inadequate for detecting metastatic lymph no-

18des smaller than 1cm [3]. Fluorine-18-�uorodeoxyglucose ( F-FDG) urinary excretion 
and high uptake in the bladder due to urine create challenges in detecting bladder-wall 
invasion and thereby limit the use of positron emission tomography (PET)/CT in BC. 

18However, some studies have indicated that F-FDG PET/CT has 50%-70% sensitivity and 
high speci�city in detecting metastatic lymph nodes and can also reveal sub-centimetric 
nodes [4-7]. Accurate lymph node mapping and the detection of distant metastases are 
important for preoperatively determining surgical margins and for disease management 

18in general. A recent multicentre retrospective study showed that F-FDG PET/CT �n-
dings were associated with increased survival in urothelial carcinomas [8].

In this retrospective study, we aim to compare conventional imaging methods with in-
18travenous CE F-FDG PET/CT in tumour node metastasis (TNM) staging of BC and to in-

vestigate the association of PET/CT �ndings with patient survival.

Materials and Methods

Patients
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Thirty-�ve patients who received a histopathological diag-
nosis of bladder cancer underwent routine conventional 

18imaging and F-FDG CE-PET/CT for staging were included in 
our study. All patients were followed for 3 years with mini-
mum 1 year after diagnosis. Pathological evaluation and 
imaging modalities were used for disease staging. Patients 
with a known secondary tumor before imaging, patients 
with radiocontrast media allergy and patients lost to follow-

18up were excluded. Time between F-FDG CE-PET/CT ima-
ging and disease-related death was calculated as survival ti-
me. In survivors, the last date of follow-up was used to calcu-
late survival time. This study was conducted in concordance 
with good clinical practice guidelines and the current laws. 
The present study protocol was reviewed and approved by 
the Institutional Review Board Ethics Committee (Decision 
no: 14-A-29). 

18F-FDG PET/CT protocol
Positron emission tomography/CT images were acquired 
using Siemens mCT 20 excel LSO PET/ CT scanner (Siemens 
Molecular Imaging, Ho�mann Estates, Illinois, USA). Overall, 

183.7-5.2MBq/kg of F-FDG was injected intravenously after 
minimum 6 hours of fasting, with a serum glucose level un-
der 140mg/dL. The patients were provided with 1.5 liters of 
water during the time between injection and imaging. All pa-
tients underwent early whole-body imaging for 50-70 mi-
nutes after injection, while 29 patients underwent pelvic late 
imaging (2 hour) with full bladder. Computed tomography 
imaging for PET/CT was performed using a multidetector 
scanner with 20 slices, at 80-140kV, 20-266mAs, 0.8 pitch, and 
512×512 matrix auto-matically de�ned by the software. 
Computed tomography images were taken 50 seconds after 
injecting 75-100mL (300 mg/mL) of non-ionic contrast mate-
rials intravenously through forearm veins using an automa-
ted injection system (Ulrich medical system; Ulrich Medical, 
Ulm, Germany). Computed tomography imaging was perfor-
med between vertex and upper thigh in craniocaudal direc-
tion with 5mm of slice thickness and 0.5s of rotation time. 
Then, PET imaging was performed in the same range thro-
ugh craniocaudal direction at 8-9 bed positions, 1.5min for 
each PET bed. Ultra HD images were acquired using time-
o�ight +True X algorithm for PET/CT at iteration 2 and sub-
set 16 values for reconstruction. 

Interpretation of  PET/CT images
Images acquired from all patients were evaluated by two nuc-
lear medicine attending physicians with a 10-year experience 
in PET/CT, at the workstation both visually and semi-quanti-
tatively at axial, coronal, and sagittal planes. Positron emis-
sion tomography/CT image evaluation was done unaware of 
the previous imaging results of patients. For visual evaluation, 

18foci of increased F-FDG uptake compared with the backgro-
und and CT �ndings were evaluated in conjunction. For semi-
quantitative analysis, maximum standardized uptake value 

18(SUVmax) was measured in foci with increased F-FDG upta-
ke in visual evaluation and considered to be a lesion. Maxi-
mum SUV was calculated by placing the volume-of-interest 
(VOI) at 1-2cm diameter on the most active-looking slice of 
18F-FDG positive lesions. Maximum SUV of the primary tumor 
and detected lymph nodes were measured on both early and 

18late images. Focal F-FDG uptake with an abnormal soft tis-
sue mass or a lymph node on CT counterpart was considered 
signi�cant for malignancy. Standardized uptake values were 
considered in semi-quantitative evaluation, but interpreta-
tion was based on visual evaluation. Maximum tumor diame-
ter was measured from the axial CE-CT scan of the PET/CT 
imaging.

Computed tomography 
Computed tomography imaging with intravenous non-io-
nic contrast material at portal venous phase (delayed 70s, 
slice width 2mm) was performed on 24 patients using a 128-
slice Phillips Brilliance multidetector CT (Philips Medical Sys-
tems, Cleveland, Ohio, USA). Computed tomography ima-
ges were acquired with 128×0.625mm collimation, 0.5s of 
rotation time, 1 pitch, 300-450mAs (personalized settings 
determined by automatic exposure control system), and 120 
kV parameters. Overall, 75mL of non-ionic contrast material 
was injected at 3mL/s injection velocity through the forearm 
veins using an automatic injector (Covidien OptiVantage 
DH, Mallinkrodt, Cincinnati, Ohio, USA). 

Morphological criteria regarding size and shape were 
used for discrimination between benign and malignant lym-
ph nodes. The parameters observed on CT included the size 
(we just evaluated the lymph nodes with maximum short-
axis diameter ≥10mm) and morphologic characteristics (in-
cluding the presence of the fatty hilum of lymph nodes, the 
ratio of short-axis/long-axis diameter of lymph nodes, and 
the margin) of the lymph nodes; the inhomogeneous tumor 
like enhancement and the presence of necrosis inside lymph 
nodes were considered as metastatic. 

Magnetic resonance imaging 
Magnetic resonance imaging was performed on 11 patients 
included in our study by using a superconducting magnetic 
resonance scanner with a 1.5T main magnetic �eld (Signa 
HDxt; GE Healtcare, Milwaukee, Wisconsin, USA). Gadoli-
nium-containing contrast material was administered by ma-
nual intravenous bolus injection at 0.2mL/kg dose. We evalu-
ated the following characteristics of MR images of lymph no-
des: the presence of lymph nodes only with maximum short-
axis diameter of at least 10mm and morphology; enhance-
ment degree of lymph nodes (an enhancement degree simi-
lar to that of the bladder muscle layer indicates remarkable 
enhancement and a lower degree indicates mild�moderate 
enhancement); and necrosis in lymph nodes. The maximum 
tumor diameter was measured at the site of the maximum 
tumor area on axial T2-weighted images.

 Statistical analysis
Mean, standard deviation, median, minimum, maximum, 
frequency and ratio were used as descriptive statistics, whe-
re applicable. The distribution of variables was analyzed us-
ing Kolmogorov-Smirnov test. Kappa reliability test was 
used for reliability analysis. LogRank test was used to evalu-
ate the e�ect of categorical parameters on survival time. Cox 
regression analysis was preferred for evaluating continuous 
variables including SUVmax. Critical value for signi�cance 
was set as 0.05. All analyses were performed by using Med-
Calc Statistical Software version 12.7.7 (MedCalc Software 
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bvba, Ostend, Belgium; http://www.medcalc.org; 2013).

Results

Among 35 patients included in the study, 2 (5.7%) patients 
were female and 33 (94.3%) were male. Their mean age was 
67.5±9.2 years (range: 48-81). Fifteen patients underwent 
cystectomy and pelvic lymph node dissection. Later histo-
pathological examination revealed that one (3%) of these 
patients had sarcomatoid urothelial carcinoma and 14 (40%) 
had invasive urothelial carcinoma. Twenty patients (57%) 
who were not operated underwent transurethral resection 
(TUR) biopsy and were revealed to have invasive papil-
lary/urothelial carcinoma. Four patients received radiation 

therapy (RTx), 4 patients received chemotherapy (CTx), and 
10 patients received both RTx and CTx (CRTx). Among ope-
rated patients, 1 received RTx and 3 received CTx. One pati-
ent with stage 4 disease was lost before initiating therapy. 

18The sensitivity of F-FDG CE-PET/CT imaging for primary 
tumor was 97% (34/35) and it only failed to show the pri-
mary tumor in one patient who were diagnosed with super-
�cial carcinoma via TUR biopsy. Twenty-nine patients under-
went lower-abdominal pelvic late imaging with full bladder 
1 hour after routine PET/CT image acquisition, aiming to 
better evaluate the margins of primary tumor with the help 
of contrast media in the bladder (Figure 1). As a result, pri-
mary tumor mean SUVmax was 15.8±5.3 in early imaging 
while it was 21.3± 7.5 in delayed imaging and the increase in 
delayed imaging was found to be statistically signi�cant (P< 
0.001). Maximum SUV of patients are summarized in Table 1. 

Figure 1. A 72-years-old man, who was diagnosed with urothelial carcinoma after TUR, underwent PET/CT imaging. While prevesical metastatic lymph node (arrows) is 
not clearly di�erentiated from the bladder walls in the �rst hour (early) images (A:CT-PET-Fusion images), it is clearly distinguished in the second hour (delayed) images 
(SUVmax:39.9) (B:CT-PET-Fusion images). While the primary tumor is not clearly di�erentiated in the early image, residual tumor tissue (dashed arrows) in the right ante-
rolateral wall is clearly distinguished in the delayed images (C: CT-PET-Fusion images). Biopsy of the hypermetabolic nodular lesion (SUVmax:17.3) observed in the poste-
robasal segment of the right lung in the MIP image was reported as bladder cancer metastasis.

Table 1.Comparison of primary tumor SUVmax in early and delayed imaging.

Min-Max Median Ort.±s.s. P

T SUVmax1 7.2-27.5 15.3 15.8±5.2 w< 0.001

T SUVmax2 10.0-37.6 21.7 21.3±7.5

LNSUVmax1 2.4-27 6.5 8.5±5.6 
w< 0.001

LNSUVmax2 2.8-39.9 10.9 12±7.9

Wilcoxon Signed Ranks Test
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Fluorine-18-FDG CE-PET/CT evaluation for nodal staging 
showed 3 cases with N1, 5 cases with N2, and 11 cases with 
N3 disease, whereas CI revealed 4 patients with N1, 2 with 
N2, and 3 with N3 disease.

Fluorine-18-FDG CE-PET/CT showed distant metastases 
in 14 patients (40%), 8 (23%) of which were lung, 5 (14%) of 
which were bone, 2 (6%) of which were non-pelvic lymph 
node and 1 (3%) of which were adrenal metastases. On the 
other hand, conventional modalities detected distant me-
tastases in 9 patients (26%). 

As for clinicopathological stage, 8 patients (23%) were 
evaluated to have stage 1, 3 (9%) patients to have stage 2, 4 
(11%) patients to have stage 3, and 20 (57%) to have stage 4 
disease. However, 5 (14%) patients had stage 1, 4 (11%) pati-
ents had stage 2, 4 (11%) patients had stage 3, and 22 (63%) 
patients had stage 4 disease according to CE-PET/CT ima-
ging whereas  11 (31%) patients had stage 1, 7 (20%) pati-
ents had stage 2, 3 (9%) patients had stage 3, and 14 (40%) 
patients had stage 4 disease according to conventional ima-
ging modalities. The results of CE-PET/CT imaging lead to 
upstaging in 37% (13/35) patients compared to CI staging.

Patients' clinicopathological stage showed 57% concor-
dance with radiological stage (P=0.001, Kappa= 0.314), whi-
le it showed 89% concordance with CE-PET/CT stage (P< 
0.001, Kappa= 0.770). The stage reliability analyses are sum-
marized in Table 2. 

A 71-years-old male patient who had a bladder tumor sta-
18ged as T4N2M1 on CE-PET/CT was also found to have high F-

FDG uptake in 1.2cm wall thickness on sigmoid colon, inter-

preted as synchronous colon tumor. Colonoscopic biopsy re-
vealed adenocarcinoma. The patient underwent radical cys-
toprostatectomy, pelvic lymph node dissection and rectosig-
moidectomy. The pathological examination showed pT2a 
adenocarcinoma for colon and pT4N2 invasive urothelial car-
cinoma for bladder. This synchronous tumor in rectosigmoid 
colon and metastatic lymph nodes did not appear in ab-
dominal CT obtained prior to CE-PET/CT imaging (Figure 2).

Another patient who had a bladder tumor staged as 
T2N0M0 with conventional imaging was found to have an 
8x10cm mass in anterior mediastina with SUVmax:18.5 (late 
SUVmax:23.9) in CE-PET/CT imaging. Contrast enhanced-
PET/CT evaluated the bladder tumor as T2N0M0 and the 
mass in the anterior mediastinum as thymus-derived syn-
chronous tumor. The true-cut biopsy of the mass revealed 
type 2b thymoma. Three patients who underwent cysto-
prostatectomy were also found to have T1 prostate adeno-
carcinoma (Gleason score 3+3), however, both CE-PET/CT 
and CI failed to show these tumors. 

After approximately 3 years of follow-up, overall median 
survival was found to be 9 months and 26 patients (74%) we-
re lost due to bladder cancer. Univariate analyses found that 
the presence of lymph node metastases (Figure 3), lymph 
node stage and clinicopathological stage were associated 
with overall survival (OS) (P=0.002, P<0.001, and P=0.001, 
respectively). Yet, multivariate analyses failed to show this 
association (P>0.05). Primary tumor SUVmax and lymph 
node SUVmax values had no signi�cant association with OS 
in univariate analyses (P>0.05) (Table 3). 
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Table 2.Comparison of clinicopathological stage with conventional imaging and Ce-PET/CT staging.

Clinicopathological Stage (CPS)

I II III IV Reliability % Kappa/P

CI Stage

I 6 2 0 3

II 1 1 3 2 CI.Stage = CPS n=20 / 57% Kappa= 0.314    

III 1 0 0 2 CI.Stage = CPS n=3 / 9% P=0.001

IV 0 0 1 13 CI.Stage = CPS n=12 / 34%  

PET/CT 
Stage

I 5 0 0 0   

II 1 3 0 0 PET.Stage = CPS n=31 / 89% Kappa= 0.770

III 1 0 3 0 PET.Stage = CPS n=4 / 11% P<0.001

IV 1 0 1 20 PET.Stage = CPS n=0 / 0%  

Kappa reliability analysis, CI: conventional imaging



B

Figure 3. Association of the presence of lymph node metastasis with survival (Kaplan-Meier).

18Figure 2. A 71-years-old man who had a bladder tumor underwent PET/CT. In the �rst hour (early) images (A: CT, PET, Fusion images), the increased F-FDG uptake 
(SUVmax: 11) observed in the bladder walls became prominent in the second hour (late) images (B: CT, PET, Fusion images) (SUVmax: 15.7)and the tumor invades the rec-

18tum and prostate gland (not shown). In the late images (B) of the lymph nodes observed in the bilateral parailiac area(dashed arrows), a signi�cant increase in F-FDG upta-
18ke is observed, and the early-late SUVmax values were 4.36 and 11.1, respectively. Intense F-FDG uptake (SUVmax: 16.8) is observed in early and late images in the sig-

moid colon (arrows).The pathological examination showed pT2a adenocarcinoma for colon and pT4N2 invasive urothelial carcinoma for bladder.

Discussion

Bladder cancer is the most common cancer of the urinary sys-
tem, with 75% super�cial and 25% invasion to muscle tissue 
[9]. Muscle invasion increases the risk of distant metastases, 
which are most encountered in lymph nodes, bone, lung and 
liver [10]. Standard staging of bladder cancer is performed 
using TNM staging based on primary tumor (T), lymph node 
(N), and distant metastasis (M) [11]. 

In a study that evaluated 34 patients for initial staging after 
18transurethral biopsy, F-FDG PET/CT was found to have 

87.5% sensitivity, 80% speci�city, and 82% accuracy while 
these rates were 66%, 57%, and 60% for CT, respectively. 

18Among 43 evaluated for re-staging, F-FDG PET/CT was fo-
und to have 85% sensitivity, 60% speci�city, and 70% accu-
racy while these rates were 80%, 50%, and 58% for CT, respec-
tively. Maximum SUV for primary tumor, ranged from 5.7 to 
30.4 and for lymph node metastases ranged from 3.5 to 13.8. 
The rate of detecting primary tumor with histopathological 
con�rmation was 88% for both PET/CT and CT [12]. In their 
study with 54 patients who have locally advanced bladder 
cancer, Aljabery et al. (2015) reported 86% speci�city, 58% 
positive predictive value (PPV), and 76% negative predictive 
value (NPV) for PET/CT while only reporting 89% speci�city, 
64% PPV, and 77% NPV for CT [13]. In our study, the sensitivity 

18of F-FDG CE-PET/CT for localizing primary tumor was 97% 
(34/35) and the primary tumor could not be shown in one
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patient with super�cial carcinoma diagnosed with TUR be-
fore imaging. 

18Jeong et al. (2015) compared F-FDG PET/CT with CT for 
lymph node (LN) staging in patients with T1 (n=9) and muscle 
invasive bladder cancer (MIBC) (n=52). In patient-based ana-
lyses, they found that PET/CT had 47.1% sensitivity, 93.2% 
speci�city, 72.7% PPV, and 82.0% NPV while CT had 29.4% 
sensitivity, 97.7% speci�city, 78.2% PPV, and 78.2% NPV. The 
authors reported that PET/CT had low sensitivity for LN sta-
ging of MIBC and it did not increase the diagnostic accuracy 
of CT for LN metastasis. This can be a�ected by various fac-
tors, such as the patient population included, extent of LN dis-
section, and cut-o� value of SUV [14].

In 78 patients with bladder cancer who had histopathologi-
cal con�rmation with radical cystectomy, Soubra et al. (2016) 

18found the sensitivity and speci�city of F-FDG PET/CT to be 
56% and 98%, respectively, for nodal metastasis [15]. In ano-
ther study, CT scan had 46% sensitivity and 98% speci�city 
and PET/CT scan had 68% sensitivity and 95% speci�city for 

18pelvic LN involvement (n = 93) [16].  In our study, F-FDG CE-
PET/CT evaluation for nodal staging showed 3 cases with N1 
disease, 5 cases with N2 disease, and 11 cases with, whereas 

conventional modalities revealed this numbers to be 4, 2, and 
3, respectively, indicating a signi�cant superiority for CE-PET/ 
CT.

In their study with 207 high-risk bladder cancer with or 
without muscle invasion, Goodfellow et al. (2014) compared 
the roles of PET/CT and CT in distant metastases and found 
the sensitivity of PET/CT and CT to be 54 and 41%, respecti-
vely. Both modalities had similar speci�cities of 97 and 98% 
(16). In our study, CE-PET/CT showed distant metastases in 14 
patients (40%) while conventional modalities detected dis-
tant metastases in only 9 patients (26%).

18In a previous study, preoperative F-FDG PET/CT imaging 
detected 47% more malignant lesions than CT in patients 
with high-risk MIBC and changed the treatment plans of 
27% of patients [17]. A recent study has reported 28% up-
staging and 1% downstaging with PET/CT [18]. In our study, 
the results of CE-PET/CT imaging lead to upstaging in 37% 
(13/35) patients compared to CI staging. We also found a sig-
ni�cant concordance with CE-PET/CT stage and clinicopa-
thological stage. Patients' clinicopathological stage showed 
57% concordance with radiological stage, while it showed 
89% concordance with CE-PET/CT stage. This may be due to

Table 3. Impact of SUVmax, stage and lymph node metastasis variables on survival.

Median survival (months) Odds ratio
95% CI

Lower -upper
P

Clinicopathological stage 2                                    0.001

                                                 1 62.7 (:mean) 47.7-77.6

                                                 2 41 8.9-73.0

                                                 3 11 -

                                                 4 7 6.1-33.9

Lymph Node Metastasis 2                                     0.002

                                             Yok 41.0 13.6-70.6

                                              Var 5.0 0.0-11.8

Lymph Node Stage 2                                    <0.001

                                                 0 41.0 13.6-70.6

                                                 1 47.0 0.0-112.0

                                                 2 5.0 0.0-11.4

                                                 3 2.0 2.08-3.3

Lymph node SUVmax - 0,986 0.904-1.076 10.753

Tumor SUVmax - 0,991 0.810-1.074 10.834

1 2Log Rank test, CI: Con�dence Interval, Cox Regression Analysis



CE-PET/CT imaging and evaluation according to additional 
image acquisition. There is no similar study in the literature 
regarding CE-PET/CT in bladder cancer to compare with our 
�ndings. However, studies that investigate the role of CE-
PET/CT in renal, larynx and ovarian malignant neoplasms 

18showed F-FDG CE-PET/CT to be superior to conventional 
imaging modalities [19-21].

Yoon et al. (2017) reported the sensitivities of early dynamic 
(ED), whole-body (WB, 60minutes after injection), and addi-
tional delayed (AD, 120 minutes after injection) PET imaging 
for bladder cancer to be 84.6%, 57.7%, and 61.2%, respecti-
vely. The sensitivity of ED PET was signi�cantly higher than 
that of WB (P= 0.002), and AD PET (P=0.008) [22]. In our study, 
29 patients underwent lower-abdominal pelvic late imaging 
with full bladder 1 hour after routine PET/CT image acquisi-
tion, achieving better evaluation of the margins of primary 
tumor with the help of contrast media in the bladder.

The use of IV contrast media increases the CT Houns�eld 
units in contrasting area. These areas in turn were transfor-
med to artifactually high PET attenuation factors and ulti-
mately led to an overestimation of SUV values. An appro-
ximately 8.4% increase in SUVmax has been reported in 
malignancies [23]. Because of IV contrast there is an increase 
in SUV values compared to other studies that use low-dose 
CT and this is the reason that our SUV values are higher than 
those of previous studies.

Contrast enhanced-PET/CT revealed type 2b thymoma in 
one patient and adenocarcinoma of sigmoid colon in ano-
ther patient in our study. Similar studies also found synchro-
nous tumors in 3% of patients [16].

Several studies have shown that nodal involvement in BC 
is signi�cantly associated with a higher risk of recurrence 
and worse cancer-speci�c mortality after radical cystectomy 

18[24]. Extravesical F-FDG avid lesions, suspicious for malig-
nancy on PET/CT, were correlated with mortality in 211 pa-

18tients with MIBC and the data suggested that F-FDG may 
be an independent prognostic indicator of mortality [25].

Alongi et al. (2017) reported that, nodal and metastatic 
PET-de�ned involvement predicted increased risk of dise-
ase progression only at univariate analysis (nodal involve-
ment HR=3.7, P=0.006; distant metastases HR=2.7, P= 
0.038). By evaluating semi-quantitative PET parameters in 
those patients with positive �ndings (n=21), SUVmax>6 and 
total lesion glycolysis (TLG)>8.5 were found to be the 
optimal thresholds to predict progression-free survival 
(PFS) (2-year PFS 62% for SUVmax<6 vs. 15% for SUVmax>6; 
2-year PFS 66% for TLG<8.5 vs. 18% for TLG>8.5). Cox regres-
sion analysis showed signi�cant results only for SUVmax >6 
(univariate HR=4; P=0.018; multivariate HR=5.08; P=0.045) 
and for SUVmean >4.5 (univariate HR=2.3; P=0.012) [26]. In 
our study, univariate analyses found that the presence of 
lymph node metastases, lymph node stage and clinicopa-
thological stage were associated with overall survival (P= 
0.002, P<0.001, and P=0.001, respectively), yet, multivariate 
analyses failed to show this association. Primary tumor 
SUVmax and metastatic lymph node SUVmax values had no 
signi�cant association with OS in univariate analyses.

 
Study limitations 
Our study's limitations include its relatively low sample size, 

all patients undergoing radical cystectomy + pelvic lymph 
node dissection, evaluating OS rather than PFS and inclu-
ding patients receiving di�erent treatment modalities. 

18In conclusion, these data suggest that F-FDG CE-PET/CT 
had much more diagnostic accuracy compared to conven-
tional imaging methods for detecting primary tumor, and 
also nodal and distant metastasis in BC. More e�ective tu-
mor staging used with CE-PET/CT can lead to changes in pa-
tient management, contribute to predicting prognosis, and 
may have a positive impact on survival rates.
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