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Abstract
Objectives: This retrospective study aimed to evaluate the prognostic importance of 18F-fluorodeoxyglucose (18F-FDG)-positive pelvic lymph nodes 
(LNs) and extra-pelvic disease on staging 18F-FDG positron emission tomography/computed tomography (PET/CT) in patients with bladder cancer.
Methods: Bladder cancer patients who underwent staging 18F-FDG PET/CT were included in the study. Histopathologic features of tumors, 
therapy histories, presence of distinguishable tumors on CT and PET images, sizes and maximum standardized uptake value (SUV

max
) of primary 

tumors, total numbers, sizes, and SUV
max

 of 18F-FDG-positive pelvic and extra-pelvic LNs, and total numbers and SUV
max

 of distant metastases 
(M1a/1b) were recorded. Patients were followed up until death or the last medical visit. Factors predicting overall survival were determined using 
Cox regression analysis.
Results: Fifty-five patients [median age: 70 (53-84), 48 (87.3%) male, 7 (12.7%) female] with bladder cancer were included in this study. Twenty-
nine (52.7%) patients had 18F-FDG positive pelvic LNs, while 24 (43.7%) patients had 18F-FDG positive extra-pelvic disease. Patients with 18F-FDG-
positive pelvic LNs had a higher rate of extra-pelvic disease (p=0.003). The median follow-up duration was 13.5 months. The median overall survival 
was 16.3 months [95% confidence interval (CI) 8.9-23.7]. The primary tumor distinguishability on PET (p=0.011) and CT (p=0.009) images, the 
presence of 18F-FDG-positive pelvic LNs (p<0.001) and 18F-FDG-positive extra-pelvic disease/distant metastases (M1a/M1b) (p<0.001), and the 
number of distant metastases (p=0.034) were associated with mortality. The 18F-FDG-positive extra-pelvic disease/distant metastases [p=0.029, 
odds ratio: 4.15 (95% CI 1.16-14.86)] was found to be an independent predictor of mortality in patients with bladder cancer.
Conclusion: The presence of 18F-FDG-positive extra-pelvic disease in pretreatment 18F-FDG PET/CT is an important prognostic factor in bladder 
cancer patients.
Keywords: Bladder cancer, 18F-FDG PET/CT, overall survival

Öz
Amaç: Bu çalışmanın amacı mesane kanseri hastalarında evreleme 18F-florodeoksiglikoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı 
tomografide (PET/BT) 18F-FDG pozitif pelvik lenf nodlarının ve ekstra-pelvik hastalığın prognostik önemini değerlendirmektir.
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Introduction

Bladder cancer (BC) is the tenth most common cancer 
and the thirteenth leading cause of cancer-related deaths 
worldwide according to the World Health Organization 
GLOBOCAN 2020 database (1). It is approximately 4 times 
more common in men than in women (1). Tobacco smoking 
is the most critical cause of BC, with an attributable risk 
of approximately 50% (2). The global geographic and 
temporal distribution patterns of BC reflect the prevalence 
of tobacco use (1,3).

Urothelial BC is the most common histopathological 
subtype. BC is a heterogeneous clinical spectrum that 
includes non-muscle-invasive and muscle-invasive diseases. 
Approximately 75% of patients have a non-muscle-invasive 
disease confined to the bladder mucosa/submucosa, 
whereas the remaining 25% have a muscle-invasive disease 
at the time of diagnosis (4). Therapy management and 
prognosis differ substantially from each other. 

Early diagnosis and accurate staging, and individualized 
treatment and follow-up, are crucial for a successful 
outcome in BC (5). Computed tomography (CT) and 
magnetic resonance imaging (MRI) are widely used for 
local staging, imaging of lymph nodes (LNs), and distant 
metastases despite some limitations. For instance, the 
assessment of LN metastases in CT and MRI is based on 
size; therefore, the identification of metastases in normal-
sized or minimally enlarged nodes is limited in these 
imaging modalities (6). 18F-fluorodeoxyglucose (18F-FDG) 
positron emission tomography/CT (PET/CT) is widely used 
for staging, restaging, and treatment response evaluation in 
various cancers. Initially, its use was limited in patients with 
BC due to the high urinary excretion activity of the ureters 
and bladder (7). Nevertheless, several studies have shown 
that PET/CT has a higher sensitivity in the determination 

of LN and distant metastases than CT and MRI, and it has 
caused a therapy management alteration in 19-68% of BC 
patients (8,9,10). Therefore, 18F-FDG PET/CT is increasingly 
being used in clinical practice, and its exact role continues 
to be evaluated (6). Recommendations of guidelines on 
the use of 18F-FDG PET/CT in BC increase over time. The 
National Comprehensive Cancer Network (NCCN) suggests 
that 18F-FDG PET/CT may be beneficial in selected patients 
with T2 (muscle-invasive disease) and in patients with 
≥cT3 disease (11). Moreover, PET/CT should be included 
in oligometastatic disease staging when considering 
radical surgery according to consensus statements of the 
European Association of Urology and European Society of 
Medical Oncology (12). 

In the era of precision oncology, early prediction of prognosis 
is important in patient management and personalized 
therapy. Identification of prognostic factors for malignancies 
is an important research topic in oncology. Several studies 
have demonstrated various clinicopathological prognostic 
factors in patients with BC. In addition to these factors, the 
findings of 18F-FDG PET/CT may have prognostic importance 
in terms of overall survival (OS). 18F-FDG PET/CT has been 
shown to be highly sensitive in detecting extravesical 
tumor deposits in BC patients. However, it is critical to 
know whether the findings detected in 18F-FDG PET impact 
prognosis in patients with BC. A limited number of studies 
have investigated its prognostic value (13). Therefore, our 
hypothesis was that the presence of 18F-FDG-positive pelvic 
LNs and extra-pelvic diseases may predict patients with a 
poorer OS. Treatment management and intensification can 
be modified in these patients accordingly. This study aimed 
to evaluate the prognostic importance of the presence 
of 18F-FDG-positive pelvic LNs and extra-pelvic disease on 
18F-FDG PET/CT in patients with BC.

Yöntem: Evreleme 18F-FDG PET/BT çalışması yapılan mesane kanseri tanılı hastalar çalışmaya dahil edildi. Tümörlerin histopatolojik özellikleri, BT 
ve PET görüntülerinde ayırt edilebilir tümör varlığı, primer tümörün boyut ve maksimum standartlaştırılmış tutulum değeri (SUV

maks
), 18F-FDG pozitif 

pelvik ve ekstra-pelvik lenf nodlarının sayı, boyut ve SUV
maks

 değerleri, uzak metastaz sayısı ve SUV
maks

 değerleri kaydedildi. Hastalar ölüme veya son 
hastane vizitine kadar takip edildi. Genel sağkalımı öngören faktörleri belirlemek amacıyla Cox regresyon analizi yapıldı.

Bulgular: Elli beş [medyan yaş: 70 (53-84), 48 (%87,3) erkek, 7 (%12,7) kadın] mesane kanseri tanılı hasta çalışmaya dahil edildi. Yirmi dokuz 
(%52,7) hastada 18F-FDG pozitif pelvik lenf nodu, 24 (%43,7) hastada ekstra-pelvik hastalık mevcuttu. 18F-FDG pozitif pelvik lenf nodu olan hastalar 
daha sık ekstra-pelvik hastalığa sahipti (p=0,003). Medyan izlem süresi 13,5 ay, medyan genel sağkalım 16,3 ay [%95 güven aralığı (GA) 8,9-23,7] 
bulundu. Univariant analizde PET (p=0,011) ve BT’de (p=0,009) primer tümör ayırt edilebilirliği, 18F-FDG pozitif pelvik lenf nodu varlığı (p<0,001), 
18F-FDG pozitif ekstra-pelvik hastalık/uzak metastaz varlığı (M1a/M1b) (p<0,001) ve metastaz sayısı (p=0,034) mortalite ile ilişkili bulundu. 
Multivariant analizde 18F-FDG pozitif ekstra-pelvik hastalık/uzak metastaz varlığı [p=0,029, olasılık oranı: 4,15 (%95 GA 1,16-14,86)] mesane 
kanseri hastalarında mortaliteyi öngörmede bağımsız risk faktörü olarak bulundu.

Sonuç: Evreleme 18F-FDG PET/BT çalışmasında 18F-FDG pozitif ekstra-pelvik hastalık varlığı önemli bir prognostik faktördür.

Anahtar kelimeler: Mesane kanseri, 18F-FDG PET/BT, genel sağkalım
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Materials and Methods

Patient Population 

This retrospective study was approved by the University 
of Health Sciences Türkiye, Ankara Dr. Abdurrahman 
Yurtaslan Oncology Training and Research Hospital Non-
invasive Clinical Research Ethics Committee (no: 2022-
09/167, date: 22.09.2022), and the requirement for 
informed consent was waived. Patients with histologically 
proven BC were included in this study. Patients who 
underwent a staging 18F-FDG PET/CT due to the presence 
of muscle-invasive BC, high-risk histopathologic subtype, 
and/or radiological equivocal findings (lung nodules, bone 
lesions, etc. on CT or MR images that were evaluated as 
an equivocal for metastasis by clinicians) were included 
in the study. However, patients who underwent surgery 
or received chemotherapy (CTx) and/or radiotherapy 
(RT) before 18F-FDG PET/CT imaging were excluded from 
the study. Furthermore, patients with secondary primary 
cancers were not included in the study.

Clinicopathological Features 

Demographic characteristics were evaluated using the 
hospital information system. Tumor histopathologic 
subtypes and the presence of muscularis propria invasion 
were recorded from pathology reports. Therapy histories 
[CTx, RT, chemoradiotherapy (CRT), and surgery] after 
PET/CT were recorded. Patients were followed until death 
or the last medical visit. Follow-up time was calculated from 
the date of PET/CT to the date of death, lost to follow-up, 
or the last medical visit. 

PET/CT Acquisition

All patients had fasted for at least 6 h before 18F-FDG 
PET/CT studies. The serum glucose levels measured at 
the time of 18F-FDG injections were 150 mg/dL. 18F-FDG 
was intravenously administered at a dose of 5.5 MBq/kg 
body weight. PET/CT images were obtained using a three-
dimensional Siemens Biograph True Point 6 PET/CT device 
60 min after 18F-FDG injection. A PET scanner and a 3-mm 
sliced multidetector CT scanner obtained simultaneous 
images in the same session. Low-dose CT images without 
intravenous iodinated contrast were used for attenuation 
correction and anatomical correlation. If nuclear medicine 
physicians required, some patients underwent dual-
phase 18F-FDG PET/CT with/without intravenous diuretic 
administration. Patients who underwent dual-phase pelvic 
imaging and their findings were recorded.

Image Analysis

Primary bladder tumors were assessed using PET/CT 
images. The presence of irregular wall thickening or mass 

formation was accepted as a distinguishable tumor on CT 
images. Primary tumors with distinguishable 18F-FDG uptake 
from background activity were recorded as distinguishable 
tumors on PET images. The sizes and maximum standardized 
uptake value (SUV

max
) of the primary tumors were recorded. 

The patients were evaluated for a synchronous tumor in 
the genitourinary tract on 18F-FDG PET/CT images.

LNs with distinguishable 18F-FDG uptake from background 
activity were accepted as 18F-FDG positive. The presence, 
total number, and SUV

max
 of 18F-FDG-positive pelvic and 

extra-pelvic LNs were recorded. Short-axis sizes of the 
largest 18F-FDG-positive pelvic and extra-pelvic LNs were 
measured.

Extra-pelvic 18F-FDG positive disease was accepted as 
distant metastases. M1a is the presence of 18F-FDG positive 
extra-pelvic LNs, whereas M1b is other distant metastases 
according to the 8th TNM staging system (14). The locations, 
total numbers, and SUV

max
 of distant metastases (M1a/1b) 

were recorded.

Statistical Analysis

Statistical analyses were performed using SPSS software 
version 21. The variables were investigated using visual 
(histogram, probability plots) and analytical methods 
(Kolmogorov-Smirnov/Shapiro-Wilk’s test) to determine 
whether or not they are normally distributed. Descriptive 
analyses were performed using frequencies for ordinal/
nominal variables, medians, minimum, and maximum 
values for non-normally distributed variables, and mean 
± standard deviation for normally distributed variables. 
The chi-square test was used to analyze the association 
between primary tumor distinguishability on PET/CT 
images, the presence and number of pelvic LNs, and the 
presence of extra-pelvic 18F-FDG-positive disease (M0/
M1a/M1b). The Kruskal-Wallis test was used to compare 
the features of primary tumors and pelvic LNs between 
the groups. Cox regression analyses were performed to 
determine the predictors of mortality in univariate and 
multivariate analyses. Regression analyses were performed 
using forward-conditional selection. Survival analysis was 
performed using the Kaplan-Meier method. An overall 5% 
type-1 error level was used to infer statistical significance.

Results 

Fifty-five patients with BC were included in this study. The 
median age of the patients was 70 (53-84). In 55 patients, 
48 (87.3%) were male and 7 (12.7%) were female. The 
indication for 18F-FDG PET/CT imaging was the presence 
of muscle-invasive (muscularis propria) BC in 39 (70.9%) 
patients, whereas it was radiologically equivocal in 12 
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(21.8%) patients. Moreover, 4 (7.3%) patients had high-
risk pathologic subtypes. Of these 4 patients, 1 had sarcoid 
subtype, 2 had small cell neuroendocrine carcinoma, and 1 
of whom was adenocarcinoma + small cell neuroendocrine 
carcinoma. 

The findings of 18F-FDG PET/CT are summarized in Table 1. 
The median size of the primary tumor was 25.0 (13.0-168.0) 
mm. The mean SUV

max
 of the primary tumor was 16.1±6.2. 

The total number of patients with a distinguishable primary 
tumor on CT (an irregular wall thickening or a mass 
formation) was 38 (69.1%). The total number of patients 
with a distinguishable primary tumor on PET images (higher 
18F-FDG uptakes from the background) was 32 (58.2%). 
Eight (14.5%) patients had dual-phase pelvic PET/CT scans, 
and three of them had a distinguishable primary tumor 
on late-phase PET scan. Five patients had a suspicion of 
synchronous tumors in the genitourinary tract on PET/CT 
images. 

Twenty-nine (52.7%) patients had 18F-FDG-positive pelvic 
LNs, whereas 24 (43.7%) patients had 18F-FDG-positive 
extra-pelvic disease (n=9 non-regional LNs, n=15 the 
other distant metastases). The total number of patients 

with bone, lung, and liver metastases was 9 (16.4%), 11 
(20.0%), and 3 (5.4%), respectively. 

There was a significant association between the presence of 
18F-FDG-positive pelvic LNs and extra-pelvic disease/distant 
metastases (M1a/M1b) (p=0.003). While 5 (19.2%) of 26 
patients without 18F-FDG positive pelvic LNs, 19 (65.5%) of 
29 patients with 18F-FDG positive pelvic LNs had 18F-FDG-
positive extra-pelvic disease. Patients with 18F-FDG-positive 
pelvic LNs had a significantly higher rate of extra-pelvic 
disease.

There was no significant association between the presence 
of 18F-FDG positive extra-pelvic disease and patient age 
(p=0.146), size (p=0.228) and SUV

max
 (p=0.520) of primary 

tumor, or size (p=0.289) and SUV
max

 (p=0.438) of pelvic 
LNs. Moreover, there was no significant difference between 
the presence of 18F-FDG-positive extra-pelvic disease/
distant metastases, primary tumor distinguishability on PET 
(p=0.145) and CT (p=0.225), and the number of 18F-FDG-
positive pelvic LNs (p=0.096).

The median follow-up duration was 13.5 months (3.2-
78.8, interquartile range: 23.1 months). Four patients 
underwent cystectomy. The total numbers of patients who 

Table 1. The findings of 18F-FDG PET/CT

Features
Median or mean ± SD 
(min-max)
or number (%)

The median size of primary tumor (mm) 25.0 (13.0-168.0)

The mean SUV
max 

of primary tumor (g/dL) 16.1±6.2 (5.4-29.0)

The presence of 18F-FDG positive pelvic lymph node 29 (52.7%)

The number of 18F-FDG positive pelvic lymph node 

<5 19 (34.5%)

5-9 2 (3.6%)

>9 8 (14.5%)

The median size of 18F-FDG positive pelvic lymph nodes (mm) 9.0 (5.0-42.0)

The median SUV
max 

of pelvic lymph nodes (g/dL) 5.4 (1.7-23.6)

The number of 18F-FDG positive extra-pelvic lymph node 

<5 11 (20.0%)

5-9 4 (7.3%)

>9 6 (10.9%)

The median size of extra-pelvic lymph nodes (mm) 9.0 (4.0-66.0)

18F-FDG positive extra-pelvic disease/distant metastases (n=24)
Non-regional lymph node metastases (M1a) 9 (16.4%)

Others distant metastases (M1b) 15 (27.3%)

The number of distant metastases

<5 8 (14.5%)

5-9 5 (9.1%)

>9 11 (20.0%)

The median SUV
max

 of distant metastases (g/dL) 7.0 (1.7-27.4)

SUV
max

: Maximum standardized uptake value, 18F-FDG: 18F-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, SD: Standard deviation,  
min-max: Minimum-maximum
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received CTx, RT, and CRT were 17 (30.9%), 8 (14.6%), 
18 (32.7%), respectively. Twelve (21.8%) patients have 
no treatment. The patients received CTx and/or RT and/
or immunotherapy according to the clinician’s decisions. In 
the follow-up, 36 (65.5%) of 55 patients died. The median 
OS was 16.3 months [95% confidence interval (CI) 8.9-
23.7]. OS was 59.7% at 1 year, 42.4% at 2 years, and 
30.8% at 3 years.

The results of the univariate and multivariate analyses are 
shown in Table 2. In the univariate analyses, primary tumor 
distinguishability on PET (p=0.011) and CT (p=0.009) 
images, the presence of 18F-FDG-positive pelvic LNs 
(p<0.001) and 18F-FDG-positive extra-pelvic disease/distant 
metastases (M0/M1a/M1b) (p<0.001), and the number of 
distant metastases (p=0.034) were significantly associated 
with mortality. Consequently, the presence of 18F-FDG-
positive extra-pelvic disease/distant metastases [p=0.029, 
odds ratio: 4.15 (95% CI 1.16-14.86)] was found to be an 

independent predictor of mortality in patients with BC in 
the multivariate analysis. 

The median OS was significantly lower in patients with 
18F-FDG-positive extra-pelvic disease than in those without 
18F-FDG-positive extra-pelvic disease (Figure 1). The median 
OS of M0, M1a, and M1b patients was 32.9, 30.6, and 5.1 
months, respectively (p<0.001).

Discussion

In the era of precision medicine, accurate pretreatment 
staging is essential for better outcomes in patients with BC, 
similar to other malignancies. Despite the initial hesitation 
due to the high urinary 18F-FDG activity, 18F-FDG PET/CT 
is increasingly used in clinical practice in BC patients with 
growing evidence-based data (7). In this study, we found 
that the presence of 18F-FDG-positive extra-pelvic disease/
distant metastases is an independent predictor of poorer 
OS in patients with BC.

Table 2. The results of the univariate and multivariate analyses

Parameters
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Patient age - - p=0.988 - - -

Patient gender - - p=0.582 - - -

High-risk pathologic subtype - - p=0.909 - - -

Muscularis propria invasion - - p=0.728 - - -

The distinguishability of primary tumor on CT 4.03 (1.41-11.51) p=0.009* - - -

The distinguishability of primary tumor on PET 2.87 (1.28-6.44) p=0.011* - - -

Primary tumor size - - p=0.242 - - -

The SUV
max

 of primary tumor - - p=0.369 - - -

The presence of 18F-FDG positive pelvic LN 4.00 (1.87-8.57) p<0.001* - - -

The number of 18F-FDG positive pelvic LN - - p=0.256 - - -

The size of 18F-FDG positive pelvic LN - - p=0.363 - - -

The SUV
max

 of 18F-FDG positive pelvic LN - - p=0.721 - - -

The number of 18F-FDG positive extra-pelvic LN - - p=0.140 - - -

The size of 18F-FDG positive extra-pelvic LN - - p=0.259 - - -

The presence of 18F-FDG positive extra-pelvic disease/
distant metastases (M)

- - p<0.001* 4.15 (1.16-14.86) p=0.029*

• M1a (extra-pelvic lymph node) 1.99 (0.75-5.24) p=0.165 - - -

• M1b (others distant metastases) 6.18 (2.70-14.14) p<0.001 - - -

The SUV
max

 of distant metastases - - p=0.092 - - -

The number of distant metastases - - p=0.034* - - -

Surgery - - p=0.110 - - -

CTx/RT/CRT - - p=0.288 - - -

*Statistically significant parameters. OR: Odds ratio, CI: Confidence interval, CT: Computed tomography, PET: Positron emission tomography, SUV
max

: Maximum standardized 
uptake value, 18F-FDG: 18F-fluorodeoxyglucose, LN: Lymph node, CTx: Chemotherapy, RT: Radiotherapy, CRT: Chemoradiotherapy
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In this study, it was shown that patients with 18F-FDG-
positive pelvic LNs had a significantly higher rate of 
18F-FDG-positive extra-pelvic disease/distant metastases. 
LN involvement in BC has a prognostic implication (15). 
The presence, location, and number of involved LNs 
can help predict the prognosis of patients with BC This 
finding could be due to the prognostic importance of 
pelvic LNs, and the presence of these might be related to 
a more advanced disease. A prospective study to assess 
primary lymphatic landing sites from the bladder by Roth 
et al. (16) showed that the major lymphatic landing sites 
are pelvic (regional and common iliac) LNs, whereas only 
4% of cases showed drainage initially to more distal LNs-
para-aortic regions. All patients with para-aortic LNs had 
additional LNs in the pelvis (external iliac, internal iliac, 
or obturator fossa regions) (16). Based on this study, our 
findings may be due to lymphatic drainage pathways for 
extra-pelvic LNs (M1a) and the prognostic significance of 
pelvic LNs. Considering this finding of our study, patients 
with suspected pelvic LN positivity in conventional imaging 
modalities should be carefully evaluated for the presence 
of extra-pelvic disease in clinical practice. Consequently, 
these patients may be staged by 18F-FDG PET/CT because of 
their higher sensitivity in the evaluation of LNs and distant 
metastases. In addition, 18F-FDG PET/CT has an advantage 
in determining metastatic LNs regardless of the size.

In our study, the presence of 18F-FDG positive pelvic LNs 
and 18F-FDG positive extra-pelvic disease were associated 
with mortality in univariate analysis; however, only the 
presence of 18F-FDG-positive extra-pelvic disease was found 

to be an independent predictor of mortality in BC patients 
in multivariate analysis. The median OS was significantly 
poorer in patients with 18F-FDG-positive extra-pelvic disease 
than in those without 18F-FDG-positive extra-pelvic disease. 
In parallel to our study, although their study designs and 
patient populations were somewhat different, a study 
on the prognostic value of 18F-FDG PET/CT in muscle-
invasive BC by Mertens et al. (13) found that extravesical 
18F-FDG-positive disease was an independent indicator of 
mortality in multivariate analysis. Furthermore, the studies 
demonstrated that OS was significantly poorer in patients 
with positive 18F-FDG PET/CT than in those with negative 
18F-FDG PET/CT (17,18). According to the findings, the 
presence of 18F-FDG-positive disease, especially in extra-
pelvic regions, is an important prognostic factor in BC 
patients. In addition, patients with 18F-FDG-positive extra-
pelvic LNs had significantly better outcomes than patients 
with distant metastases, consistent with the literature 
(19). Contrary to the belief in clinical practice regarding 
the limitation of 18F-FDG PET in BC, it is a valuable tool 
for the determination of pretreatment prognosis and 
stage, especially in selected BC patients. The presence and 
location of 18F-FDG-positive disease has a critical prognostic 
value for patients with BC. 18F-FDG PET/CT may contribute 
to treatment management and personalized therapy 
decisions by early determination of extra-pelvic disease in 
patients with BC.

The primary tumor distinguishability on PET and CT was 
associated with mortality in patients with BC in univariate 
analysis. It is known that the size of the primary tumor in BC 
is a prognostic factor (20,21). Patients with larger primary 
tumors might have more distinguishable tumors on PET 
and/or CT; therefore, their prognosis might be poorer than 
others. Moreover, aggressive tumors have a higher 18F-FDG 
uptake (22,23), which may contribute to the distinction of 
primary tumors from urinary activity in PET images. 

In our study, there was no association between the 
presence of 18F-FDG-positive extra-pelvic disease, OS, and 
the sizes and SUV

max
 of primary tumors and pelvic LNs. 

These findings might be due to various factors such as a 
heterogeneous study population, difficulties such as high 
bladder activity in interpretation of primary tumor and 
pelvic LNs on PET/CT, and aggressive tumor behaviors 
independent of tumor sizes. However, to the best of our 
knowledge, metabolic prognostic factors such as SUV

max
 

have not been reported in BC patients (24).

Study Limitations

This study has some main limitations. First, this was a 
retrospective study with a limited number of patients. 
Because of the nature of the study, some clinical information 

Figure 1. Kaplan-Meier survival analysis according to the 
presence of extra-pelvic 18F-FDG positive disease in BC patients 
18F-FDG: 18F-fluorodeoxyglucose, BC: Bladder cancer
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such as clinical T-stages could not be obtained. Moreover, 
our patient population was heterogeneous in terms of 
clinicopathological features and therapies. Although it has 
been shown that 18F-FDG PET/CT identifies more pelvic and 
extra-pelvic diseases, the number of studies investigating its 
prognostic value is limited. Therefore, our study has provided 
valuable information. Multicenter randomized prospective 
studies with more patients are needed on this topic.

Conclusion 
18F-FDG PET/CT is a valuable tool for staging and 
determining pretreatment prognosis in selected BC 
patients. The presence of 18F-FDG-positive extra-pelvic 
disease in pretreatment 18F-FDG PET/CT is an important 
prognostic factor in BC patients.

Ethics

Ethics Committee Approval: This retrospective study 
was approved by the University of Health Sciences Türkiye, 
Ankara Dr. Abdurrahman Yurtaslan Oncology Training and 
Research Hospital Non-invasive Clinical Research Ethics 
Committee (no: 2022-09/167, date: 22.09.2022).

Informed Consent: Retrospective study.

Authorship Contributions

Surgical and Medical Practices: H.B., Concept: S.G.A., B.B.D., 
H.B., G.U., Design: S.G.A., B.B.D., H.B., G.U., Data Collection 
or Processing: S.G.A., B.B.D., Analysis or Interpretation: 
S.G.A., B.B.D., G.U., Literature Search: S.G.A., Writing: 
S.G.A., B.B.D., G.U. 

Conflict of Interest: No conflict of interest was declared 
by the authors.

Financial Disclosure: The authors declared that this study 
has received no financial support.

References
1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 

Bray F. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J 
Clin 2021;71:209-249. 

2.	 Cumberbatch MG, Rota M, Catto JW, La Vecchia C. The role of tobacco 
smoke in bladder and kidney carcinogenesis: a comparison of exposures 
and meta-analysis of incidence and mortality risks. Eur Urol 2016;70:458-
466.

3.	 Teoh JY, Huang J, Ko WY, Lok V, Choi P, Ng CF, Sengupta S, Mostafid 
H, Kamat AM, Black PC, Shariat S, Babjuk M, Wong MC. Global trends 
of bladder cancer incidence and mortality, and their associations 
with tobacco use and gross domestic product per capita. Eur Urol 
2020;78:893-906.

4.	 Cumberbatch MGK, Jubber I, Black PC, Esperto F, Figueroa JD, Kamat 
AM, Kiemeney L, Lotan Y, Pang K, Silverman DT, Znaor A, Catto JWF. 
Epidemiology of bladder cancer: a systematic review and contemporary 
update of risk factors in 2018. Eur Urol 2018;74:784-795.

5.	 Kamat AM, Hahn NM, Efstathiou JA, Lerner SP, Malmström PU, Choi W, 
Guo CC, Lotan Y, Kassouf W. Bladder cancer. Lancet 2016;388:2796-
2810.

6.	 Witjes J, Bruins M, Cathomas R, Compérat E, Cowan N, Gakis G, van der 
Heijden AG, Hernández V, Lebret T, Lorch A, Ribal MJ. EAU guidelines 
on muscle-invasive and metastatic bladder cancer. EAU Guidelines (2019 
Edn) 2022. 

7.	 Omorphos NP, Ghose A, Hayes JDB, Kandala A, Dasgupta P, Sharma A, 
Vasdev N. The increasing indications of FDG-PET/CT in the staging and 
management of invasive bladder cancer. Urol Oncol 2022;40:434-441.

8.	 Apolo AB, Riches J, Schöder H, Akin O, Trout A, Milowsky MI, Bajorin DF. 
Clinical value of fluorine-18 2-fluoro-2-deoxy-D-glucose positron emission 
tomography/computed tomography in bladder cancer. J Clin Oncol 
2010;28:3973-3978.

9.	 Bertolaso P, Brouste V, Cazeau AL, de Clermont-Gallerande H, Bladou 
F, Cabart M, Lefort F, Gross-Goupil M. Impact of 18 FDG- PET CT in the 
management of muscle invasive bladder cancer. Clin Genitourin Cancer 
2022;20:297-297.e6.

10.	 Frączek M, Kamecki H, Kamecka A, Sosnowski R, Sklinda K, Czarniecki 
M, Królicki L, Walecki J. Evaluation of lymph node status in patients with 
urothelial carcinoma-still in search of the perfect imaging modality: a 
systematic review. Transl Androl Urol 2018;7:783-803.

11.	 Flaig TW, Spiess PE, Abern M, Agarwal N, Bangs R, Boorjian SA, 
Buyyounouski MK, Chan K, Chang S, Friedlander T, Greenberg RE, Guru 
KA, Herr HW, Hoffman-Censits J, Kishan A, Kundu S, Lele SM, Mamtani R, 
Margulis V, Mian OY, Michalski J, Montgomery JS, Nandagopal L, Pagliaro 
LC, Parikh M, Patterson A, Plimack ER, Pohar KS, Preston MA, Richards 
K, Sexton WJ, Siefker-Radtke AO, Tollefson M, Tward J, Wright JL, Dwyer 
MA, Cassara CJ, Gurski LA. NCCN Guidelines® Insights: Bladder Cancer, 
Version 2.2022. J Natl Compr Canc Netw 2022;20:866-878. 

12.	 Witjes JA, Babjuk M, Bellmunt J, Bruins HM, De Reijke TM, De Santis M, 
Gillessen S, James N, Maclennan S, Palou J, Powles T, Ribal MJ, Shariat SF, 
Der Kwast TV, Xylinas E, Agarwal N, Arends T, Bamias A, Birtle A, Black 
PC, Bochner BH, Bolla M, Boormans JL, Bossi A, Briganti A, Brummelhuis 
I, Burger M, Castellano D, Cathomas R, Chiti A, Choudhury A, Compérat 
E, Crabb S, Culine S, De Bari B, De Blok W, J L De Visschere P, Decaestecker 
K, Dimitropoulos K, Dominguez-Escrig JL, Fanti S, Fonteyne V, Frydenberg 
M, Futterer JJ, Gakis G, Geavlete B, Gontero P, Grubmüller B, Hafeez 
S, Hansel DE, Hartmann A, Hayne D, Henry AM, Hernandez V, Herr H, 
Herrmann K, Hoskin P, Huguet J, Jereczek-Fossa BA, Jones R, Kamat AM, 
Khoo V, Kiltie AE, Krege S, Ladoire S, Lara PC, Leliveld A, Linares-Espinós 
E, Løgager V, Lorch A, Loriot Y, Meijer R, Mir MC, Moschini M, Mostafid 
H, Müller AC, Müller CR, N’Dow J, Necchi A, Neuzillet Y, Oddens JR, 
Oldenburg J, Osanto S, J G Oyen W, Pacheco-Figueiredo L, Pappot 
H, Patel MI, Pieters BR, Plass K, Remzi M, Retz M, Richenberg J, Rink 
M, Roghmann F, Rosenberg JE, Rouprêt M, Rouvière O, Salembier C, 
Salminen A, Sargos P, Sengupta S, Sherif A, Smeenk RJ, Smits A, Stenzl 
A, Thalmann GN, Tombal B, Turkbey B, Lauridsen SV, Valdagni R, Van 
Der Heijden AG, Van Poppel H, Vartolomei MD, Veskimäe E, Vilaseca 
A, Rivera FAV, Wiegel T, Wiklund P, Williams A, Zigeuner R, Horwich A. 
EAU-ESMO consensus statements on the management of advanced and 
variant bladder cancer-an international collaborative multistakeholder 
effort: under the auspices of the EAU-ESMO guidelines committees. Eur 
Urol 2020;77:223-250. 

13.	 Mertens LS, Mir MC, Scott AM, Lee ST, Fioole-Bruining A, Vegt E, 
Vogel WV, Manecksha R, Bolton D, Davis ID, Horenblas S, van Rhijn 
BW, Lawrentschuk N. 18F-fluorodeoxyglucose--positron emission 
tomography/computed tomography aids staging and predicts mortality 
in patients with muscle-invasive bladder cancer. Urology 2014;83:393-
398.

14.	 Paner GP, Stadler WM, Hansel DE, Montironi R, Lin DW, Amin MB. 
Updates in the eighth edition of the tumor-node-metastasis staging 
classification for urologic cancers. Eur Urol 2018;73:560-569. 



18

Mol Imaging Radionucl Ther 2024;33:11-18Gülbahar Ateş et al. 18F-FDG-PET/CT in Survival of Bladder Cancer

15.	 Shankar PR, Barkmeier D, Hadjiiski L, Cohan RH. A pictorial review of 
bladder cancer nodal metastases. Transl Androl Urol 2018;7:804-813. 

16.	 Roth B, Wissmeyer MP, Zehnder P, Birkhäuser FD, Thalmann GN, Krause 
TM, Studer UE. A new multimodality technique accurately maps the 
primary lymphatic landing sites of the bladder. Eur Urol 2010;57:205-
211.

17.	 Drieskens O, Oyen R, Van Poppel H, Vankan Y, Flamen P, Mortelmans L. 
FDG-PET for preoperative staging of bladder cancer. Eur J Nucl Med Mol 
Imaging 2005;32:1412-1417.

18.	 Kibel AS, Dehdashti F, Katz MD, Klim AP, Grubb RL, Humphrey PA, Siegel 
C, Cao D, Gao F, Siegel BA. Prospective study of [18F]fluorodeoxyglucose 
positron emission tomography/computed tomography for staging of 
muscle-invasive bladder carcinoma. J Clin Oncol 2009;27:4314-4320.

19.	 Galsky MD, Moshier E, Krege S, Lin CC, Hahn N, Ecke T, Sonpavde 
G, Godbold J, Oh WK, Bamias A. Nomogram for predicting survival 
in patients with unresectable and/or metastatic urothelial cancer who 
are treated with cisplatin-based chemotherapy. Cancer 2013;119:3012-
3019.

20.	 Cheng L, Neumann RM, Scherer BG, Weaver AL, Leibovich BC, Nehra A, 
Zincke H, Bostwick DG. Tumor size predicts the survival of patients with 
pathologic stage T2 bladder carcinoma: a critical evaluation of the depth 
of muscle invasion. Cancer 1999;85:2638-2647.

21.	 Abudurexiti M, Ma J, Li Y, Hu C, Cai Z, Wang Z, Jiang N. Clinical outcomes 
and prognosis analysis of younger bladder cancer patients. Curr Oncol 
2022;29:578-588.

22.	 Hofman MS, Hicks RJ. How We Read Oncologic FDG PET/CT. Cancer 
Imaging 2016;16:35.

23.	 Ziai P, Hayeri MR, Salei A, Salavati A, Houshmand S, Alavi A, Teytelboym 
OM. Role of optimal quantification of FDG PET imaging in the clinical 
practice of radiology. Radiographics 2016;36:481-496.

24.	 Girard A, Vila Reyes H, Shaish H, Grellier JF, Dercle L, Salaün PY, Delcroix 
O, Rouanne M. The role of 18F-FDG PET/CT in guiding precision medicine 
for invasive bladder carcinoma. Front Oncol 2020;10:565086.


