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Introduction We assessed the differential performance of imaging modalities predicting pathological 
response to neoadjuvant chemotherapy (NAC) in urothelial bladder cancer (UBC).
Material and methods Literature search was conducted using the MEDLINE, SCOPUS, and Cochrane 
Library in December 2023 to identify eligible studies. 
Results Twenty-two studies comprising 1085 patients were selected. The pooled diagnostic odds ratio 
(DOR), positive likelihood ratio (LR), and negative LR of FDG positron emission tomography–computed 
tomography (PET/CT) for predicting bladder tumor complete pathological response (CPR) were 17.33  
(95% CI: 1.65–180.99), 2.80 (95% CI: 1.04–7.57), and 0.16 (95% CI: 0.02–0.90), respectively. The pooled 
DOR, positive LR, and negative LR of FDG- PET/CT for predicting lymph node CPR were 5.25 (95% CI: 
2.77–9.93), 1.62 (95% CI: 1.20–2.19), and 0.30 (95% CI: 0.22–0.43), respectively. The pooled DOR, positive 
LR, and negative LR of contrast enhanced magnetic resonance imaging (CEMRI) for predicting bladder 
tumor CPR were 153 (95% CI: 26.29–890.1), 16.20 (95% CI: 4.19–62.54), and 0.10 (95% CI: 0.04–0.26), 
respectively. The pooled DOR, positive LR, and negative LR of CEMRI for predicting lymph node CPR  
were 13.33 (95% CI: 1.06–166.37), 5.62 (95% CI: 0.82–38.53), and 0.42 (95% CI: 0.16–1.06), respectively. 
Conclusions We demonstrated that CEMRI (including mpMRI) helps accurate assessment of response  
to NAC in UBC. While CEMRI is a useful tool to detect residual tumor in lymph nodes, contrast enhanced 
CT scan and FDG-PET/CT are precise staging modality to identify nodal metastasis responders to NAC. 
Nevertheless, this differential diagnostic performance needs to be further refined with radiomics and 
novel tracers to help individualized clinical decision-making.
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INTRODUCTION

Neoadjuvant cisplatin-based combination chemo-
therapy (NAC) and radical cystectomy (RC) with 
lymphadenectomy are the current gold standard 
treatment for cisplatin-eligible patients with mus-
cle invasive urothelial bladder carcinoma (MIBC) 
[1–3].
However, the absolute net benefit of only 5% over-
all survival (OS) benefit for patients treated with 
NAC of 5-years underline the importance of patient 
selection with an identification of MIBC patients 
who are most likely to benefit from NAC [4–6].  
Although several clinical, pathologic, and molecular 
characteristics have been suggested to help identify 
responders to systemic therapies, their use in clini-
cal practice is not existent [3, 7–10].
Modern imaging modalities help discern respond-
ers from non-responders by accurately staging the 
tumor burden and identifying imaging signatures  
of sensitive/resistant tumors [11, 12]. Anatomical 
imaging techniques including magnetic resonance 
imaging (MRI) and computed tomography (CT) 
have limitations owing to over- and understaging 
with a staging accuracy of only 70% [13].
However, multiparametric MRI (mpMRI) and 
positron emission tomography (PET)/CT offer im-
proved sensitivity and specificity, enabling more ac-
curate assessment of response to systemic therapy 
in MIBC patients [14–16]. Moreover, PET and MRI 
together could provide a comprehensive assess-
ment of residual tumor both at the primary and 
lymph node sites after NAC [17]. Therefore, there is  
a need to collect reported diagnostic accuracy of cur-
rent conventional and functional imaging modalities  
in patients who underwent NAC for MIBC to have 
an overview of their respective performances to help 
us relay on one of them for current decision-working 
and to set the bed for improvement.
To address this need, we performed this systematic 
review and meta-analysis, investigating the differ-
ential diagnostic performances of imaging modali-
ties predicting pathological response to NAC in rad-
ical cystectomies performed for MIBC.

MATERIAL AND METHODS 

Search strategy

This systematic review and meta-analysis was 
conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [18]. The protocol of this 
study was a priori registered in PROSPERO, and 
the protocol is available online (CRD42023470963).  

We performed a systematic literature search through 
PUBMED, SCOPUS, and Cochrane Library in De-
cember 2023 to identify the eligible studies investi-
gating the predictive value of imaging modalities for 
assessment of pathological response to NAC in pa-
tients with UBC. All full text papers were assessed 
by two reviewers and excluded with reasons when 
inappropriate after initial screening based on study 
title and abstract. Disagreements were resolved  
by consensus with the co-authors. The string terms 
used in our search strategy were ((bladder cancer 
OR bladder carcinoma OR bladder tumor OR uro-
thelial) AND (imaging OR MRI OR magnetic reso-
nance Imaging OR PET OR positron emission to-
mography OR computed tomography OR CT)) AND 
(systemic therapy OR chemotherapy).

Inclusion and exclusion criteria

We used the population, intervention, compara-
tor, outcome, and study design (PICOS) approach  
to define the eligibility criteria. Studies were in-
cluded when patients with UBC (P: population) 
who underwent NAC before RC (I: interventions) 
were assessed by imaging modality predicting tu-
mor extent and location compared with pathologic 
report (C: comparators) in terms of pathological re-
sponse to NAC (O: outcomes) in the primary (i.e., 
bladder) and regional lymph nodes using retrospec-
tive or prospective approaches (S: study design). 
We excluded abstract, replies, editorial comments, 
review articles, and articles published in other lan-
guages than English.

Data extraction

Two investigators independently extracted the fol-
lowing information from the included articles: study 
name, publication year, region, study design, recruit-
ment period, number of patients, patients’ charac-
teristics, index imaging modality, time of imaging, 
pathological assessment, site of response assess-
ment, chemotherapy regimen, age, sensitivity, speci-
ficity, PPV (positive predictive value), NPV (negative 
predictive value), and test accuracy.

Risk of bias assessment

We assessed the risk of bias of included studies ac-
cording to the revised Quality Assessment of Di-
agnostic Accuracy Studies tool (QUADAS-2) [19]. 
Imaging modality and pathologic assessment were 
defined as index test and standard reference, re-
spectively. Each bias domain and overall risk of bias 
were judged as ‘low’, ‘high’, or ‘unclear’ risk of bias. 
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Disagreements were resolved by consensus or con-
sultation with other authors.

Statistical analyses

A random effect model was used to estimate pooled 
sensitivity, specificity, positive likelihood ratio and 
negative likelihood ratio as well as diagnostic odds 
ratio for imaging modalities. We created hierar-
chical summary receiver operating curve (SROC)  
and calculated the area under the curve (AUC)  
to examine the differential diagnostic accuracy.  
We created forest plots with 95% confidence in-
terval (CIs) for sensitivity and specificity for each 
study. Significant heterogeneity was indicated by  
p <0.05 in the Cochrane’s Q tests and a ratio of >50%  
in I2 statistics. We performed statistical analyses 
using R version 4.0.3 (2020; R Foundation for Sta-
tistical Computing, Vienna, Austria) and Meta-DiSc 
2.0 [20]. The statistical significance level was set  
at p <0.05.

RESULTS

Study selection and characteristics

A total of 435 studies were identified by our ini-
tial literature search and seven duplicates were 
removed. Then, 374 studies were excluded after 
title/abstract evaluation. Full-text reviews were 
performed for the remaining 54 articles. Finally, 
22 and 10 studies were included for qualitative  
and quantitative analyses (Figure 1). Eight stud-
ies were designed prospectively [15, 17, 21–26] and  
14 were retrospective [14, 16, 27–38]. All studies 
were published between 1990 and 2023. Ten stud-
ies came from Europe, five from North America, 
three from Europe/North America, three from Asia, 
and one from Africa. Tables 1 and 2 summarize  
the characteristics of the studies and patients’ clini-
cal data.

Meta-analysis of imaging modalities predicting 
response to NAC

Primary tumor and fluorodeoxyglucose (FDG) 
– PET/CT

Diagnostic performance of FDG-PET/CT for pre-
dicting pathological response to NAC in the prima-
ry tumor was assessed in three studies [16, 35, 36].  
In the forest plot, the pooled sensitivity and specific-
ity were 0.89 (95% CI: 0.54–0.98) and 0.68 (95% CI: 
0.34–0.90), respectively (Figure 2A). The Cochrane 
Q test and I2 test revealed no significant and sig-

nificant heterogeneity among studies for sensitivity 
and specificity, respectively. The pooled diagnostic 
odds ratio (DOR), positive likelihood ratio (LR),  
and negative LR were 17.33 (95% CI: 1.65–180.99), 
2.80 (95% CI: 1.04–7.57), and 0.16 (95% CI: 0.02–0.90),  
respectively.

Primary tumor and un-enhanced MRI

Diagnostic performance of un-enhanced MRI for 
predicting pathological response to NAC in the pri-
mary tumor was assessed in two studies [15, 21].  
In the forest plot, the pooled sensitivity and specific-
ity were 0.81 (95% CI: 0.60–0.95) and 0.55 (95% CI: 
0.34–0.74), respectively (Figure 2B). The Cochrane 
Q test and I2 test revealed no significant hetero-
geneity among studies for sensitivity and specific-
ity. The DOR, positive LR, and negative LR were 
4.97 (95% CI: 1.53–16.13), 1.77 (95% CI: 1.09–2.87),  
and 0.35 (95% CI: 0.16–0.76), respectively.

Primary tumor and contrast enhanced MRI (CEMRI) 

Diagnostic performance of CEMRI (including  
mpMRI) for predicting pathological response  
to NAC in the primary tumor was assessed in 
four studies [15, 21, 24, 27]. In the forest plot, the 

Figure 1. PRISMA flow chart for article selection process  
to analyze the differential performance of imaging modalities 
predicting pathological response to neoadjuvant chemothera-
py in urothelial bladder cancer.
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pooled sensitivity and specificity were 0.90 (95% CI:  
0.76–0.96) and 0.94 (95% CI: 0.80–0.99), respec-
tively (Figure 2C). The Cochrane Q test and I2 
test revealed no significant heterogeneity among 
studies for sensitivity and specificity. The DOR, 
positive LR, and negative LR were 153 (95% CI:  
26.29–890.1), 16.20 (95% CI: 4.19–62.54), and 0.10 
(95% CI: 0.04–0.26), respectively.

PET/CT (MRI) vs CEMRI in primary tumor

Diagnosis performance of CEMRI (including  
mpMRI) was compared with PET/CT (MRI) in pre-
dicting pathological response to NAC in primary 
tumor using metaregression. Relative sensitivity 
and specificity levels for PET/CT (MRI) vs CEMRI 
were 0.97 (95% CI: 0.79–1.20; p-value: 0.8), and 
0.72 (95% CI: 0.52–0.99; p-value: 0.03), respec-
tively. SROC curve shows differential diagnostic 
performance of PET/CT (MRI) and CEMRI (Figure 
3-A). The Cochrane Q test and I2 test revealed no 
significant heterogeneity among studies [15–17, 21, 
24, 27, 35, 37].

Lymph node metastasis and contrast enhanced  
CT scan

Diagnostic performance of contrast enhanced 
CT scan for predicting pathological response to 
NAC in the lymph node metastasis was assessed 
in two studies [14, 28]. In the forest plot, the 
pooled sensitivity and specificity were 0.96 (95% 
CI: 0.15–1.00) and 0.28 (95% CI: 0.06–0.72), re-
spectively (Figure 4A). The Cochrane Q test and 
I2 test revealed no significant and significant het-
erogeneity among studies for sensitivity and speci-
ficity, respectively. The DOR, positive LR, and 
negative LR were 9.81 (95% CI: 0.03–2,860.40),  
1.33 (95% CI: 0.77–2.29), and 0.72 (95% CI: 0.29–0.94),  
respectively.

Lymph node metastasis and CEMRI

Diagnostic performance of CEMRI for predicting 
pathological response to NAC in the lymph node 
metastasis was assessed in two studies [15, 27].  
In the forest plot, the pooled sensitivity and spec-
ificity were 0.62 (95% CI: 0.28–0.87) and 0.89 
(95% CI: 0.50–0.98), respectively (Figure 4B). 
The Cochrane Q test and I2 test revealed no sig-
nificant heterogeneity among studies for sensi-
tivity and specificity. The DOR, positive LR, and 
negative LR were 13.33 (95% CI: 1.06–166.37), 
5.62 (95% CI: 0.82–38.53), and 0.42 (95% CI:  
0.16–1.06), respectively.
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Figure 2. Forest plots showing the pooled sensitivity and specificity for the diagnostic performance of imaging modalities  
to predict complete pathological response to neoadjuvant chemotherapy in the bladder tumor in patients with urothelial bladder 
carcinoma: A) FDG-PET/CT, B) un-enhanced MRI, C) contrast enhanced MRI.
FDG-PET/CT – FDG-positron emission tomography/Computerized Tomography; MRI – magnetic resonance imaging

Figure 3. Summary receiver operating characteristic curves for the diagnostic performance of imaging modalities to predict  
complete pathological response to neoadjuvant chemotherapy in patients with urothelial bladder carcinoma. A) Contrast 
enhanced MRI versus PET/CT (or PET/MRI) in Bladder tumor. B) Contrast enhanced CT (or MRI) vs PET/CT (or PET/MRI) in lymph 
node metastasis.
PET/CT – FDG-positron emission tomography/Computerized Tomography; MRI – magnetic resonance imaging
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(95% CI: 0.7–1.60; p-value: 0.8), and 0.85 (95% CI: 
0.40–1.80; p-value: 0.7), respectively. Summary re-
ceiver operating characteristic (SROC) curve shows 
differential diagnostic performance of PET/CT 
(MRI) and CEMRI (Figure 3B). The Cochrane Q 
test and I2 test revealed no significant heterogene-
ity among studies [14–17, 27, 28, 37].

Risk of bias assessment

The RoB assessment indicated a low to intermedi-
ate level of bias across the studies and intermediate 
level of bias for applicability concerns (Table 3).

DISCUSSION

We analyzed and compared the performance of im-
aging modalities predicting pathological response 
to NAC in UBC. We found a high pooled sensitiv-
ity and specificity for CEMRI suggesting it to be  
a useful tool for prediction of pathological response 
to NAC in the primary tumor. In addition, FDG-
PET/CT, has a highly favourable pooled diagnostic 

Lymph node metastasis and FDG-PET/CT

Diagnostic performance of FDG-PET/CT for pre-
dicting pathological response to NAC in the lymph 
node metastasis was assessed in four studies [14, 
16, 28, 37]. In the forest plot, the pooled sensitivity 
and specificity were 0.85 (95% CI: 0.67–0.94) and 
0.47 (95% CI: 0.32–0.63), respectively (Figure 4C).  
The Cochrane Q test and I2 test revealed signifi-
cant and no significant heterogeneity among stud-
ies for sensitivity and specificity, respectively.  
The DOR, positive LR, and negative LR were 5.25 
(95% CI: 2.77–9.93), 1.62 (95% CI: 1.20–2.19),  
and 0.30 (95% CI: 0.22–0.43), respectively.
 
PET/CT (MRI) vs MRI (CT) in lymph node 
metastasis

Diagnosis performance of PET/CT (MRI) was com-
pared with MRI (CT) in predicting pathological 
response to NAC in lymph node metastasis using 
metaregression. Relative sensitivity and specific-
ity levels for PET/CT (MRI) vs MRI (CT) were 1.06 

Figure 4. Forest plots showing the pooled sensitivity and specificity for the diagnostic performance of imaging modalities to pre-
dict complete pathological response to neoadjuvant chemotherapy in lymph nodes metastasis in patients with urothelial bladder 
carcinoma : A) contrast enhanced CT scan; B) contrast enhanced MRI; C) FDG-PET/CT.
CT – computerized tomography; FDG-PET/CT – FDG-positron emission tomography/computerized tomography; MRI – magnetic resonance imaging
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Implementation of mpMRI, which combines ana-
tomical sequences of T1and T2-weighted imaging 
and functional sequences of dynamic contrast-en-
hanced (DCE) MRI and diffusion- weighted imag-
ing, plays an important role enhancing test accura-
cy for post-chemotherapy T staging in UBC [21, 23].  
Pecoraro et al. demonstrated a sensitivity and  
a specificity of 100% for vesical imaging-reporting 
and data system in setting of mpMRI to assess re-
sponse to NAC in UBC patients [24]. Nevertheless, 
no consistent recommendation can be made owing 
to the limited data.
We found that contrast enhanced CT scan and 
FDG-PET/CT are strong rule-out tests for the as-
sessment of residual tumor in lymph nodes after 
NAC in UBC patients. Indeed, high test sensitivity 
allows with high certainty to identify patients with 
pN0 after NAC. Therefore, negative lymph nodes 
on contrast enhanced CT scan and FDG-PET/CT 
means a high probability of response to NAC in the 
lymph node metastatic site. These findings might 
drive the decision to complete chemotherapy sched-
ule in responders prior to RC and/or to proceed  

sensitivity, but is not accurate enough to find re-
sidual primary tumor in non-responder patients  
to NAC. Indeed, we demonstrated that PET/CT  
(MRI) has a significant lower specificity than  
CEMRI in predicting pathological response to NAC 
in the primary tumor.
While limited accuracy of PET/CT has been attrib-
uted to the FDG accumulation from the bladder 
exhibiting similar FDG uptake as tumors, the im-
plementation of deep learning-based image segmen-
tation approach of the bladder on PET/CT seems to 
be a promising strategy removing FDG physiological 
background noise [39]. In addition, the introduc-
tion of prostate-specific membrane antigen (PSMA)  
as a potential biomarker of neo-angiogenesis in UBC 
has put substantial effort into investigating of PSMA 
and other tracers such as nectin-4 and Her-2 as tar-
gets for PET imaging enhancing the diagnostic per-
formance of PET/CT in T and N staging of patients 
with UBC [40, 41]. Despite the ability of PET/CT with 
novel tracers to better characterize response to NAC 
in the primary tumor of UBC patients, remains still 
unreliable for clinical decision-making at this time.

Table 3. Risk of bias assessment using Quality Assessment of Diagnostic Accuracy Studies-2 (Quadas-2)

Study, Year
Risk of bias Applicability concerns

Patient selection Index test Reference 
standard Flow and timing Patient selection Index test Reference 

standard

Jakse et al. [30] Unclear Low High High Low High Low

Barentsz et al. [15] Low Low High Low Low High Low

Schrier et al. [21] High Low High Low High High Unclear

Nishimura et al. [27] Low Low Low Unclear Low Low Low

Donaldson et al. [22] Low Low Low Unclear Low Unclear Low

Mertens et al. [28] Low Low Low Low Low Low Low

Hadjiiski et al. [31] Low Unclear Low Low Low Unclear Low

Nguyen et al. [23] Low Low Low Unclear Low Low High

Kollberg et al. [29] Low Low Low Low Low Low High

van de Putte et al. [16] Low Low Low Low Low Low Low

Salminen et al. [17] Low Low High Low Low Low High

Soubra et al. [35] Low Low Low Low Low Unclear Low

Cha et al. [32] Low Low Low Low Low High Low

Wu et al. [34] Unclear Low Low Low High High Low

Choi et al. [33] Low Low Low Low Unclear High Low

Hadjiiski et al. [38] Unclear Unclear Low Unclear High High Low

Ahmed et al. [26] Low Low Low Unclear Low Low Low

Ghodoussipour et al. [36] Low Low Low Low Low Low Low

Bertolaso et al. [14] Low Low Low Low Low Low Low

Pecoraro et al. [24] Low Low Low Low Low Low Low

Yang et al. [25] Low Unclear Low Unclear Low High Low

Fitoussi et al. [37] Low Low Low Low Low Unclear Low
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The study has several limitations. First, the vast ma-
jority of the included studies were limited by their 
retrospective design and small sample sizes. There 
is significant study heterogeneity, and the wide CIs 
which can lead to potential confounding and bias. 
Third, discrepancy across the included studies  
in the time period between first course of chemother-
apy and imaging, as well as in the imaging protocols 
and reporting criteria, might contribute to hetero-
geneity among the studies. Further well-designed 
prospective studies are necessary to demonstrate  
the clinical benefit of different imaging modalities 
assessing response to NAC in patients with UBC.

CONCLUSIONS

Our analysis suggests that CEMRI (including  
mpMRI) helps accurate assessment of response  
to NAC in primary tumor for UBC patients. While 
contrast enhanced CT scan and FDG-PET/CT are 
precise staging modality to identify nodal metasta-
sis responders to NAC, CEMRI is a useful tool to de-
tect residual tumor in lymph nodes. However, their 
relative roles in patients with UBC are yet to be ful-
ly defined, and Well-designed, powered, multicenter 
studies are needed to compare the performance  
of different imaging modalities for the assessment 
of response to chemotherapy across UBC patients 
selected for NAC and RC.
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to surgery as response already happened with  
a window of opportunity for surgery.
Our analyses demonstrated that the specificity  
of CEMRI was high (89%) compared to contrast en-
hanced CT scan and PET/CT indicating the clinical 
relevance of MRI use for ruling in nodal involve-
ment after chemotherapy in UBC patients. Howev-
er, owning to moderate sensitivity (62%) for detec-
tion of post-chemotherapy locoregional lymph node 
involvement, using CEMRI might increase the risk 
of underestimating the metastatic burden, poten-
tially leading to suboptimal treatment.
While early suspicion and timely surgical interven-
tion are crucial for successful treatment in non-
responder UBC to NAC, the appropriate timing  
of imaging modality during chemotherapy is unclear 
for maximum diagnostic accuracy. Indeed, so early 
post-chemotherapy imaging might lead to false-
positive results denying potential responder pa-
tients a chance of benefit from chemotherapy [25].  
In the absence of strong evidence on optimal tim-
ing of imaging, some studies have specifically ad-
dressed the diagnostic accuracy of imaging mo-
dality to predict response to NAC after two cycles  
of chemotherapy [15, 21, 27]. Despite the prom-
ising results on diagnostic accuracy of post-two 
cycles chemotherapy DCE MRI, designing larger 
prospective studies to confirm the reported high 
sensitivity and specificity rates of CEMRI protocols  
is of paramount importance for guiding post-che-
motherapy imaging with reliable diagnostic perfor-
mance [15, 21].
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