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Abstract
Background  Neoadjuvant chemotherapy (NAC) before radical cystectomy is standard of care in patients with 
muscle-invasive bladder cancer (MIBC). Response assessment after NAC is important but suboptimal using CT. We 
assessed MRI without vs. with intravenous contrast (biparametric [BP] vs. multiparametric [MP]) for identifying residual 
disease on cystectomy and explored its prognostic role.

Methods  Consecutive MIBC patients that underwent NAC, MRI, and cystectomy between January 2000–November 
2022 were identified. Two radiologists reviewed BP-MRI (T2 + DWI) and MP-MRI (T2 + DWI + DCE) for residual tumor. 
Diagnostic performances were compared using receiver operating characteristic curve analysis. Kaplan-Meier curves 
and Cox proportional-hazards models were used to evaluate association with disease-free survival (DFS).

Results  61 patients (36 men and 25 women; median age 65 years, interquartile range 59–72) were included. After 
NAC, no residual disease was detected on pathology in 19 (31.1%) patients. BP-MRI was more accurate than MP-MRI 
for detecting residual disease after NAC: area under the curve = 0.75 (95% confidence interval (CI), 0.62–0.85) vs. 0.58 
(95% CI, 0.45–0.70; p = 0.043). Sensitivity were identical (65.1%; 95% CI, 49.1–79.0) but specificity was higher in BP-MRI 
compared with MP-MRI for determining residual disease: 77.8% (95% CI, 52.4–93.6) vs. 38.9% (95% CI, 17.3–64.3), 
respectively. Positive BP-MRI and residual disease on pathology were both associated with worse DFS: hazard ratio 
(HR) = 4.01 (95% CI, 1.70–9.46; p = 0.002) and HR = 5.13 (95% CI, 2.66–17.13; p = 0.008), respectively. Concordance 
between MRI and pathology results was significantly associated with DFS. Concordant positive (MRI+/pathology+) 
patients showed worse DFS than concordant negative (MRI-/pathology-) patients (HR = 8.75, 95% CI, 2.02–37.82; 
p = 0.004) and compared to the discordant group (MRI+/pathology- or MRI-/pathology+) with HR = 3.48 (95% CI, 
1.39–8.71; p = 0.014).
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Introduction
Muscle-invasive bladder cancer (MIBC), albeit local-
ized, is associated with elevated risk for metastatic dis-
semination and therefore disease-related morbidity and 
mortality [1]. Radical cystectomy is the gold standard for 
management of MIBC and the addition of neoadjuvant 
chemotherapy (NAC) reduces recurrence and improves 
overall survival, potentially due to eliminate micro-
metastases, as demonstrated in multiple prospective clin-
ical trials [2–4]. Pathologic responses response to NAC 
(e.g., either pathologic complete response or downgrad-
ing to < pT2) is associated with reduced recurrence and 
increased survival [5–7]. However, assessment of NAC 
response is frequently only achievable after radical cys-
tectomy from extensive pathologic evaluation. The abil-
ity to predict response prior to radical cystectomy can 
theoretically identify responders who may benefit from a 
bladder-sparing approach, and recognize non-responders 
who may benefit from alternative systemic therapy or 
upfront surgery.

Assessing treatment response of MIBC using con-
ventional imaging (e.g., computed tomography [CT]) 
has been regarded as difficult [8]. It is well known that 
changes related to the treatment itself (e.g., NAC and 
transurethral resection [TUR]) including inflammation 
and fibrosis causes false-positive results or conversely 
obscure residual tumor, resulting in suboptimal diag-
nostic performance of CT for determining treatment 
response [9]. Magnetic resonance imaging (MRI) has 
been gaining momentum for the pretreatment assess-
ment of bladder cancer, especially with regards to deter-
mining muscle-invasiveness using a novel standardized 
approach for performing and interpreting MRI called 
Vesical Imaging and Reporting Data System (VI-RADS) 
[10, 11]. This stems from the powerful capability of 
MRI to provide a combination of superior soft tissue 
resolution on anatomical imaging (e.g., T2-weighted 
imaging [T2WI]) along with functional imaging (e.g., dif-
fusion-weighted imaging [DWI] and dynamic contrast-
enhanced [DCE] MRI). Nevertheless, it has not been well 
established whether this advantage of MRI will allow it to 
be the preferred modality for determining residual mus-
cle invasiveness in a NAC-treated bladder, in addition to 
treatment response and if so, what the optimal imaging 
method for post-treatment interpretation of MRI will 
be. For example, it is unclear if the full comprehensive 
set of MRI sequences using intravenous (IV) contrast 

administration (i.e., “multiparametric” [MP]) is superior 
to a shortened protocol using only T2WI and DWI and 
without IV contrast (i.e., “biparametric” [BP]), which has 
been universal asked in various types of pelvic malignan-
cies [12–14].

The purpose of this study was to compare the diagnos-
tic performance of MP- and BP-MRI in the determina-
tion of residual disease in NAC-treated MIBC prior to 
radical cystectomy. In addition, we aimed to assess the 
prognostic value of imaging response, and whether it 
provides complementary information to pathological 
response.

Materials and methods
Study population
This retrospective study was performed after obtain-
ing approval from the institutional review board and 
was compliant with the Health Insurance Portability 
and Accountability Act. Due to the retrospective nature, 
the need for informed consent was waived. Our elec-
tronic medical records (EMR) and radiology informa-
tion system databases were searched to identify patient 
who underwent MRI for MIBC (cT2–4NxM0) between 
January 1, 2000 and November 15, 2022. Exclusion cri-
teria were: prior cystectomy, pure non-urothelial histol-
ogy (e.g., spindle cell neoplasms, small cell carcinoma, 
squamous cell carcinoma, or adenocarcinoma), no che-
motherapy prior to MRI, non-dedicated MRI for blad-
der assessment (e.g., musculoskeletal protocol), and lack 
of reference standard (i.e., no pathological analysis from 
cystectomy specimens). Figure  1 summarizes the flow 
chart for patient selection.

Imaging assessments
All MRI examinations were performed on one of 1.5- 
or 3.0-Tesla MRI scanners (GE Healthcare, Chicago IL) 
at our institution. Owing to the long study period, there 
was variability in the detailed technical parameters; how-
ever, the multiparametric MRI protocol generally con-
sisted of tri-planar small field-of-view T2WI focused 
on the bladder, large field-of-view axial T1-weighted 
imaging (T1WI), DWI with b-values up to 700  s/mm2, 
and DCE MRI after intravenous injection of gadolin-
ium-based agents as described in prior publications [15, 
16]. Imaging interpretation was performed by two radi-
ologists specialized in genitourinary oncologic imaging 
(H.A.V. and S.W., with 12 and 3 years of post-fellowship 

Conclusion  BP-MRI was more accurate than MP-MRI for identifying residual disease after NAC. A negative BP-MRI was 
associated with better outcomes, providing complementary information to pathological assessment of cystectomy 
specimens.
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experience, respectively) in consensus, who were aware 
that the patients had bladder cancer but were blinded 
to other clinical and pathology information. In order to 
compare the diagnostic performance of BP- and MP-MRI 
for determining residual tumor, a stepwise approach was 
taken [17]: first, only the T2WI and DWI were jointly 
assessed (i.e., BP-MRI) followed by additional provision 
of DCE MRI (i.e., MP-MRI). Each patient’s MRI was 
graded on a 5-point Likert scale for each of the two steps, 
regarding the likelihood of residual tumor based on find-
ings reported in the literature. For example, focal nodu-
lar or diffuse irregular wall thickening with intermediate 
signal intensity on T2WI, high signal intensity foci cor-
responding to this region on high b-value DWI, and early 
enhancement on DCE MRI were considered to represent 
residual tumor [5, 17–20]. A score of 1 was given if none 
of these findings were present and 5, if all of these find-
ings were unequivocally present. Scores of 2 through 4 
were assigned when these findings were considered to be 
intermediate between these two extreme scenarios.

Clinicopathological information
The EMR was searched to identify the following infor-
mation: age, gender, clinical stage, details of neoadjuvant 
chemotherapy (e.g., type of drug and number of cycles), 
details of surgery (e.g., radical vs. partial cystectomy), 
histological information, pathologic stage, and follow-up 

information (last date, recurrence, metastasis, and 
survival).

Statistical analysis
Quantitative data are presented as medians with range 
or means with their standard deviations; categorical data 
as frequency and percentages. Receiver operating char-
acteristic (ROC) curve analysis was used to assess the 
diagnostic performance of MRI for determining residual 
cancer based on pathological analysis of the cystectomy 
specimens as the reference standard. Microscopic foci of 
tumor on cystectomy specimens were considered posi-
tive for residual disease on pathology. The area under the 
ROC curves (AUC) were compared between BP- and 
MP-MRI assessments. For the purpose of analysis, MRI 
Likert scale scores of 4 and 5 were considered positive for 
residual tumor and 1, 2, and 3 as negative and the cor-
responding sensitivity, specificity, and positive predictive 
value were calculated for determining residual disease 
on pathology. Additionally, diagnostic performance of 
BP- and MP-MRI were assessed for determining residual 
MIBC (vs. non-MIBC) on pathology using the same MRI 
interpretations for determining residual disease. For the 
remainder of the analyses, we planned to use the best 
approach (i.e., biparametric vs. multiparametric) for MRI 
assessments. For outcomes analyses, patients were classi-
fied into one of three groups according to concordance or 
discordance between MRI and pathology regarding the 

Fig. 1  Flowchart for patient selection
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presence of residual cancer based on prior literature [21]: 
(1) no residual cancer on both (i.e., concordant negative 
group), (2) residual cancer on imaging but not on pathol-
ogy or vice versa (i.e., discordant group), and residual 
cancer on both (i.e., concordant positive group). Disease-
free survival (DFS) was defined as the time from cystec-
tomy to that of recurrence, metastasis or death [5, 22] 
and was estimated using the Kaplan-Meier method. Dif-
ferences in DFS between the groups were compared with 
the Cox proportional-hazards models and the log-rank 

test with Bonferroni correction to account for multiple 
comparisons. Statistical analyses were performed using 
statistical software R (version 4.3.0, Vienna, Austria). 
A p-value of < 0.05 was considered to be statistically 
significant.

Results
Patient and clinicopathological characteristics
The patient and clinicopathological characteristics are 
summarized in Table  1. Sixty-one patients, 36 men 
(59.0%) and 25 women (41.0%) with median age of 65 
years (interquartile range [IQR] 59 − 72) were included. 
Clinical stages were cT2 in 27 (44.3%), cT3 in 20 (32.8%) 
and cT4 in 14 (23.0%). All but 6 (9.8%) received 4 or more 
cycles of NAC which were mostly cisplatin-based (n = 54 
[88.5%]) and the remaining carboplatin-based (n = 7 
[11.5%]). The median time from completion of NAC to 
MRI was 14 days (IQR 7–23). Patients underwent par-
tial (n = 4 [6.6%]) or radical cystectomies (n = 57 [93.4%]) 
after a median of 33 days from the MRI (IQR 24–42). 
At cystectomy, there was no residual disease (ypT0) 
in 19 patients (31.1%). Forty-two patients (68.9%) had 
residual disease, among which 27 were muscle-invasive 
(ypT2, n = 7 [11.5%]; pT3, n = 15 [24.6%]; and ypT4, n = 5 
[8.2%]). 15 of these 42 were microscopic residual disease. 
Thirty-four patients (55.7%) had pure urothelial cancer 
and 27 (44.3%) had urothelial cancer with variants. After 
a median of 461 days (IQR 162 − 1048) of follow-up, 23 
patients experienced recurrence after surgery (among 
which 17 died), 5 patients died without disease, and the 
remaining 33 patients were alive without evidence of 
disease.

Diagnostic performance of MRI for determining residual 
disease
BP-MRI was positive for residual tumor in 32 patients 
(Likert scales of 4 and 5; n = 8 and 24, respectively) and 
negative in 29 patients (Likert scales of 1, 2, and 3; n = 18, 
6, and 5, respectively). MP-MRI was positive for residual 
tumor in 39 patients (Likert scales of 4 and 5; n = 18 and 
21, respectively) and negative in 22 patients (Likert scales 
of 1, 2, and 3; n = 3, 7, and 12, respectively). The ROC 
curves showing diagnostic performance of BP- and MP-
MRI for determining residual disease and residual MIBC 
are shown in Fig. 2 and supplementary Fig. 1. The diag-
nostic performance of BP-MRI was significantly higher 
than that of MP-MRI with corresponding AUCs of 0.75 
(95% confidence interval [CI], 0.62–0.85) and 0.58 (95% 
CI, 0.45–0.70), respectively (p = 0.043). The sensitiv-
ity, specificity, and positive predictive value of BP-MRI 
for determining the presence of residual disease were 
65.1% (28/43; 95% CI, 49.1–79.0), 77.8% (14/18; 95% 
CI, 52.4–93.6), and 87.5% (28/32; 95% CI, 71.0–96.5) 
whereas those for MP-MRI were 65.1% (28/43; 95% CI, 

Table 1  Clinical and pathological characteristics
Clinicopathological variable Number (%) *
Age (years) 65 (59–72)

Gender Male 36 (59.0%)

Female 25 (41.0%)

Clinical T stage cT2 27 (44.3%)

cT3 20 (32.8%)

cT4 14 (23.0%)

Histological 
subtype

NOS 34 (55.7%)

NOS with glandular 2 (3.3%)

NOS with lymphoepithelioma-like 1 (1.6%)

NOS with microcystic 1 (1.6%)

NOS with micropapillary 2 (3.3%)

NOS with nested 1 (1.6%)

NOS with plasmacytoid 3 (4.9%)

NOS with sarcomatoid 3 (4.9%)

NOS with small cell 6 (9.8%)

NOS with squamous 8 (13.1%)

Type of 
neoadjuvant 
chemotherapy

Gemcitabine + cisplatin 40 (65.6%)

Gemcitabine + cisplatin + paclitaxel 6 (9.8%)

Gemcitabine + carboplatin 3 (4.9%)

Gemcitabine + carboplatin + pa-
clitaxel

2 (3.3%)

Methotrexate + vinblastine + doxo-
rubicin + cisplatin †

4 (6.6%)

Etoposide + Cisplatin ‡ 4 (6.6%)

Etoposide + Carboplatin 2 (3.3%)

Type of surgery Partial cystectomy 4 (6.6%)

Radical cystectomy 57 (93.4%)

Pathological 
staging on 
cystectomy

ypT0 19 (31.1%)

ypTa 2 (3.3%)

ypTis 6 (9.8%)

ypT1 7 (11.5%)

ypT2 7 (11.5%)

ypT3 15 (24.6%)

ypT4 5 (8.2%)

Time interval 
(days)

Neoadjuvant chemotherapy to MRI 14 (7–23)

MRI to cystectomy 33 (24–42)

Cystectomy to follow-up 461 (162–1048)
MRI = magnetic resonance imaging; NOS = not otherwise specified

* Number of patients with percentages in parentheses for categorical variables 
and medians with interquartile ranges (IQR) in parentheses for continuous 
variables
† 3 of 4 with dose-dense regimen
‡ 1of 4 with Durvalumab
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49.1–79.0), 38.9% (7/18; 95% CI, 17.3–64.3), and 71.8% 
(28/39; 95% CI, 55.1–85.0). Among the 15 patients where 
MRI failed to detect residual disease, the disease was 
microscopic on the cystectomy specimen in 10 (66.7%) 
for BP-MRI and 9 (60.0%) for MP- MRI. Representative 
examples of patients that had different combinations of 
MRI and pathological findings are shown in Figs. 3, 4 and 
5.

Residual Disease on MRI and pathology, and their 
association with disease-free survival
A positive BP-MRI suspicious for residual disease was 
significantly associated with worse DFS with a HR of 
4.01 (95% CI, 1.70–9.46; p = 0.002). Residual disease on 
cystectomy specimen was also significantly associated 
with worse DFS with a HR of 5.13 (95% CI, 2.66–17.13; 
p = 0.008). Survival curves stratified to MRI and pathol-
ogy are shown in Fig. 6 and supplementary Fig. 2. When 
stratifying the patients into 3 groups based on the con-
cordance and discordance between MRI and pathology, 
there was a significant difference between these groups 

Fig. 3  Seventy-two-year old man with high grade muscle-invasive urothelial bladder cancer on transurethral resection. MRI performed after 3 cycles of 
neoadjuvant gemcitabine + cisplatin, showed residual focal wall thickening (arrow) in the anterior bladder wall on axial T2-weighted imaging (A). There 
was no abnormal high signal on axial diffusion-weighed imaging (B) but mild ill-defined enhancement was noted on sagittal post-contrast MRI (C). At 
radical cystectomy, there was a 0.5-cm focus of residual tumor in situ (ypTis). Patient was alive without recurrence at 792 days after surgery

 

Fig. 2  Receiver operating characteristic (ROC) analysis comparing diagnostic performance of biparametric and multiparametric MRI for detecting re-
sidual tumor on cystectomy specimens after neoadjuvant chemotherapy. Biparametric MRI was superior to multiparametric MRI with corresponding 
areas under the ROC of 0.75 (95% confidence interval [CI], 0.62–0.88) and 0.58 (95% CI, 0.44–0.72), respectively
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in their DFS (p < 0.001). Specifically, the concordant posi-
tive group (suspicious MRI findings and residual disease 
on pathology; n = 28) showed significantly worse DFS 
compared with the concordant negative group (no suspi-
cious MRI findings and no residual disease on pathology; 
n = 14) with a HR of 8.75 (95% CI 2.02–37.82; p = 0.004) 
and compared with the discordant group (n = 19 among 
which 15 had a negative MRI but residual disease on 
pathology whereas 4 had a suspicious MRI but no resid-
ual disease on pathology) with a HR of 3.48 (95% CI 
1.39–8.71; p = 0.014). There was no significant difference 
in DFS between the discordant group and the concordant 
negative group (HR = 2.51, 95% CI 0.50–12.49; p = 0.524).

Discussion
In the current study we assessed the diagnostic perfor-
mance and prognostic role of MRI after neoadjuvant 
chemotherapy in patients with muscle-invasive urothelial 
bladder cancer. We found that the MRI after chemother-
apy showed a moderately high specificity for determining 

the presence of residual disease at cystectomy using the 
biparametric approach – that is, performing MRI with-
out IV contrast, performing significantly better than the 
multiparametric technique. A negative MRI was sig-
nificantly associated with better DFS after cystectomy, 
further allowing better risk stratification of patients 
comprehensively using pathology and MRI. Overall, our 
findings support the use of MRI in the post-treatment 
assessment of MIBC for assessing treatment response 
and prognostication, which will help plan management 
and counsel patients especially in this era of personalized 
treatment and increased use of potential bladder-sparing 
approaches.

The overall diagnostic performance of BP-MRI was 
moderate (AUC = 0.75) for detecting residual cancer on 
cystectomy specimens in patients that had underwent 
neoadjuvant chemotherapy. Known limitations are likely 
impediments for achieving higher diagnostic accura-
cies, namely diffuse post-treatment changes, either from 
the TUR or effects of chemotherapeutic agents which 

Fig. 5  Sixty-four-year old woman with high grade muscle-invasive urothelial bladder cancer and small cell variant histology on transurethral resection. 
MRI performed after 4 cycles of neoadjuvant etoposide + cisplatin, showed minimal thickening on axial T2-weighted imaging at the site of resected 
tumor (A), no increased signal on axial diffusion-weighted imaging (B) but focal early nodular enhancement on sagittal post-contrast MRI (C). This was 
considered a negative biparametric and positive multiparametric MRI. At radical cystectomy, there was no residual tumor (ypT0). Patient was alive without 
recurrence at 1048 days after surgery

 

Fig. 4  Fifty-five-year old woman with high grade muscle-invasive urothelial bladder cancer on transurethral resection. MRI performed after 4 cycles of 
neoadjuvant gemcitabine + carboplatin, showed an intermediate signal nodule (arrow) on T2-weighted imaging (A) with corresponding focal high signal 
on diffusion-weighed imaging (B) and early and strong enhancement on post-contrast MRI (C). At radical cystectomy, there was residual tumor with 
perivesical fat invasion (ypT3). Tumor recurred at the pelvic sidewall at 78 days after surgery and the patient subsequently died at 128 days after surgery

 



Page 7 of 11Woo et al. Cancer Imaging          (2023) 23:110 

inevitably results in fibrosis and inflammation. These 
can show abnormal MRI signal changes that may either 
mimic tumor or obscure the presence of residual tumor 
and therefore undermining sensitivity and specificity, 
especially on anatomical MRI sequences such as T2WI. 
For the same reason, it is recommended that VI-RADS 
assessment of muscle invasiveness in bladder tumors, 
should be performed in the pre-treatment setting and 
preferentially recommended to be performed before a 
therapeutic TUR. In order to overcome these limita-
tions, using functional sequences has been emphasized 
for assessing bladder tumors, such as DWI which exploits 
tissue characteristics such as cellularity or histologi-
cal aggressiveness in various cancers [23, 24]. Utilizing 
the advantages of DWI helps improve the specificity of 

detecting residual tumor after NAC (77.8% in our study) 
when using T2WI and DWI in conjunction. Neverthe-
less, detection of microscopic tumor is below the reso-
lution of even DWI and limits sensitivity (66.7% in our 
study). This is substantiated by the fact that in our study, 
in 10 of the 15 patients where MRI failed to detect resid-
ual disease, the tumors were present only as microscopic 
foci. In the recent years, there have been attempts to 
further increase the diagnostic performance of MRI for 
detecting residual tumor by using quantitative MRI met-
rics (e.g., apparent diffusion coefficient values on DWI) 
– however these metrics are highly dependent on tech-
nical parameters such as MRI magnet strength, vendor 
and acquisition parameters and are yet not considered to 

Fig. 6  Kaplan-Meier survival curves for disease-free survival in patients who received neoadjuvant chemotherapy followed by cystectomy. The survival 
estimates between three subgroups based on concordance and discordance between MRI and pathology showed significant difference (p < 0.001)
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be universally applicable and therefore warrants further 
investigation [20, 25].

The conundrum of whether to use IV contrast or not 
(or in other words, to perform BP-MRI vs. MP-MRI) 
in the assessment of various malignancies originally 
stemmed from the rationale that omitting IV contrast 
administration can save acquisition time, increase patient 
comfort and access to MRI, and decrease risk of contrast-
related adverse reactions while maintaining diagnostic 
performance [12–14]. In our study, we found that BP-
MRI actually was actually more accurate than MP-MRI 
(AUC = 0.75 vs. 0.58, respectively; p = 0.049). While sen-
sitivity between the two approaches were virtually iden-
tical, there was a substantial difference in the specificity: 
77.8% vs. 38.9%, respectively. Our results are in agree-
ment with the preliminary observations by Yoshida et al. 
[19] where the investigators reported a similarly strik-
ing difference: specificity of 92% for DWI and 18% for 
DCE MRI in patients with MIBC that received chemo-
radiotherapy. Additionally, in the PURE-01 trial, where 
patients with MIBC underwent neoadjuvant immuno-
therapy with Pembrolizumab, investigators found that 
there was no difference in biparametric and multipa-
rametric MRI (AUC 0.74 and 0.74, respectively) with 
identical sensitivity and specificity for both approaches 
(0.76 and 0.70, respectively) [26]. The difference of the 
results from the PURE-01 trial and the above (our study 
and Yoshida et al. [19]) may stem from differences in the 
imaging assessment criteria and the systemic therapeutic 
agent used (chemotherapy vs. immunotherapy). Alto-
gether, these findings are consistent with clinical observa-
tions where early enhancement in the area of the tumor is 
common (which was the diagnostic criteria used in our 
and other studies) regardless of the presence of residual 
tumor due to reactive changes, inflammation, and fibro-
sis and as a result, does not really help determine whether 
there is residual tumor or not. Based on the collective 
results of our study and others, adding IV contrast (e.g., 
MP-MRI) may not only fail to provide incremental value, 
but even be detrimental for the assessment of residual 
disease after neoadjuvant treatment. Interestingly, there 
is also emerging evidence from the pretreatment setting 
showing that BP-MRI may perform similarly to MP-MRI 
for determining muscle invasion of bladder tumors [13, 
27].

In our study, in addition to assessing the diagnos-
tic performance of MRI for detecting residual tumor 
after NAC, we evaluated if the potential prognostic 
role for MRI. First, we found that a positive MRI after 
NAC was associated with a worse DFS (HR = 3.84, 95% 
CI 1.64–9.03; p < 0.001) along with residual disease on 
pathology (HR = 4.99, 95% CI 1.50–16.60; p = 0.004). 
This corroborates results from a trial where patients 
with MIBC received NAC with a regimen of dose-dense 

methotrexate, vinblastine, doxorubicin, and cispla-
tin by Choueiri et al. [5], where radiological response 
(using a criteria of > 50% decrease in product of the lon-
gest perpendicular diameters) was shown to have a HR 
of 4.1 (95% CI 1.3–12.5; p = 0.009). Second, we found 
that when stratifying the patients into 3 groups based 
on the concordance and discordance between MRI and 
pathology, the patients that had both a positive MRI 
and residual disease on pathology had worse DFS com-
pared with not only [1] patients with a negative MRI 
and no residual disease on pathology (HR = 8.16, 95% CI 
1.89–35.10; p = 0.005) but also compared with [2] patients 
that had discordant results between MRI and pathology 
(HR = 3.27, 95% CI 1.31–8.12; p = 0.021). The fact that 
patients that had a positive MRI and residual disease on 
pathology showed the worst prognosis is easily under-
stood as they represent those harboring a larger cancer 
burden and aggressive disease that did not respond well 
to NAC. Regarding the better prognosis of the discor-
dant group (compared with those with negative MRI and 
pathology), we speculate that these results were mainly 
driven by patients that had a negative MRI and positive 
pathology result (15/19 of the discordant subgroup). 
As discussed above, it can be intuitively understood 
that larger tumor volume (therefore better detectable 
on MRI) will confer a worse outcome compared with 
tumors that are only microscopically present (and there-
fore not easily detectable on MRI). Although it is not 
well understood, a few hypotheses could explain the 
remaining patients showing the opposite pattern of dis-
cordance – that is, a positive MRI but no residual tumor 
on pathology. As post-NAC MRIs were done prior to the 
cystectomy, we speculate that larger and slower respond-
ing tumors may in fact still have harbored residual tumor 
at the time of MRI but resolved by the time of cystec-
tomy. This phenomenon has been shown in patients 
with rectal tumors that underwent chemoradiation fol-
lowed by surgical resection [28]. A similar concept is 
reflected in the recently proposed MRI interpretation 
algorithm for assessing response assessment to systemic 
therapy in bladder cancer called Neoadjuvant chemo-
therapy VI-RADS (nacVI-RADS) in which a score of 1 
(very high likelihood) to 5 (very low likelihood) is given 
based on the likelihood of no residual disease after NAC 
[29]. According to nacVI-RADS, the same negative MRI 
is given a score of 1 (very high likelihood of no residual 
disease) if there was no perivesical invasion on the pre-
treatment baseline MRI; however, if there was perivesical 
invasion present at baseline, then it is given a score of 2 
(high likelihood of no residual disease). We were unable 
to confirm this as many of the patients in our study did 
not have a baseline pretreatment MRI.

As it has been well documented through prior trials, 
pathological complete response (i.e., no residual disease 
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on cystectomy specimens after NAC) was also associated 
with better long-term outcomes in patients with MIBC 
who have received NAC (HR = 4.99, 95% CI 1.50–16.60; 
p = 0.004). Nevertheless, the main limitation of pathologi-
cal assessment of post-NAC cystectomy specimens (at 
least in the point of view of considering the possibility of 
bladder-sparing approaches) is that this information can 
only be obtained after performing the completion cystec-
tomy [7]. We believe that the results of our study provide 
rationale for MRI being part of post-NAC assessment in 
patients with MIBC. Nevertheless, we do not believe that 
MRI should be used standalone as the diagnostic per-
formance of MRI was not perfect for predicting absence 
of residual disease (AUC = 0.76). It may be necessary to 
combine MRI with other conventional and novel modali-
ties such as cystoscopy, urine cytology, liquid biopsy, and 
molecular markers [30, 31]. Such a combination of multi-
ple complementary modalities would enable the dream of 
personalized therapy – providing the option of bladder-
sparing approaches to patients who have a good response 
after NAC (e.g., complete response) and is predicted not 
to recur or metastasize – become a reality.

Our study had a few limitations. First, the retrospec-
tive nature and small number of patients introduces an 
inherent selection bias. This is partly due to the fact that 
MRI for response assessment (or as a matter of fact for 
assessment in any clinical setting) in bladder cancers has 
not yet been widely adopted compared with other pelvic 
tumors such as prostate and cervical cancers. However, 
with the increasing interest in using bladder MRI for 
assessment of muscle invasion and treatment response, 
it is anticipated that we will gain more experience in 
the near future. Additionally, our study included sub-
stantially greater number of patients (N = 61) compared 
with most of the earlier preliminary studies investigat-
ing MRI in a similar manner (range, N = 10–48) [5, 19, 
20, 29, 32, 33]. Therefore, future studies with larger num-
ber of patients conducted in a prospective manner may 
be able to confirm whether BP-MRI is in fact superior to 
MP-MRI for evaluating residual tumor on MRI after neo-
adjuvant chemotherapy in patients with MIBC. Second, 
patients received various types of systemic treatments, 
including different chemotherapeutic regimen and dif-
ferent number of cycles. However, this represents the 
real-world evidence as it is often that patients may not 
be able to tolerate full regimens of chemotherapy and 
reflecting the increasing greater number of novel thera-
peutic agents being developed. Moreover, the timing of 
post-NAC MRI was not uniform (as it was not performed 
as part of a clinical trial) and was relatively short (median 
of 14 days; IQR 7–23), which may have been a potentially 
source for decreased sensitivity and specificity of MRI for 
determining residual cancer. Therefore, in order to better 
understand the diagnostic performance and prognostic 

role of MRI in the setting of NAC in patients with MIBC, 
and how information from such can be used to approach 
bladder-sparing approaches, we will need to incorporate 
MRI as part of standard assessment modality in clinical 
trials. Third, inter-reader agreement was not assessed 
as part of this study. However, it has been shown that 
in general there is good agreement between radiologist 
for interpreting MRI for bladder cancer both before and 
after treatment [29, 34]. Fourth, there is a possibility that 
interpretation of DCE MRI was influenced by the other 
sequences (T2WI and DWI). To capture the true extent 
of which DCE contributes to the MRI interpretation of 
bladder tumors after NAC, further studies may attempt 
comparison between BP- and MP-MRI in a randomized 
fashion.

Conclusion
BP-MRI was more accurate than MP-MRI, showing a 
moderately high specificity for determining the presence 
of residual disease at cystectomy in patients with MIBC 
that underwent NAC. Furthermore, a negative MRI was 
associated with better outcomes after cystectomy, pro-
viding useful information in addition to pathological 
assessment of cystectomy specimens. If our findings are 
further validated, MRI may be used as an additional tool 
for assessing treatment response and prognostication in 
MIBC and potential help identify potential candidates for 
bladder-sparing approaches.
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(95% confidence interval [CI], 0.66–0.88) and 0.71 (95% CI, 0.59–0.82), 
respectively. Using MRI scores of 4–5 as positive, sensitivity and specificity 
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ypT stage (no residual tumor, non-MIBC, and MIBC).(A) DFS estimates were 
significantly worse in patients with MIBC after NAC (hazard ratio [HR] = 
5.77, 95% confidence interval [CI] 2.43–13.68, p < 0.001). (B) Overall, there 
were significant differences in DFS stratified to ypT stage (p < 0.001). While 
patients with MIBC had significantly worse DFS than those without re-
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