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Abstract.
BACKGROUND: Neoadjuvant chemotherapy (NAC) prior to radical cystectomy (RC) remains standard treatment for select
patients with muscle-invasive bladder cancer (MIBC). Although computed tomography (CT) is often obtained prior to RC,
its ability to predict pathologic response is poorly characterized.
OBJECTIVE: The purpose of this study is to evaluate the predictive value of CT in assessing disease burden after NAC.
METHODS: Patients with MIBC having received NAC prior to RC were identified. Pre- and post-NAC CT scans were
reviewed by an abdominal radiologist. The correlation between pathologic complete response (PCR) and radiologic complete
response (RCR) was determined as the primary aim. As a secondary aim, the correlation between pathologic partial response
(PPR) and radiologic partial response (RPR) was determined. Logistic regression analysis was utilized to determine the
predictive value of CT in determining disease burden at RC.
RESULTS: A total of 141 patients were identified for analysis. PCR and PPR was achieved in 34% and 16% of patients,
respectively. The positive predictive value of post-NAC CT was 53.5% for PCR and 28.8% for PPR. The negative predictive
value of post-NAC CT was 73.5% for PCR and 46.2% for PPR. There was no significant association between RCR and PCR
(OR 1.13, p = 0.67). Similarly, there was no meaningful association between RPR and PPR, lymph node involvement, or
presence of extravesical disease.
CONCLUSIONS: CT findings correlate poorly with final pathology at RC and should not be used to evaluate local disease
burden.
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INTRODUCTION

The administration of neoadjuvant chemotherapy
(NAC) prior to radical cystectomy (RC) for muscle-
invasive bladder cancer (MIBC) has been shown to
yield a 5% improvement in overall survival over five
years [1]. Response to NAC is an important prognos-
tic marker, and patients demonstrating pathological
downstaging or complete response have improved
survival following RC compared to those with resid-
ual invasive disease [2]. Although current evidence
supports the use of NAC in selected patients, reliable
markers of clinical response prior to RC are lacking.

Computed tomography (CT) is commonly used
after completion of NAC as an indicator of dis-
ease response, including in bladder preservation trial
design, and thus is a potential determinant of surgi-
cal candidacy. We assessed the predictive value of
contrast-enhanced CT in determining disease burden
and treatment response following NAC.

CT is a commonly used imaging modality for the
detection of bladder cancer and has been reported to
perform well in this setting [3]. CT has been shown to
demonstrate high sensitivity and specificity in iden-
tifying tumor invasion beyond the bladder serosa and
into adjacent structures [4]. Nevertheless, CT carries
significant limitations, including the inability to dif-
ferentiate muscle invasive and non-muscle invasive
disease, as the attenuation between the bladder wall
and tumor can be difficult to resolve [5]. Clinical
estimation of tumor size and response to therapy is
commonly based on the World Health Organization
and Response Evaluation Criteria in Solid Tumors
(RECIST) criteria, both of which may be inaccurate
and are subject to inter- and intra-observer variability
[6].

Given the morbidity associated with RC and uri-
nary diversion, as well as ongoing clinical trials
attempting to identify bladder-sparing protocols fol-
lowing NAC [7, 8], it is imperative to determine
reliable means to characterize residual disease bur-
den prior to RC. As up to 40% of patients may be
ypT0 at the time of cystectomy, a significant number
of patients may be candidates for bladder sparing if
complete responders can be identified [9, 10]. Despite
the use of CT in the NAC setting, little is known about
the correlation between post-chemotherapy CT find-
ings and final pathology at RC. An understanding
of the predictive value of CT in the NAC setting is
needed to determine the optimal imaging protocol
to assess residual disease burden. It is hypothesized
that findings on CT correlate poorly with final pathol-

Fig. 1. CONSORT diagram of patients having undergone neoad-
juvant chemotherapy (NAC) followed by radical cystectomy (RC)
with available post-NAC imaging (N = 155).

ogy at RC based on the inherent limitations of this
modality.

MATERIALS AND METHODS

Patient Selection

Following Institutional Review Board approval
(IRB No. 00145000), we retrospectively identified
patients having undergone RC following NAC at The
University of Kansas Health System between the
years 2008–2020 using the electronic medical record.
Patients with a diagnosis of MIBC who received
systemic NAC were selected for comparative anal-
ysis. Given the retrospective design of the study,
informed consent was not required prior to inclusion.
Patients who underwent contrast-enhanced CT of the
abdomen and pelvis following NAC and prior to RC
were included. Patients were not excluded if films
were obtained at an outside institution. Patients with
missing data regarding initial or final pathology were
excluded. A CONSORT diagram is included in Fig. 1.

As the timing of pre-operative appointments with
imaging may have occurred prior to the completion
of NAC, patients were included if only a single cycle
of chemotherapy was remaining at the time of CT. A
subset of patients with CT scans available at the time
of MIBC diagnosis prior to NAC were also identified
to determine if interval radiographic changes corre-
lated with final pathology (n = 111). Demographics
and clinicopathologic data were abstracted from the
electronic medical record and are summarized in
Table 1.

Radiographic and pathologic characterization

All pre- and post-NAC CT scans were reviewed
by an abdominal radiologist (S.B.) with significant
experience evaluating genitourinary malignancy to
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Table 1
Patient characteristics including summary of radiographic and pathologic response rates

Variable Group Radiographic Response Pathologic Response
RCR RPR RDP PCR PPR

N N (%) N (%) N (%) N (%) N (%)

Sex Male 109 41 (37.7) 46 (42.2) 5 (4.6) 38 (34.9) 25 (22.9)
Female 32 18 (56.3) 6 (18.8) 2 (6.3) 13 (40.6) 3 (9.38)

p-value 0.24 0.08 0.72 0.69 0.15
NAC MVAC 37 18 (51.3) 15 (40.5) 1 (2.70) 18 (48.6) 3 (8.11)

Gem/CIS 79 31 (39.2) 29 (36.7) 5 (6.33) 21 (26.6) 16 (20.3)
p-value 0.54 0.79 0.43 0.11 0.15
Smoking History∗ >20 pack years 76 40 (52.6) 18 (23.6) 6 (7.89) 21(27.6) 14 (18.4)

<20 pack years 25 10 (40.0) 5 (20.0) 1 (4.00) 9(36.0) 7 (28.0)
None 33 1 (3.03) 26 (78.8) 0 (0.00) 5(15.2) 3 (9.09)

p-value 0.01 0.01 0.59 0.35 0.30
Prior TURBT∗ 1 106 42 (39.6) 39 (36.8) 7 (6.60) 40 (37.7) 14 (13.2)

>1 35 12 (34.3) 10 (28.6) 0 (0.00) 9 (25.7) 8 (22.9)
p-value 0.70 0.53 0.43 0.72 0.25

Abbreviations: RCR = radiologic complete response, RPR = radiologic partial response, PCR = pathologic complete response,
PPR = pathologic partial response, RDP = radiologic disease progression, NAC = neoadjuvant chemotherapy, TURBT = transurethral resec-
tion of bladder tumor, UC = Urothelial carcinoma. ∗Totals not amounting to n = 141 reflect incomplete or unspecified data.

determine evidence of bladder cancer and extent of
disease. Outcomes were characterized by correla-
tion between radiographic response and pathologic
response. Radiologic complete response (RCR) was
defined as the absence of any feature of bladder can-
cer on post-NAC CT. Radiographic partial response
(RPR) was determined by comparing pre-and post-
NAC scans. RPR was defined as a decrease in tumor
size, decrease in tumor number, resolution of lym-
phadenopathy, or resolution of features suggestive of
clinical T3 (cT3) disease. Radiographic cT3 features
were defined as hydronephrosis, prominent perivesi-
cal fat stranding, serosal nodularity, or extravesical
extension.

The primary aim of this study was to determine
if post-NAC CT is predictive of complete response
(ypT0). Pathologic complete response (PCR) was
defined as pT0N0, and pathologic partial response
(PPR) was defined as <pT2 and pN0, excluding
patients with complete response. Disease progression
was defined as an increase in tumor size or number,
the presence of a new enhancing bladder mass, inter-
val development of cT3 features, or an increase in or
development of lymphadenopathy following NAC.

Statistical analysis

Data analysis was completed for demographic and
clinical data using the χ2 test unless 20% or more of
the counts had a value of less than five, in which case
Fisher’s exact test was employed. Analyses inves-
tigating the effect of covariates on the variables of
interest were conducted using binary logistic regres-

sion. Covariates included age, gender, presence of
T3 disease, smoking history, pre-operative intravesi-
cal chemotherapy, presence of carcinoma in situ, and
multifocal disease. Odds ratios with corresponding
p-values and confidence intervals were obtained for
all variables in each model. Analyses were conducted
using SAS version 9.4.

Additional testing was performed to determine
meaningful correlation, including Chi-square analy-
sis and Cohen’s Kappa coefficient (k) determination.
By convention, inverse kappa (–) values indicated
disagreement. Meaningful agreement was defined as
k > 0.25, and meaningful disagreement was defined as
k < –0.25. As such, Kappa coefficient values between
–0.25–0.25 indicated no meaningful correlation. Data
from these ancillary analyses are reported in Supple-
mentary Table 1.

In all cases, p < 0.05 was used to indicate statistical
significance. Sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy
were calculated for all relevant statistical aims.

RESULTS

Patient demographics and clinical associations

A total of 155 patients having undergone NAC fol-
lowed by RC met inclusion criteria, of which 141
were included in the final analysis based on avail-
able pathologic data. Of the total, 111 (78.7%) had
CT imaging obtained prior to NAC receipt but after
diagnosis of MIBC for comparison. The median time
to surgery after post-NAC CT was 31 days, and only
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Table 2
Summary findings and correlation between observed radiographic response and pathologic response

Radiographic Response Pathologic Response (N%) Total (N%) OR (95% CI)

pT0N0 Residual Disease 1.13 [0.45, 2.90]
Complete Response 17 (44) 41 (41) 58 (41)
Residual Disease 22 (56) 61 (59) 83 (59)
Total 39 102 141

pT0N0 or CIS Residual Disease 1.09 [0.47, 2.56]
Complete Response 23 (43) 35 (40) 58 (41)
Residual Disease 30 (57) 53 (60) 83 (59)
Total 53 88 141

Partial Response No response 0.58 [0.26, 1.13]
Partial Response 20 (40) 32 (52) 52 (47)
No Response 30 (60) 29 (48) 59 (53)
Total 50 61 111∗

pN1-3 N0 0.82 [0.15, 4.6]
Lymph Node Involvement 2 (6) 10 (9) 12 (9)
No Enlarged Lymph Nodes 31 (94) 97 (91) 128 (91)
Total 33 107 140∗

≤pT3 <pT3 disease 1.63 [0.77, 3.45]
Evidence of T3 Disease 19 (41) 31 (33) 50 (35)
No Evidence of T3 Disease 28 (59) 64 (67) 92 (65)
Total 46 95 141
∗Totals not amounting to 141 reflect incomplete or unspecified data.

11 (7.8%) patients underwent imaging prior to their
completion of NAC. The median age was 65 years.
PCR was achieved in 34% of patients and PPR was
achieved in 16% following NAC. No significant asso-
ciation was observed between pathologic response
(PCR or PPR) and sex, NAC regimen, smoking
history, or number of prior transurethral resections
(TURBTs). The association between patient demo-
graphics and clinical history with radiographic and
pathologic disease response is displayed in Table 1.

RCR was achieved in 37.4% of patients, and
RPR was achieved in 32.9% of patients. Several
factors were associated with the identification of
radiographic response. A total of 51.3% of patients
receiving MVAC achieved RCR compared to 39.2%
of patients receiving gemcitabine/cisplatin (p = 0.04).
A smaller proportion of never-smokers (3.03%)
achieved RCR as compared to those with a smok-
ing history of <20 pack years (40.0%) or >20 pack
years (52.6%, p = 0.01). Male patients more com-
monly achieved RPR than female patients (42.2% vs.
18.8%, p = 0.04). Radiographic disease progression
occurred in 4.96% of patients and was not associated
with observed differences in patient demographic or
clinical history.

Correlation between imaging and final pathology

There was no significant association between RCR
and PCR on logistic regression analysis (OR 1.13,

p = 0.67) after adjusting for covariates. Similar find-
ings were noted when including carcinoma in situ
(CIS) in the definition of complete response (based on
low likelihood of radiologic identification) (OR 1.09,
p = 0.70). Similarly, there was no meaningful associ-
ation between RPR and PPR (OR 0.58, p = 0.25). The
association between post-NAC CT findings and final
pathology at RC is displayed in Table 2. No signif-
icant correlation between RCR and PCR was noted
via ancillary statistical analyses including Cohen’s
kappa coefficient (k = 0.03, CI –0.13–0.19) and Chi-
squared analysis (χ2 = 0.178, p = 0.67). A summary
of agreement statistics as defined by Cohen’s Kappa
coefficient can be found in Fig. 2. Kappa coefficients
and Chi-squared findings are further summarized in
Supplemental Table 1.

Diagnostic value of CT

The positive predictive value of post-NAC CT was
29.3% for PCR and 38.4% for PPR. The negative
predictive value of post-NAC CT was 73.5% for PCR
and 49.1% for PPR.

Post-NAC CT demonstrated low sensitivity for
PCR (43.6%), PPR (43.4%), downstaging of dis-
ease (40.0%), evidence of T3 disease (40.4%), and
identification of lymph node metastasis (6.1%). Post-
NAC CT exhibited similarly low specificity for PCR
(59.8%), PPR (60.2%), and downstaging (47.5%),
although specificity for lymph node metastasis was
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Fig. 2. Correlation between radiographic and pathologic findings based on Cohen’s Kappa Coefficient. 95% confidence intervals are
represented by solid lines. Dashed red lines delineate outer boundary for values corresponding to poor agreement (k = –0.25–0.25).

Table 3
Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of post-NAC CT based on final pathology at radical

cystectomy

Radiographic Feature Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Complete Radiographic Response 43.6 59.8 29.3 73.5 55.3
Complete Radiographic Response (+CIS) 43.4 60.2 39.6 63.9 44.1
Radiographic Partial Response 40.0 47.5 38.4 49.2 53.9
Radiographic Lymphadenopathy 6.06 90.7 16.7 75.8 70.7
Radiographic cT3 Features 40.4 67.4 38.0 69.5 58.4

Abbreviations: PPV = positive predictive value, NPV = negative predictive value.

high (90.4%). The sensitivity, specificity, positive
predictive value, negative predictive value, and accu-
racy of post-NAC CT for each aim are summarized
in Table 3.

DISCUSSION

The results of this study do not demonstrate a
meaningful correlation between post-NAC CT and
final pathology at RC. Notably, there was no sig-
nificant correlation between the identification of a
complete response on CT and the absence of residual
disease after RC (OR 1.13, p = 0.67). Similarly, poor
correlation was noted for partial disease response,
lymph node involvement, and the presence of >T2
disease (Table 2). These findings were supported
by both Cohen’s kappa coefficient testing and Chi-
squared analysis (Supplementary Table 1). As up to
40% of patients with MIBC are expected to experi-
ence a complete response to NAC (34% in this study),
additional diagnostic modalities should be explored
to better risk stratify patients prior to RC [1, 10].

Few studies have previously explored the predic-
tive value of CT in identifying complete response

following NAC, and results have varied. In a study
of 59 patients by Fukui et al., CT findings based on
the RECIST criteria were unable to reliably identify
patients with pT0 status at RC [11]. In contrast, Reese
et al. concluded that radiographic restaging would
avoid RC in approximately 10% of patients, although
correlation between clinical and pathologic diagno-
sis was not evaluated, which limits the validity of the
findings [12].

Choi et al. evaluated the role of urothelial phase
CT, which is obtained 60–80 seconds after con-
trast administration and can improve identification
of urothelial malignancy [13]. Using this technique,
absence of thin inner-layer enhancement or bladder
wall thickening demonstrated favorable sensitivity
(74.1–81.5%) and specificity (80.4–84.8%) for com-
plete response after NAC [9]. Ancillary tools such
as computerized decision-support systems and deep
learning have exhibited improved identification of
pT0 disease by CT, with an area under the curve
approaching 0.80, although direct comparisons to tra-
ditional CT protocols have not been made [14, 15].
Unfortunately, such attempts to augment the utility
of CT in the detection of bladder cancer are rarely
employed in clinical practice.
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Characterization of partial response by CT was
poor in this study, with a 95% confidence inter-
val from Cohen’s kappa analyses including values
representing meaningful disagreement (k = 0.12, CI
–0.31–0.06). The poor correlation and suboptimal
PPV (38.4%) and NPV (49.2%) for partial response
suggest that CT cannot reliably predict the extent of
residual disease after NAC. In a study by Paik et al.,
CT was able to discriminate the depth of invasion in
only 1.2% of patients and correctly identified extrav-
esical tumor spread in only 4.9% of patients. Paik
et al. demonstrated an accuracy of 54.9% for deter-
mination of stage, which mirrors the accuracy seen
for RCR (55.3%) and RPR (53.9%) observed here
[16]. Similar to our study, poor correlations between
lymph node involvement and T3 disease have been
demonstrated in prior series [17, 18].

The results of this study are likely due to inher-
ent limitations of CT in evaluating bladder cancer.
Findings present after TURBT and NAC, includ-
ing desmoplastic reaction, infection, scar tissue, and
necrosis, are difficult to distinguish from malig-
nancy and may preclude definitive characterization
of response [5]. Tumors of the bladder neck and
prostate may go undetected, and the finding of dif-
fuse bladder wall thickening can be due to benign
causes, most notably poor bladder distension [3, 19].
Partial response can be challenging to assess due to
loss of fat planes between the bladder and adjacent
organs, making T3-4 disease difficult to distinguish
from less-invasive disease. Furthermore, although a
single radiologist was used in our study, interobserver
variability is expected to play a role [6]. Variations
in radiology protocols affect the ability for CT to
identify bladder cancer, and disease progression may
occur between the identification of RPR and RC,
thereby limiting accurate assessment of response [9].

Retrospective analysis demonstrates that active
surveillance following complete clinical response to
NAC is associated with a five-year disease specific
survival rate of 90% and a recurrence free survival
rate of 64% [2]. Given the aggressive nature of MIBC,
the level of accuracy to identify complete response
should approach 100% if bladder-sparing therapies
are to be considered. The use of magnetic reso-
nance imaging (MRI) and the validated VI-RADS
system may potentially be useful in this setting. VI-
RADS can discriminate MIBC from NMIBC with
a PPV and NPV of 77.5% and 97.1%, respectively
[19]. Multi-parametric MRI carries a sensitivity of
75% and specificity of nearly 100% in differentiating
residual bladder tumor from treatment-related arti-

facts, which are difficult to delineate on CT [21].
In a prospective study of 90 patients with MIBC
having undergone NAC, dynamic contrast-enhanced
and diffusion-weighted MRI demonstrated diagnos-
tic accuracy, sensitivity, and specificity of >90% with
an AUC of 0.97–0.98 for characterizing response
[22]. The use of MRI therefore carries potential to
assess disease burden after NAC and has already been
shown to have favorable interobserver variability in
predicting complete response following neoadjuvant
immunotherapy [23].

Non-radiographic modalities are also being eval-
uated to determine treatment response after NAC.
In a study of 101 patients with MIBC, cystoscopy
findings after NAC were an independent predictor of
extravesical disease, downstaging, and survival [24].
In contrast, a more recent trial evaluating systematic
endoscopic evaluation and tissue sampling revealed
that nearly half of patients with a negative evalu-
ation harbored residual disease with 25.8% having
MIBC at the time of cystectomy [25]. In a retrospec-
tive study by Regmi et al., cystoscopy appeared to
augment the predictive value of cross-sectional imag-
ing to determine interim NAC response, although
the study cohort included patients having undergone
PET-CT or MRI, modalities that are likely to have
greater predictive value than CT [26]. TURBT alone
has not been shown to correlate well with pT0 status
after NAC [27].

Limitations include retrospective design and
reduced power to assess partial response, as some
patients did not have pre-NAC imaging available.
Although the utilization of a single radiologist limits
interobserver variability within the study, it compro-
mises the generalizability of the findings. Clinical
parameters such as prior resection number, tumor
location, and size of prior resection were not con-
trolled for and may serve as confounders based on
the appearance of scar tissue or necrosis on imaging.
Additionally, we did not differentiate patients with
>T2 disease on TURBT, which limited our ability to
capture patients with pathologic partial response who
may have responded to NAC but still had muscle-
invasive disease at RC.

Although all images were reviewed internally, not
all scans were performed at the same institution,
introducing variability in image quality, slice thick-
ness, and radiographic protocols, which have been
shown to affect diagnostic performance [13]. Fur-
thermore, a small subset of patients (n = 11) had not
completed their final cycle of NAC prior to imaging,
which could have led to an inaccurate estimation of
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disease burden prior to RC. The evaluation of routine
imaging in this population, however, may be more
applicable to the general MIBC population. Smoking
status was not controlled for directly and has shown
to be associated with response to NAC [28]. Correla-
tion between CT findings and outcomes could not be
assessed in this study as the inclusion of only patients
undergoing cystectomy would introduce unaccept-
able selection bias for this aim.

CONCLUSIONS

CT does not accurately characterize response to
NAC. As such, clinical decision making after NAC
should not be based on CT alone, and inclusion of CT
in clinical trial surveillance algorithms should be sus-
pect. The identification of progression to metastatic
disease prior to RC, however, remains a relevant indi-
cation to obtain CT following NAC. While it remains
unclear if RC may be safely deferred in patients
who respond to NAC, identifying reliable methods to
characterize treatment response is critical. Our data
indicate post-NAC CT scans should not be used to
determine candidacy for surgical intervention based
on local response. Further studies are needed to eval-
uate novel imaging modalities and biomarkers to
determine response to NAC.
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FJ. Efecto terapéutico de mitomicina C en el postoperatorio
inmediato de pacientes con tumores vesicales no músculo
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