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Abstract

Purpose To investigate the prevalence of and factors’ association with receiving suboptimal neoadjuvant chemotherapy
(NAC) and its impact on survival outcomes in patients with muscle-invasive bladder cancer (MIBC) treated with radical
cystectomy (RC).

Methods We reviewed 1119 patients treated with NAC and/or RC for ¢T2-cT4NOMO BC. Patients were segregated into three
groups: (i) suboptimal NAC (received < 3 cycles of cisplatin-based NAC or non-cisplatin-based regimen), (ii) optimal NAC
and (iii) no NAC. Clinical characteristics were compared among groups. Logistic regression analyses tested the association
between clinical variables and the odds of receiving suboptimal NAC. To adjust for potential baseline confounders, propensity
score matching was performed. Pathologic outcomes were compared between groups and Cox regression analyses tested the
risk factors associated with recurrence, overall (OM) and cancer-specific mortality (CSM).

Results Before matching, 84/315 (26.6%) patients received a suboptimal NAC regimen. Lower general health status and
impaired renal functions were the most significant factors associated with the administration of a suboptimal NAC. After
matching, the optimal NAC group achieved higher rates of complete pathological response as compared to the suboptimal
group (p=0.03). Suboptimal NAC (HR 1.77; p=0.015) and no NAC (HR 1.52; p =0.03) were both associated with higher
risk of recurrence and OM (HR 1.71; p=0.02 and HR 1.61; p=0.02) as compared to optimal NAC.

Conclusion One out of four MIBC patients received a suboptimal NAC regimen before RC. Receiving a suboptimal NAC
regimen was associated with worse disease recurrence and survival outcomes following surgery, as compared to an optimal
NAC regimen.
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Introduction

Electronic supplementary material The online version of this Cisplatin-based neoadjuvant chemotherapy (NAC), followed

article (https://doi.org/10.1007/500345-019-02689-8) contains by radical cystectomy (RC), is considered the standard treat-
supplementary material, which is available to authorized users. ment for muscle-invasive bladder cancer (MIBC) due to a
reported 5%—10% survival benefit compared with RC alone
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may receive a non-cisplatin-based regimen or decreased
dosage because of their poor preoperative clinical charac-
teristics. Recent studies found that incomplete chemotherapy
and alternative regimens were associated with pathologic
progression during NAC and inferior pathologic response
after RC [8, 9]. Therefore, the type and quantity of NAC
should be carefully considered in the evaluation of patient’s
outcomes. Nevertheless, there is a paucity of research
addressing the effects of suboptimal NAC dosing on sur-
vival outcomes. Hinata et al. [10], for the first time, analyzed
the impact of suboptimal NAC (defined as <3 cycles, non-
cisplatin-based regimen and decreased dosage) on patient’s
survival outcomes after RC. They showed that patients who
received suboptimal or no NAC had worse survival out-
comes than those who had an optimal regimen. Therefore,
the identification of factors associated with patient’s ability
to tolerate and complete NAC may have clinical relevance
in terms of survival and would allow for a more selective
approach to NAC use.

We performed a retrospective, observational study aimed
at evaluating (i) the prevalence of and factors associated with
patient receiving a suboptimal NAC [10] and (ii) survival
outcomes after different types of NAC regimes (optimal
NAC, suboptimal NAC and no NAC) and RC in a relatively
large cohort of patients with MIBC treated at an academic
medical center.

Materials and methods

Afters Institutional Review Board approval, we obtained
data of all clinical T2-T4ANOMO MIBC patients who under-
went RC between 2004 and 2015 at Mayo Clinic, Rochester,
MN, from a prospectively maintained institutional RC reg-
istry. Overall, 1337 patients were identified. We excluded
patients with: non-urothelial carcinoma of the bladder at
final pathology (N=120); chemoradiation therapy before
surgery (N=37); previous history of upper tract urothelial
carcinoma (N=27); lack of follow-up data (N=34). A sam-
ple of 1119 patients with clinical T2-T4ANOMO urothelial
carcinoma with complete perioperative and follow-up data
was considered for the final analyses.

Data were reviewed for patient demographic: age, gender,
body mass index (BMI), estimated GFR (eGFR), the Ameri-
can Society of Anaesthesiologists (ASA) score, the Eastern
Cooperative Oncology Group (ECOG) performance status
and Charlson comorbidity index (CCI) [11]. The CCI was
categorized as O or > 1. Clinical staging (cT) before NAC
was based on transurethral resection of the bladder tumor,
results of cross-sectional imaging, and physical examina-
tion. All patients included in the study underwent open or
robot-assisted RC with standard or extended pelvic lymph
node dissection performed by urologic oncologists. Surgical
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complications were classified according to Dindo et al. [12].
Pathological data included tumor and nodal stage (VIII edi-
tion TNM classification) [13], presence of lymphovascular
invasion (LVI), carcinoma in situ (CIS) and surgical margins
status.

Variables regarding NAC administration included: chem-
otherapeutic regimen and number of cycles, dates of initia-
tion and termination of systemic treatment. The most com-
monly used NAC regimens were: gemcitabine and cisplatin
(GC), combined methotrexate, vinblastine, doxorubicin,
and cisplatin (MVAC), combined paclitaxel, gemcitabine
and carboplatin (PGC) or gemcitabine and carboplatin [2,
14-16]. NAC regimen was decided by medical oncologists
based on preference or patient factors. Pathological response
to NAC was defined as: complete (pTO, pNO), partial (pTis/
pTa/pT1, pNO) and no response (pT2—4 or pN +).

Patients were categorized into three groups, as previously
reported [10]: (i) optimal NAC (those who received >3
cycles of cisplatin-based NAC, either GC or MVAC regi-
men at standard dose); (ii) suboptimal NAC (received <3
cycles of cisplatin-based NAC, received decreased dosage or
received a non-cisplatin-based regimen); and (iii) no NAC.
An incomplete chemotherapy regimen was defined as any
dose reduction or < 3 cycles of the prescribed NAC, irre-
spective of the suggested regimen.

Statistical analyses

In the first part of our analysis, we compared baseline patient
characteristics among the three groups. We also investigated
potential clinical predictors of patients receiving a subopti-
mal NAC and incomplete NAC course (any dose reduction
or < 3 cycles, irrespective of the prescribed regimen).

In the second part of our study, we focused on the asso-
ciation between different NAC regimens (optimal vs. sub-
optimal vs. no NAC) and pathologic characteristics and
survival outcomes, namely recurrence-free survival (RFS),
cancer-specific (CSS) and overall survival (OS). OS was
determined by subtracting the months between diagnosis to
last follow-up or death.

To control for measurable baseline differences among
patients in the three groups, we relied on propensity score-
matched analyses (PSM) to adjust for those differences
[17]. Propensity scores were computed by modeling logis-
tic regression with the dependent variable as the odds of
receiving optimal NAC and the independent variables as
age, gender, BMI, ASA score, eGFR and clinical stage. Sub-
sequently, the suboptimal group was matched with both the
optimal and no NAC group using the propensity score (two
separate 1:2 nearest neighbor PSM using a caliper width of
0.2 of the standard deviation of the logit of the propensity
score).
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Descriptive statistics of categorical variables focused
on frequencies and proportions. Medians and interquartile
ranges (IQRs) were reported for continuously coded vari-
ables. The statistical significance of differences in medians
and proportions was tested with Kruskal-Wallis and Chi
square tests. Univariate (UVA) and multivariate (MVA)
logistic regression models tested the association between
clinical variables and suboptimal or incomplete NAC status.
Kaplan—Meier plots graphically depicted univariable RFS,
CSS and OS rates and the statistical significance of differ-
ences was tested with the log-rank test. A sub-analysis was
performed to investigate potential difference in CSS between
the three groups according to preoperative clinical T stage
(cT2 vs. ¢T3-4). Hazard ratios (HR) with 95% confidence
intervals (CI) were calculated using univariate and multi-
variate Cox proportional hazard models to identify potential
predictors of disease recurrence as well as cancer-specific
mortality (CSM) and overall mortality (OM) in the whole
cohort. Statistical tests were performed using SPSS v.21
(IBM Corp., Armonk, NY, USA) and Stata 14.0 (StataCorp,
College Station, TX, USA). All tests were two sided, with a
significance level set at 0.05.

Results

Baseline patient characteristics and clinical
predictors of suboptimal/incomplete NAC

Before matching, 231 (20.6%) patients received optimal
NAC, 84 (7.5%) patients received suboptimal NAC and 804
(71.9%) underwent upfront RC. Age, BMI, eGFR, ASA
score, CCI, ECOG and clinical T stage were significantly
different between groups before PSM. However, after PSM,
baseline patient characteristics were equally distributed
(Table 1).

We investigated potential clinical predictors of patients
receiving a suboptimal (no.=_84/315; 26.6%) or incom-
plete NAC (no.=48/315; 15.2%) regimen (Tables 2, 3)
before matching. Of 84 patients who received a subopti-
mal NAC, 41 had a non-cisplatin-based regimen. Patients
who had a suboptimal NAC regimen were older (p =0.03),
had a higher rate of CCI>1 (p <0.001), had worse ECOG
performance status (p <0.01) and lower eGFR values
(p<0.001) than those who received an optimal NAC. On
multivariable regression analysis, low eGFR values (OR
0.97; p<0.001), CCI>1 (OR 1.98; p=0.02) and ECOG >1
(OR 2.17; p=0.019) emerged as independent predictors of
patients receiving a suboptimal NAC, after adjusting for age
(Table 3). We further investigated potential factors associ-
ated with patient inability to receive a complete course of
NAC. Low eGFR values and CCI>1 were significantly

associated with the risk of receiving an incomplete NAC
regimen at UVA and MVA (all p <0.03).

Pathological outcomes

Because of differences among groups in terms of baseline
characteristics, we performed PSM to adjust for those differ-
ences. After PSM, 156 (38.5%), 83 (20.5%) and 166 (41.0%)
patients were in the optimal NAC, suboptimal NAC and no
NAC group, respectively.

Among groups, pT stage was lower in the optimal NAC
group than in the suboptimal and no NAC group (p <0.001)
(Table 4). Positive nodal status was more frequently found
in the suboptimal (37.4%) and in the no NAC group (28.9%)
than in the optimal NAC group (22.4%) (p =0.03). There
was no difference between groups in terms of positive surgi-
cal margins, CIS and LVI at RC. The optimal NAC group
achieved higher rates of complete pathological response
as compared to the suboptimal group (27.5% vs. 15.6%;
p=0.03).

Survival outcomes according to NAC regimen

The median (IQR) follow-up time among survivors and
patients who did not recur was 67.8 (37.2-110.6) and 49.6
(20.2-98.4) months, respectively. During the study period,
158 (39.0%) patients experienced disease recurrence, 229
(56.5%) died secondary to any cause and 170 (41.9%) died
from BC. Log-rank (p =0.013) tests demonstrated signifi-
cantly better RFS in patients who received optimal NAC
as compared to those who had suboptimal and no NAC
(Fig. 1). Overall and cancer-specific survival were signifi-
cantly lower in the suboptimal NAC group than the opti-
mal NAC group (log-rank p <0.001) (Figs. 2, 3). RFS was
comparable between the suboptimal group and the no NAC
group (p=0.12), while CSS (p=0.04) and OS (p=0.044)
were slightly better for the no NAC vs. the suboptimal NAC
group. Supplementary Figure 1 shows CSS curves of the
three groups stratified according to clinical T stage. Cancer-
specific survival was significantly lower in the suboptimal
NAC group than the optimal NAC group irrespective of the
cT stage (all log-rank p <0.01). Patients with cT3-T4 dis-
ease in the optimal NAC group had better CSS then those in
the no NAC group (p <0.01), but this was not the case for
patients with ¢T2 MIBC (p =0.36). CSS was comparable
between the suboptimal group and the no NAC group (all
p>0.05).

Table 5 depicts propensity score adjusted UVA and
MVA Cox proportional hazard regression analyses show-
ing the associations between study variables and disease
recurrence, CSM and OM. Multivariable analysis showed
that, compared to receiving optimal NAC, suboptimal NAC
(HR 1.77; 95% CI=1.12-3.01; p=0.015) or no NAC (HR
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Table 1 Preoperative characteristics and descriptive statistics of the whole cohort of patients before and after propensity score matching

Before propensity score matching After propensity score matching
Optimal NAC ~ Suboptimal No NAC p value Optimal NAC  Suboptimal No NAC p value
NAC NAC
No. of patients 231 (20.6) 84 (7.5) 804 (71.9) 156 (38.5) 83 (20.5) 166 (41.0)
(%)
Age at RC < 0.001 0.89
(years)
Median (IQR) 65.0 (58-72) 67.0 (60-74) 69.0 (62-77) 67.8 (60-72) 67.0 (60-74) 67.1 (59-76)
Range 32-82 46-84 25-82 42-82 46-83 25-82
BMI (kg/m?) 0.04 0.61
Median (IQR) 28.5 (25.5— 28.7 (24.8- 27.1 (24.6— 27.7 (24.8- 28.7 (24.8- 27.9 (25.1-
31.4) 31.7) 30.2) 31.3) 31.8) 30.2)
Range 15.1-46.9 17.8-47.9 15.5-41.5 18.6-46.9 17.7-47.7 21.5-41.5
Gender [no. 0.38 0.95
(%))
Male 195 (84.4) 69 (82.1) 657 (81.7) 129 (82.6) 69 (83.1) 139 (83.8)
Female 36 (15.6) 15 (17.9) 147 (18.3) 27 (17.4) 14 (16.9) 27 (16.2)
eGFR (mL/min) < 0.001 0.09
Median (IQR) 73.0 (60.7- 60.4 (44.0- 64.9 (51.1- 69.5 (57.9- 60.7 (44.5— 68.9 (53.7-
84.1) 80.4) 78.4) 83.1) 80.4) 83.9)
Range 10.4-201.0 9.3-155.6 10.1-197.3 10.4-146.1 13.4-155.5 11.7-148.1
ASA score 0.04 0.09
Median (IQR) 3.0 (2.0-3.0) 3.0 (2.0-3.0 3.0 (2.0-3.0 3.0 (2.0-3.0) 3.0 (2.0-3.0) 3.0 (2.0-3.0)
Range 1.0-4.0 1.0-4.0 1.0-4.0 1.0-4.0 1.04.0 1.04.0
CCI>1 [no. 108 (46.8) 57 (67.8) 477 (59.3) 0.001 81 (52.1) 55 (66.2) 94 (56.6) 0.15
(%)]
ECOG PS [no. <0.01 0.08
(%)]
0 193 (83.5) 65 (77.3) 678 (84.3) 126 (80.2) 65 (78.3) 134 (80.8)
1 34 (14.5) 12 (14.3) 92 (11.4) 26 (17.3) 12 (14.4) 25 (15.0)
>2 4 (2.0 7(8.4) 34 (4.2) 4(2.5) 6(7.2) 7(4.2)
Clinical T [no. < 0.001 091
(%)]
T2 136 (58.8) 49 (58.3) 656 (81.6) 98 (62.9) 49 (59.1) 114 (68.7)
T3 68 (29.4) 21 (25.0) 108 (13.5) 44 (28.1) 21 (25.3) 32(19.3)
T4 27 (11.8) 14 (16.7) 394.9) 14 (9.0) 13 (15.6) 20 (12.0)
Complications 0.47 0.65
within 30
postoperative
days [no. (%)]
Clavien>III 25 (10.8) 9 (10.7) 78 (9.7) 15 (9.6) 9 (10.8) 17 (10.2)
Complications 0.29 0.33
within 90
postoperative
days [no. (%)]
Clavien>III 32 (13.8) 11 (13.1) 89 (11.1) 17 (10.9) 11 (13.2) 20 (12.1)

BMI body mass index, CCI Charlson comorbidity index, RC radical cystectomy, NAC neoadjuvant chemotherapy, eGFR estimated GFR, ASA
American Society of Anaesthesiologist, ECOG PS Eastern Cooperative Oncology Group performance status

P value according to the Kruskal-Wallis test or the Chi square test, as indicated

1.52; 95% CI=1.02-2.45; p=0.03) were both associated CI=2.00-4.27; p<0.001) and pN +status (HR 2.22; 95%
with an increased risk of recurrence. Older age (HR 1.03; CI=1.45-3.29; p<0.001) were also significantly associated
95% CI=1.01-1.05; p=0.004), pT stage >3 (HR 2.96; 95% with an increased risk of recurrence, after accounting for
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Table 2 Baseline descriptive characteristics of patients treated with NAC and RC (no.=315)
Optimal NAC Suboptimal NAC p value  Full course NAC Incomplete NAC p value
(no.=231) (no.=84) (no.=267) (no.=48)
Age at RC (years) 0.03 0.55
Median (IQR) 65.0 (58-72) 67.0 (60-74) 65.0 (58-72) 68.0 (60-74)
Range 32-82 46-84 32-82 46-84
BMI (kg/m?) 0.55 0.52
Median (IQR) 28.5 (25.5-31.4) 28.7 (24.8-31.7) 28.6 (25.2-31.4) 28.7 (24.8-31.7)
Range 15.1-46.9 17.8-47.9 15.2-46.9 17.9-47.7
Gender [no. (%)] 0.64 0.52
Male 195 (84.4) 69 (82.1) 225 (84.3) 42 (87.5)
Female 36 (15.6) 15 (17.9) 42 (15.7) 6 (12.5)
eGFR (mL/min) < 0.001 0.003
Median (IQR) 73.0 (60.7-84.1) 60.4 (44.0-80.4) 72.3 (60.1-84.1) 60.7 (44.5-80.4)
Range 10.4-201.0 9.3-155.6 10.4-201.1 13.4-155.5
ASA score 0.07 0.63
Median (IQR) 3.0 (2.0-3.0) 3.0(2.0-3.0) 3.0(2.0-3.0) 3.0(2.0-3.0)
Range 1.0-4.0 1.04.0 1.04.0 1.04.0
CCI>1 [no. (%)] 108 (46.8) 57 (67.8) <0.001 124 (46.4) 31 (64.6) 0.01
ECOG PS [no. (%)] < 0.01 0.46
0 193 (83.5) 65 (77.3) 210 (78.7) 37 (77.1)
>1 38 (16.5) 19 (22.7) 57 (21.3) 11 (22.9)
Time from diagno- 0.98 0.44
sis to NAC (days)
Median (IQR) 34.0 (20-51) 34.0 (21-43) 33.0 (20-50) 33.5(21-43)
Range 5.0-99 5.0-124.0 4.0-100.0 3.0-120.0

BMI body mass index, CCI Charlson comorbidity index, RC radical cystectomy, NAC neoadjuvant chemotherapy, eGFR estimated GFR, ASA

American Society of Anaesthesiologist, ECOG PS Eastern Cooperative Oncology Group performance status

P value according to the Kruskal-Wallis test or the Chi square test, as indicated

Table 3 Univariable (UVA)

and multivariable (MVA)
logistic regression model

predicting suboptimal NAC and
incomplete NAC (OR; p value

[95% CI])

Suboptimal NAC (no.=84)

Incomplete NAC (no.=48)

UVA MVA UVA MVA
Age 1.02; 0.02 1.02; 0.58 1.02; 0.38
[1.01-1.07] [0.95-1.26] [0.97-1.06]
Male gender 0.85; 0.62 1.36; 0.51
[0.45-1.63] [0.56-3.39]
BMI 1.02; 0.21 0.97; 0.48
[0.97-1.09] [0.92-1.04]
CCI>1 2.29; 0.003 1.98; 0.02 2.11;0.021 2.01; 0.03
[1.30-3.96] [1.11-3.56] [1.12-3.98] [1.06-3.83]
ASA score 1.42; 0.06 1.21; 0.50
[0.98-2.68] [0.70-2.07]
ECOGPS>1vs.0 2.33;0.003 2.17;0.019 0.73; 0.51
[1.31-4.14] [1.13-4.16] [0.33-1.71]
eGFR 0.96;<0.001 0.97; 0.001 0.97; 0.003 0.97; 0.004
[0.96-0.98] [0.96-0.99] [0.96-0.99] [0.96-0.99]
Clinical T3/4 vs. T2 1.12; 0.56 1.26; 0.67
[0.58-1.67] [0.71-1.97]
Time from diagnosis 0.92; 0.93 1.02; 0.58
to NAC (days) [0.99-1.02] [0.99-1.01]

BMI body mass index, CCI Charlson Comorbidity Index, NAC neoadjuvant chemotherapy, eGFR estimated
GFR, ASA American Society of Anaesthesiologist, ECOG PS Eastern Cooperative Oncology Group per-
formance status
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Table 4 Pathologic outcomes

. ) Optimal NAC Suboptimal NAC ~ No NAC p value
after propensity score matching
(no.=405) Pathological stage [no. (%)] < 0.001
pTO 48 (30.8) 13 (15.6) 12 (7.2)
pTis—pT1 34 (21.8) 12 (14.4) 29 (17.4)
pT2 25 (16.0) 14 (16.8) 36 (21.7)
> pT3 49 (31.4) 44 (53.1) 89 (53.6)
Number of lymph nodes removed 0.11
Median (IQR) 24.0 (15.0-34.0)  23.0(12.0-30.0)  22.0 (9.0-27.0)
Range 2.0-72.0 2.0-53.0 2.0-56.0
Number of positive nodes 0.04
Median (IQR) 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0)
Mean (SD) 0.7 (1.5) 2.0 (4.5) 0.9 (1.1)
Range 0.0-9.0 0.0-21.0 0.0-18.0
Pathological nodal status [No. (%)] 0.03
pNO 121 (77.6) 52 (62.6) 118 (71.1)
> pNI1 35(22.4) 31 (37.4) 48 (28.9)
Pathological stage [no. (%)] 0.02
Organ confined 96 (61.5) 36 (43.4) 68 (40.9)
Extravesical 60 (38.5) 47 (56.6) 98 (59.1)
LVI [no. (%)] 26 (16.6) 19 (22.8) 37 (22.3) 0.17
CIS at RC [no. (%)] 50 (32.1) 24 (28.9) 67 (40.3) 0.13
Positive surgical margins [no. (%)] 11(7.1) 13 (15.6) 19 (11.4) 0.11
Adjuvant chemotherapy [no. (%)] 12 (7.7) 8 (9.6) 35 (21.1) < 0.001
Response to NAC [no. (%)] 0.035
Complete (pTO0, NO) 43 (27.5) 13 (15.6)
Partial (pTis/pTa/pT1, pNO) 27 (17.3) 10 (12.0)
No response (pT2—4 or pN+) 86 (55.1) 60 (72.3)
RC radical cystectomy, NAC neoadjuvant chemotherapy, organ confined=pNO and <T2 disease; extravesi-
cal=T3, T4 or any T with N+; LVI lymphovascular invasion; CIS carcinoma in situ
*p value according to the Kruskal-Wallis test or the Chi square test, as indicated
o Opimal ac
T\ Suboptimal NAC 1.0 W  Optimal NAC
+ No NAC T Suboptimal NAC
4 . gfl:::;::::;i:md X No NAC
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Fig. 1 Kaplan—-Meier plots depicting disease recurrence-free rates
after propensity score matching in 405 muscle-invasive bladder can-
cer patients stratified by optimal vs suboptimal vs no neoadjuvant
chemotherapy (NAC) groups
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Fig.2 Kaplan-Meier plots depicting overall mortality (OM)-free
rates after propensity score matching in 405 muscle-invasive bladder
cancer patients stratified by optimal vs suboptimal vs no neoadjuvant
chemotherapy (NAC) groups
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Fig.3 Kaplan—-Meier plots depicting cancer-specific mortality
(CSM)-free rates after propensity score matching in 405 muscle-inva-
sive bladder cancer patients stratified by optimal vs suboptimal vs no
neoadjuvant chemotherapy (NAC) groups

LVI and adjuvant chemotherapy administration. Similarly,
age (HR 1.05;95% CI=1.02-1.15; p<0.001), CCI>1 (HR
1.47;95% CI=1.02-2.12; p=0.038), suboptimal NAC (HR
1.71; 95% CI=1.08-2.69; p=0.02) or no NAC (HR 1.61;
95% CI1=1.06-3.01; p=0.02), pT stage >3 (HR 3.3; 95%
CI=2.23-4.91; p<0.001) and pN + status (HR 2.01; 95%
CI=1.21-2.98; p=0.001) were significantly associated with
an increased risk of OM. Similar findings were found for
CSM. As compared to optimal NAC, being in the suboptimal
NAC (HR 1.75; 95% CI=1.08-2.85; p=0.02) or no NAC
(HR 1.6; 95% CI=1.02-2.56; p=0.04) was significantly
associated with an increased risk of CSM as compared to
the optimal NAC group.

Discussion

We sought to assess the prevalence of and factors associ-
ated with patient receiving suboptimal NAC prior to RC in
a well-characterized cohort of patients with MIBC, and the
association between different NAC regimens (optimal vs.
suboptimal vs. no NAC) and disease recurrence and survival
outcomes in the same cohort. We found that one out of four
MIBC patients received a suboptimal NAC regimen before
RC. Lower general health status (as depicted by the CCI
and ECOG PS scores) and impaired renal functions were
the most significant factors associated with the administra-
tion of a suboptimal NAC. Overall and cancer-specific sur-
vival were significantly lower in the suboptimal and no NAC
group, as compared to the optimal NAC group. Likewise,
patients who received suboptimal NAC or no NAC were at
increased risk of disease recurrence.

Our interest was motivated by the substantial lack of
research addressing the impact of suboptimal NAC on sur-
vival outcomes in patients with MIBC treated with NAC
and RC. Indeed, current National Comprehensive Cancer
Network (NCCN) guidelines suggest >3 cycles of cispl-
atin-based NAC for survival benefit [1, 18], however, some
patient cannot tolerate a full dose of cisplatin-based NAC,
due to treatment-related complications, or may require alter-
native regimens for poor baseline characteristics [8]. Since
non-cisplatin-based NAC and incomplete NAC have been
associated with lower rates of complete pathologic response
[8-10] and the degree of downstaging after NAC has shown
important survival implications [19-22], the identification
of factors associated with patient’s ability to tolerate and
complete a full dose of cisplatin-based NAC is of major
clinical importance.

The 25.5% rate of suboptimal NAC regimen in our
cohort is comparable to that reported in previous studies
at 17.5-50% [8-10]. Previous authors have investigated
clinical predictors of patients receiving an incomplete NAC
regimen. Hensley et al. [8] analyzed factors associated with
NAC tolerability in 89 MIBC patients who received NAC
prior to RC and showed that increased age, the presence of
coronary artery diseases and ECOG performance status were
independent predictors of incomplete NAC. We investigated
potential clinical predictors of patients receiving a subopti-
mal or incomplete NAC regimen in our cohort. Our results
revealed that higher CCI, worse ECOG performance status
and lower eGFR values were significantly associated with
higher risk of receiving a suboptimal NAC. Taken together,
patient’s functional status, kidney function and comorbidi-
ties should be considered when selecting candidates for
NAC and RC.

The quantity and type of regimen were also found
associated with pathological response to NAC and sur-
vival outcomes. Alternative regimens (gemcitabine/car-
boplatin or taxol-based NAC) have been associated with
fivefold increase in pathologic progression during NAC
as compared with standard GC or MVAC [8]. No differ-
ence in response rates to NAC was found between GC and
MVAC in a large, multicenter cohort study [23]. Gandhi
et al. [9], in a cohort of 150 MIBC patients, showed that
approximately 83% of patients were able to tolerate a suf-
ficient dosing of NAC therapy (as calculated according to
the Johns Hopkins Hospital Dose Index). They reported
higher pathologic response rates in patients tolerating suf-
ficient dosing of NAC as compared to those who could not
tolerate three cycles of chemotherapy. Similarly, Hinata
et al. [10] found that patients who received a suboptimal
NAC, or did not receive any NAC, had a worse pT stage
and a higher rate of pN +at RC than those who had opti-
mal NAC. Authors also showed a higher rate of complete
pathological response in patients who received > 3 cycles
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Table 5 Cox regression model of recurrence and overall mortality stratified by clinic-pathological characteristics (HR; p value [95% CI]) in the

whole cohort after propensity score matching

Disease recurrence

Overall mortality

Cancer-specific mortality

UVA MVA UVA MVA UVA MVA
Age 1.02; 0.01 1.03; 0.004 1.06;<0.001 1.05;<0.001 1.03; 0.02 1.04;<0.001
[1.01-1.03] [1.01-1.05] [1.02-1.08] [1.02-1.15] [1.03-1.08] [1.01-1.08]
Male gender 0.97; 0.98 1.11; 0.57 1.13; 0.54
[0.63-1.51] [0.76-1.61] [0.77-1.59]
BMI 1.02; 0.76 1.03; 0.88 1.01; 0.72
[0.96-1.03] [0.94-1.08] [0.98-1.07]
CCI>1 1.22;0.25 1.66;<0.001 1.47;0.038 1.42;0.03 1.31;0.13
[0.85-1.75] [1.20-2.34] [1.02-2.12] [1.02-1.98] [0.91-2.11]
ASA score 1.22;0.73 1.10; 0.48 1.09; 0.54
[0.94-2.56] [0.43-2.37] [0.65-1.56]
eGFR 0.96; 0.65 0.87; 0.87 0.89; 0.95
[0.76-1.98] [0.55-2.11] [0.68-1.87]
Clinical T3/4 vs. T2 1.32;0.13 1.23; 0.09 1.13;0.11
[0.88-2.12] [0.71-1.87] [0.78-2.01]
NAC status
Optimal Ref Ref Ref Ref Ref Ref
Suboptimal 1.93; 0.003 1.77; 0.015 2.21;<0.001 1.71; 0.02 1.94;<0.001 1.75; 0.02
[1.21-2.99] [1.12-3.01] [1.49-3.23] [1.08-2.69] [1.31-2.89] [1.08-2.85]
No NAC 1.37;0.03 1.52;0.03 1.48; 0.01 1.61; 0.02 1.15; 0.03 1.60; 0.04
[1.13-2.77] [1.02-2.45] [1.04-1.99] [1.06-3.01] [1.05-1.87] [1.02-2.56]
Pathological stage 3.57;0.001 2.96;<0.001 3.44;<0.001 3.30;,<0.001 4.52;<0.001 4.11;<0.001
>pT3 vs.<pT3 [2.56-5.12] [2.00-4.27] [2.60-4.55] [2.23-4.91] [3.25-6.31] [2.53-6.56]
LVI 1.93;<0.001 1.03; 0.67 2.21;<0.001 1.14; 0.53 2.31;<0.001 2.21;<0.001
Yes vs. no [1.34-2.76] [0.90-1.08] [1.60-2.91] [0.71-1.67] [1.64-3.13] [1.48-3.43]
pN+vs. pNO 2.77;<0.001 2.22;<0.001 2.91;<0.001 2.01; 0.001 3.50;0.01 1.08; 0.08
[1.87-3.78] [1.45-3.29] [2.24-3.86] [1.21-2.98] [2.58-4.77] [0.72—-1.66]
CIS at RC 1.02; 0.85 1.03; 0.38 1.01; 0.32
[0.74-1.45] [0.92-1.16] [0.90-1.11]
Positive surgical margins 1.61; 0.08 1.81; 0.008 1.61; 0.06 2.05; 0.002 1.60; 0.07
[0.99-2.72] [1.18-2.94] [0.98-2.73] [1.31-3.24] [0.96-2.67]
ADIJ chemotherapy 1.61; 0.01 0.95;0.82 1.17;0.48 1.30; 0.18
None vs. received [1.10-2.38] [0.62-1.45] [0.81-1.69] [0.91-1.89]

UVA univariable analyses, MVA multivariable analyses, BMI body mass index, CCI Charlson Comorbidity Index, RC radical cystectomy, eGFR
estimated GFR, ASA American Society of Anaesthesiologist, CIS Carcinoma in situ; LVI lymphovascular invasion, ADJ adjuvant chemotherapy

of cisplatin-based NAC, as compared to those who had a
suboptimal NAC. Of clinical importance, patients in the
optimal NAC group had significantly better OS and RFS,
when compared to those in the suboptimal or no NAC
group.

Our results corroborate these findings, since we found
that patients in the suboptimal NAC group had higher pT
stage and higher rate of node positive disease after RC than
those in the optimal group. Our overall rate of complete
response to NAC (22.4%) was similar to that reported in
previous reports [23]; moreover, the optimal NAC group
showed higher rate of complete pathological response to
chemotherapy as compared to the suboptimal NAC. This is
of particular importance, since pTa/Tis/TINO and pTONO
stage on the final cystectomy specimen after NAC, as
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compared to pT2 pathology, were found to be strong pre-
dictors of survival [24]. No differences in survival outcomes
were found between pTO vs. pT1 disease [24].

We found that patients who received suboptimal or no NAC
were at least as twice as likely to exhibit disease recurrence
and overall or cancer-specific survival when compared with
those who received an optimal regimen. Similar to previous
reports [10], no significant improvement in terms of patho-
logical outcomes or RFS was found for patients who received
suboptimal NAC vs. those who did not receive any NAC. The
no NAC group had slightly better CSS and OS than the sub-
optimal NAC group. Patients’ selection and the greater use
of adjuvant chemotherapy in those who underwent upfront
cystectomy might be potential reasons for this survival dif-
ference. We showed that patients who received an optimal
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NAC regimen had better CSS compared to those who had a
suboptimal NAC, irrespective of the clinical T stage. We also
confirmed [2] that NAC (vs. no NAC) lead to a greater sur-
vival advantage in patients with clinical T3—4 MIBC and not
in those with T2 disease.

Overall, these results suggest that NAC is associated with
a survival benefit in patients who can tolerate at least three
cycles of cisplatin-based chemotherapy. Therefore, it is impor-
tant to improve patient’s selection for NAC, with careful con-
sideration in assessing their ability to tolerate a full dose of the
optimal NAC regimen.

The strength of our study is the originality of the results
addressing the association between suboptimal NAC and path-
ologic and oncologic outcomes in a relatively large cohort of
MIBC patients treated with RC. The second important strength
is the rigorous methodology based on propensity score match-
ing analysis that significantly reduces the selection bias of a
retrospective study. Additionally, the relatively long follow-
up in our cohort, as compared to those reported in previous
reports [9, 10] strengthen the validity of our results.

Our study is not devoid of limitations. First, the retro-
spective study design and the small number of patients in
the suboptimal group may limit the conclusions that can be
drawn. Second, although PSM was performed to address
the limitations of a retrospective analysis, there may have
been some unobserved differences or embedded systematic
biases amongst the groups we were unable to account for
and unmeasured confounders may play a role in explaining
the differences. Third, we were unable to precisely assess
rates of NAC toxicity, which could have been an impor-
tant determinant of a suboptimal regimen. Of note, only 20
patients in our study received dose-dense MVAC, which was
found to have similar efficacy but lower rates of toxicity
than standard MVAC and GC [25, 26]. Fourth, the use of
different chemotherapeutic regimens may have generated
different rates of response. However, our results are prob-
ably reflective of a “‘real world’’ practice yet were primarily
cisplatin based. Finally, our relatively strict inclusion criteria
(e.g., urothelial-only disease, negative history of upper tract
urothelial carcinoma) may have led to selection bias and a
potential difference in outcomes. Since NAC has been found
to have different response rates in BC patients with histologi-
cal variants [27], further studies, with a larger cohort of men
with non-urothelial disease, are needed to investigate the
impact of smoking and NAC on pathological and survival
outcomes in this group.

Conclusions
The results of this study revealed that one out of four MIBC

patients received a suboptimal NAC regimen before RC,
in the real-life setting. Lower general health status and

impaired renal functions were the most significant factors
associated with the administration of a suboptimal dosing.
Receiving a suboptimal NAC regimen was associated with
worse disease recurrence and survival outcomes following
surgery, as compared to an optimal NAC regimen.

Further efforts are needed to identify predictive factors of
NAC tolerability and response in patients with MIBC to fur-
ther optimize treatment selection on a patient-specific basis.
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