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Background: Smoking status has been confirmed as an independent prognostic factor for bladder cancer.
However, for patients who received neoadjuvant chemotherapy (NAC), the influence of smoking status on
the pathological response and prognosis remains unclear. This pooled analysis aimed to investigate whether
smoking status is an independent risk factor for pathological response, recurrence, and prognosis in patients
with bladder cancer who undergo NAC.

Methods: We searched PubMed, Web of Science, Embase, Cochrane Library, and Google Scholar for
related studies published between 1990 and 2017. In total, 10 studies comprising 1,382 patients with muscle-
invasive bladder cancer were included. The odds ratio (OR) and 95% confidence interval (CI) of complete
pathological response, partial pathological response, overall survive (OS), recurrence, and cancer-specific
mortality (CSM) were chosen as outcome measures. Analyses were performed using Review Manager (version
5.3, The Cochrane Collaboration, UK) and Stata statistical software (version 15, Stata Corp., USA).
Results: Compared to nonsmokers, smokers were less likely to have a complete pathologic response (OR
=0.55, 95% CI: 0.35-0.87) and partial pathological response (OR =0.57, 95% CI: 0.37-0.88). However, we
found no significant association between smoking status and overall survival (OR =0.71, 95% CI: 0.28-1.80),
recurrence (OR =1.35, 95% CI: 0.97-1.88), and cancer-specific mortality (OR =0.90, 95% CI: 0.62-1.32).
Conclusions: Smoking reduces both complete and partial pathological response rate to NAC in patients
with bladder cancer. Thus, smoking status should be given more importance when developing treatment

plans and evaluating efficacy, particularly of NAC, among bladder cancer patients.
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Introduction the malignancy, respectively (1). Bladder cancer causes more
than 3 billion disability-adjusted life years (1). Neoadjuvant
chemotherapy (NAC) before radical cystectomy (RC) has
to global development. In 2017, 474,000 and 197,000 been established as a better treatment modality based on
individuals newly developed bladder cancer and died from level 1 evidence (2). Patients after NAC have improved

Bladder cancer is now widely recognized as a threat
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better survival rates than patients who did not undergo
NAC (3). Pathological downstaging for patients who
undergo NAC can be a surrogate factor for the outcome
of the patients and chemosensitivity (4). Despite the
adverse health effect of cigarette smoking, particularly
its carcinogenic effects, the World Health Organization
reported that there are still 1.1 billion individuals who
smoke. Smoking is the most common risk factor for bladder
cancer (BC), accounting for more than 50% of BC cases
(5,6). Tobacco smoke carcinogens play a critical role in
bladder cancer development (5); accordingly, smoking
cessation can improve the outcomes of patients with
bladder cancer (7,8). However, there have been few studies
about the influence of cigarette smoking on the efficacy
of NAC, and the results are conflicting. Some studies
showed that cigarette smoking was significantly associated
with adverse pathological response in patients treated with
NAC followed by RC (9). Further, compared with former
smoking and never smoking status, current smoking was the
strongest risk factor for disease recurrence (9). In contrast,
some researchers argued that smoking status and complete
pathologic response were not significantly associated
from a statistical point of view (10). Thus, given these
conflicting findings, it remains unclear whether smoking
status influences the pathological response and oncological
outcomes in bladder cancer patients treated with NAC
followed by RC. This pooled analysis aimed to investigate
whether smoking status is an independent risk factor
for pathological response, recurrence, and prognosis in
bladder cancer patients who undergo NAC. We present the
following article in accordance with the PRISMA reporting
checklist (available at http://dx.doi.org/10.21037/tau-20-
1086).

Methods
Study design and search strategy

This study was conducted in accordance with the PRISMA
guideline, and the study protocol of this pooled review was
registered in the PROSPERO (International Prospective
Register of Systematic Reviews). We searched PubMed,
Web of Science, Embase, Cochrane Library, and Google
Scholar for related articles published until November 2019
using the MeSH) keywords “Neoplasm, Urinary Bladder,”
“Neoadjuvant Therapies”, and “Smoking Behaviors.”
The study selection flowchart is shown in Figure 1. The
references of the identified studies were also reviewed
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manually to further identify any related studies.

Selection criteria

We selected articles based on the following four criteria
(PICOS principle). First, the study population should
include bladder cancer patients treated with neoadjuvant
therapy followed by RC. Second, for intervention and
comparison, information about smoking status should be
included. Third, for outcomes, the pathological response
or oncological outcomes including overall survival (OS),
recurrence, or cancer-specific mortality (CSM) should be
reported. Fourth, the study should be a cohort or case-
control study. In total, 2001 articles were initially reviewed
after removing duplicates. Eventually, 10 articles that met
the inclusion criteria were included in the study; of these, 9
articles were retrospective studies and 1 was a phase II trial.

Data extraction and quality assessment

Two authors (HD and DQ) independently collected the
data. These included title, first author, year of publication,
number of patients, smoking status, chemotherapy
regimens, number of patients with different smoking
status and pathological outcomes, odds ratio (OR) of OS,
recurrence, and cancer-specific mortality. Two authors
(JH and DQ) separately assessed the quality of the
studies following the Newcastle-Ottawa scale (NOS) (11)
(Table S1). The study quality was assessed according to three
parameters: cohort selection, cohort comparability, and
outcome assessment. Higher scores reflect higher quality.

Statistical analysis

ORs were pooled to create a forest plot comparing
pathological response, OS, recurrence, and CSM for
different smoking status in muscle-invasive bladder cancer
(MIBC) patients. The I° test was used to estimate study
variance. If the I’<50%, a fixed effect model was used;
otherwise, a random effect model was used. Publication
bias was evaluated using Egger’s test, Begg’s test, and funnel
plots. Subgroup analyses according to smoking status
(current smoking, former smoking, and never smoking)
were also performed. All analyses were conducted using
Review Manager version 5.3 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen) and
Stata statistical software (version 15).
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Figure 1 Study selection flowchart.

Results
Search results and patient characteristics

In total, 1,382 patients from 10 studies were included in this
pooled analysis (9,10,12-19). With respect to the follow-
up time, most of the patients reached their end point.
The majority of the patients included in our analysis were
male (89%) from North America. All the patients were
pathologically diagnosed with MIBC from T2NOMO to
T4NOMO. We make separate analysis because not all studies
contain the data of both complete response and partial
response. The characteristics of the included articles are
shown in Table 1. All the results are shown in Table 2.

Smoking status as predictor of pathological response to NAC

The pathological response including complete response
(pT0) and partial response (anything less than pT2) for
smokers and nonsmokers are shown as forest plots in
Figure 2. Because there was low heterogeneity (I’<50%)
in complete and partial pathological response analyses,
fixed-effect models were used in both analyses. The
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results showed a strong connection between smoking
status and pathological response, both in complete and
partial response. Smokers had a two-fold higher risk of not
achieving pathological response. Four of six studies showed
that any smoking status (current or former) negatively
influenced patient outcomes. The pooled OR was 0.55 (95%
CI: 0.35-0.87, P=0.008) for smokers versus nonsmokers
(Figure 2A4). With respect to partial response, three of four
studies indicated an undesirable outcome for patients who
were smokers. The pooled OR from the four studies was
0.57 (95% CI: 0.37-0.88) for the comparison between
smokers and nonsmokers (Figure 2B). Three studies
stratified the smoking status into three types as current,
former, and nonsmokers. Subgroup analysis of former
smokers compared to nonsmokers showed that former
smoking status had negative effects on complete response
(OR =0.53, 95% CI: 0.28-0.98). Meanwhile, subgroup
analysis of current smokers versus nonsmokers showed that
although current smoking status did not have a statistically
significant impact on disease prognosis (OR =0.53, 95% CI:
0.28-1.02), smoking tended to have a negative influence
on outcomes (Figure 2C). The same tendency was found
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for partial response. Compared with nonsmokers, current
smokers were less likely to achieve partial response (OR
=0.38, 95% CI: 0.21-0.69), and the outcome was similar
when former smokers were compared to nonsmokers,
although the difference was not significant (OR =0.59, 95%
CI: 0.35-1.01) (Figure 2D).

Overall survival and smoking status

The heterogeneity (I' <50%) was low in OS analyses.
Hence, a fixed-effect model was used. The results showed
that smoking status was not correlated to the OS of bladder
cancer patients who undergo NAC (OR =0.71, 95% CI:
0.28-1.80, Figure 34). In addition, another two studies
that compared between current smokers and nonsmokers
showed that there is no evidence of association between
smoking status and OS (OR =1.10, 95% CI: 0.77-1.55).
Similarly, there was also no statistical evidence of
former smoking having an influence on OS compared to
nonsmoking (OR =0.87, 95% CI: 0.64-1.18) (Figure 3B).

Influence of smoking status on recurrence and CSM

Two studies investigated the association between smoking
status and recurrence or CSM. No obvious heterogeneity
(I’ <50%) was observed in recurrence and CSM analyses.
Thus, we selected fixed-effect models to analyze the data.
With regard to recurrence, two studies reported a pooled
OR of 1.41 (95% CI: 0.86-2.33) for current smokers
and a pooled OR of 1.30 (95% CI: 0.83-2.02) for former
smokers (Figure 44). The impact of smoking was mitigated.
For CSM, it was not influenced by smoking status among
current smokers compared to nonsmokers (OR =1.12,
95% CI: 0.64-1.96). Similar results were obtained in the
comparison between former smokers and nonsmokers (OR

=0.75,95% CI: 0.45-1.26) (Figure 4B).

Publication bias

Publication bias was calculated using Begg’s test and
Egger’s test for complete pathological response and
partial pathological response for smokers and nonsmokers
in more than four studies. We found a possible bias
for complete pathological response [Begg, P=0.024
(Figure S1A); Egger, P=0.007 (Figure S1B)]. Meanwhile,
for partial pathological response, both tests [Begg, P=0.806
(Figure S1C); Egger, P=0.298 (Figure S1D)] showed that
there was no publication bias. For further analysis about
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Table 2 Analysis of the influence of smoking on the oncologic outcomes of bladder cancer

No. of No. of patients (events*) )
Outcomes . Pooled OR (95% ClI) P I (%)

studies Smokers Nonsmokers
pTO 6 538 (119) 137 (42) 0.53 (0.33-0.85) 0.008 0
pT2 4 486 (189) 122 (60) 0.57 (0.37-0.88) 0.01 10
(O] 2 85 (NA) 29 (NA) 0.71 (0.28-1.80) 0.47 4
Re 2 247 (NA) 93 (NA) 1.35 (0.97-1.88) 0.08 0
CSM 2 247 (NA) 93 (NA) 0.90 (0.62-1.32) 0.59 0

NA: we cannot extract directly or estimate indirectly the number of events from the original article; events*: the pathological response
or oncologic outcomes such as overall survival, recurrence and cancer specific mortality. pTO, pathological complete response; pT2,
pathological partial response; OS, overall survival; Re, recurrence; CSM, cancer-specific mortality.

A

B

Smoker Nonsmoker Odds Ratio Odds Ratio Smoker Nonsmoker Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Boeri L2019 33 143 25 58 58.2% 0.40[0.21, 0.76] — Boeri L2019 53 143 35 58 60.2% 0.39[0.21, 0.72] ——
Hensley PJ2018 15 69 8 20 20.7% 0.42[0.14, 1.20] b Hensley PI12018 44 69 14 22 14.8% 1.01[0.37, 2.73] _t
Kim PH2014 7 104 3 35 8.9% 0.77[0.19, 3.15] — Kim PH2014 18 104 7 35  16.6% 0.84[0.32,2.21] .
Lyon TD2019 49 170 1 7 2.9% 2.43[0.29,20.71] — Lyon TD2019 74 170 4 7 8.3% 0.58 [0.13, 2.66] —_—1
Pokuri VK2016 12 43 2 7 5.3% 0.97 [0.16, 5.68] S (a—
Seah JA2015 2 9 ¥ 10 4.0% 1.17[0.17, 8.09] b a— Total (95% CI) 486 122 100.0% 0.57 [0.37, 0.88] -

Total events 189 60
Total (95% Cl) 538 137 100.0%  0.55[0.35, 0.87] < Heterogeneity: Chi® = 3.32, df = 3 (P = 0.35); I = 10% oz o1 5 P
Total events 119 42 Test for overall effect: 2 = 2.51 (P = 0.01) ) )
Smoker Nonsmoker

Heterogeneity: Chi? = 4.29, df = 5 (P = 0.51); I = 0% oloos o1 % 240
Test for overall effect: Z = 2.54 (P = 0.01) . " Smoker Nonsmoker

Smoker Nonsmoker Odds Ratio 0Odds Ratio Smoker Nonsmoker Odds Ratio 0Odds Ratio
Study or Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI Study or Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Current smoker VS Never smoker 1.4.1 Current smoker VS Never smoker
Boeri L2019 10 56 25 58 39.2% 0.29[0.12, 0.68] — Boeri L2019 15 56 35 58 35.7% 0.24(0.11, 0.53] —
Kim PH2014 4 41 3 35 5.7% 1.15[0.24, 5.54] — Kim PH2014 7 41 7 35 8.9% 0.82 [0.26, 2.63] I —
Lyon TD2019 42 128 1 z 2.5% 2.93[0.34, 25.13] Lyon TD2019 55 128 4 7 6.1% 0.57[0.12, 2.63] —_—r
Subtotal (95% CI) 225 100 47.4% 0.53 [0.28, 1.02] R 4 Subtotal (95% CI) 225 100 50.7%  0.38 [0.21, 0.69] -
Total events. 56 29 Total events. 77 46
Heterogeneity: Chi* = 5.33, df = 2 (P = 0.07); I’ = 62% Heterogeneity: Chi* = 3.25, df = 2 (P = 0.20); I* = 38%
Test for overall effect: Z = 1.91 (P = 0.06) Test for overall effect: Z = 3.20 (P = 0.001)
1.2.2 Former smoker VS Never smoker 1.4.2 Former smoker VS Never smoker
Boeri L2019 23 87 25 58 42.9% 0.47 [0.23, 0.96] — Boeri L2019 38 87 35 58 33.5% 0.51 [0.26, 1.00] —
Kim PH2014 3 63 3 38 6.9% 0.58[0.11, 3.05] _ 1 Kim PH2014 11 63 7 35 10.5% 0.85 [0.30, 2.43] _—
Lyon TD2019 7 42 1 7 2.8% 1.20[0.12, 11.58] I Lyon TD2019 19 42 4 7 5.3% 0.62 [0.12, 3.12] —_—T
Subtotal (95% CI) 192 103 52.6% 0.53 [0.28, 0.98] - Subtotal (95% CI) 192 100  49.3% 0.59 [0.35, L.01] -
Total events 33 29 Total events 68 46
Heterogeneity: Chi? = 0.61, df = 2 (P = 0.74); I = 0% Heterogeneity: Chi? = 0.63, df = 2 (P = 0.73); I = 0%
Test for overall effect: Z = 2.04 (P = 0.04) Test for overall effect: Z = 1.92 (P = 0.05)
Total (95% CI) 417 203 100.0% 0.53 [0.34, 0.83] L 4 Total (95% CI) 417 200 100.0% 0.49 [0.33, 0.72] <
Total events 89 58 Total events 145 92
Heterogeneity: Chi? = 5.94, df = 5 (P = 0.31); I = 16% b1 THo ity: Chi? = 5.04, df = 5 (P = 0.41); I = 1% b7 o1 0 =

Test for overall effect: Z = 2.80 (P = 0.005)

Test for subgroup differences: Chi* = 0.00, df = 1 (P = 0.99), I = 0%

0.1 10
Smoker Nonsmoker

Test for overall effect: Z = 3.59 (P = 0.0003)

Test for subgroup differences: Chi* = 1.18, df = 1 (P = 0.28), I* = 15.3%

Smoker Nonsmoker

Figure 2 Pooled analysis of studies that examined the associations between smoking and pathological response. (A) Complete response

(smoker vs. nonsmoker). (B) Partial response (smoker vs. nonsmoker). (C) Complete response (current smoker vs. nonsmoker and former

smoker vs. nonsmoker). (D) Partial response (current smoker vs. nonsmoker and former smoker vs. nonsmoker).

the possible bias for complete pathological response, we

conducted a sensitivity analysis (Figure S2).

Discussion

Previous studies have reported that smoking behavior
potentially affects the pathological outcome of patients
with bladder cancer (5,6) and cause complications among

various cancers (20,21). Tobacco products are among the

© Translational Andrology and Urology. All rights reserved.

at least 70 known carcinogens worldwide (22). Nicotine,

the major component of cigarettes, affects the occurrence

and outcomes of numerous cancer types through different
pathways (23,24). Nicotine strongly activates Stat3, leading
to cyclin D1 overexpression, cell cycle perturbations,

and chemoresistance. Moreover, nicotine initiates Stat3
signaling, resulting in the loss of extracellular signal-
regulated protein kinase 1/2 (ERK 1/2) activation and
reduced chemosensitivity via nicotinic acetylcholine
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A
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Tervahartiala M2017 0.148 0.676 49.3% 1.16[0.31, 4.36]

Necchi A2017 -0.821 0.667 50.7% 0.44[0.12, 1.63]

Total (95% CI) 100.0% 0.71 [0.28, 1.80]

Heterogeneity: Chi? = 1.04, df = 1 (P = 0.31); I> = 4% t t T } }

Test for overall effect: Z=0.72 (P = 0.47) 0005 0.1Smoker1Nonsmot(e)r 200
B

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

1.6.1 Current VS Never

Chappidi MR2017 0.215 0.931 1.6% 1.241[0.20, 7.69]

Del Bene G2018 0.086 0.181 42.6% 1.09[0.76, 1.55]

Subtotal (95% CI) 44.2% 1.09 [0.77, 1.55]

Heterogeneity: Chi? = 0.02, df = 1 (P = 0.89); I> = 0%

Test for overall effect: Z = 0.51 (P = 0.61)

1.6.2 Former VS Never

Chappidi MR2017 0.307 0.601 3.9% 1.36[0.42, 4.41] e

Del Bene G2018 -0.174 0.164 51.9% 0.84[0.61, 1.16]

Subtotal (95% CI) 55.8% 0.87 [0.64, 1.18]

Heterogeneity: Chi? = 0.60, df = 1 (P = 0.44); I> = 0%

Test for overall effect: Z = 0.89 (P = 0.37)

Total (95% CI) 100.0% 0.96 [0.76, 1.21] *

. a2 Lo s 12 = 09, t } T t +
Heterogeneity: Chi = 1.56, df = 3 (P = 0.67); I* = 0% 0.02 o1 7 0 0

Test for overall effect: Z = 0.32 (P = 0.75)

Test for subgroup differences: Chi? = 0.95, df = 1 (P = 0.33), I*> = 0%

Smoker Nonsmoker

Figure 3 Pooled analysis of studies that examined the associations between smoking and overall survival (OS). (A) Smoker vs. nonsmoker (B)

Current smoker vs. nonsmoker and former smoker vs. nonsmoker.

A

Hazard Ratio Hazard Ratio

B

Hazard Ratio

Hazard Ratio
1V, Fixed, 95% CI

Study or Subgroup __log[Hazard Ratio] SE_Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI Study or Subgroup _log[Hazard Ratio] SE_Weight IV, Fixed, 95% CI
1.7.1 Current VS Never 1.8.1 Current VS Never

Boeri L2019 0.761 0.354 22.7% 2.14[1.07, 4.28] — Boeri L2019 0.139 0.373  27.0% 1.15[0.55, 2.39]
Kim PH2014 -0.094 0.365 21.4% 0.91[0.45, 1.86] e Kim PH2014 0.068 0.453 18.3% 1.07 [0.44, 2.60]
Subtotal (95% CI) 44.1% 1.41[0.86, 2.33] R Subtotal (95% CI) 45.3% 1.12 [0.64, 1.96]
Heterogeneity: Chi? = 2.83, df = 1 (P = 0.09); I = 65% Heterogeneity: Chi? = 0.01, df = 1 (P = 0.90); I = 0%

Test for overall effect: Z = 1.36 (P = 0.17) Test for overall effect: Z = 0.38 (P = 0.70)

1.7.2 Former VS Never 1.8.2 Former VS Never

Boeri L2019 0.307 0.319 28.0% 1.36[0.73, 2.54] b Boeri L2019 -0.401 0.338 32.8% 0.67[0.35, 1.30]
Kim PH2014 0.215 0.319 28.0% 1.24[0.66, 2.32] e Kim PH2014 -0.105 0.414 21.9% 0.90 [0.40, 2.03]
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Figure 4 Pooled analysis of studies that examined the associations of smoking with (A) recurrence and (B) cancer-specific mortality (CSM).
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receptors and b-adrenoceptors (23). In addition, known
carcinogenic compounds such as aromatic amines and
N-nitroso compounds can directly damaging double-
stranded, base modifications of DNA, thus potentially
influencing survival after neoadjuvant therapy (25).

There is sufficient evidence supporting that cigarette
smoking is associated with the development of various
cancers (26-29). All forms of tobacco smoking increase the
risk of cancer development, and the components of cigarette
influence the efficacy of chemotherapy drugs (23,30).
Smoking can also negatively affect oncological outcomes
among patients who undergo neoadjuvant therapy (21).
However, although the association between smoking status
and lung cancer has already been established (31), there has
been no systematic analysis on the impact of smoking on
the outcomes of bladder cancer patients who underwent
neoadjuvant therapy, partly because of insufficient data. Two
studies on the association between smoking status and NAC
in bladder cancer obtained contrasting findings (9,10). One
revealed that smoking behavior was significantly associated
with adverse pathological response, and smokers had a
higher risk of no response to NAC than never smokers (9).
In contrast, the other one did not find any significant
associations between smoking and pathologic response or
cancer-specific outcomes after NAC and RC (10).

In the current pooled analysis, we analyzed the OR
of complete pathological response (pT0) and partial
pathological response (anything less than pT2) for two
smoking status (smokers and nonsmokers) and three
smoking status (current smokers, former smokers, and
nonsmokers). The results supported that smoking status
influences complete pathological response and partial
pathological response in these patients. Compared to
nonsmokers, smokers had nearly two times higher risk of
poor outcomes. 1o the best of our knowledge, this is the
first pooled analysis to focus on the association between
smoking status and prognosis of bladder cancer patients
treated with NAC.

The patients who achieve complete response will
obviously achieve a better outcome than those without
complete response. Even partial response could still be
beneficial (4). Because treatment response to neoadjuvant
therapy is a crucial influencing factor of survival outcomes,
the association between smoking status and the prognosis
of patients who undergo neoadjuvant therapy indicates that
smoking behaviors probably lead to a worse pathological
response (9).

Our study investigated the association between OS
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and smoking status. Compared to studies on pathological
response, there are considerably fewer studies focusing on
the role of smoking in recurrence because its influence is yet
to be acknowledged. Further, results have been conflicting.
Whereas some studies on bladder cancer reported that
current smoking is an independent factor for recurrence (9),
some studies indicated no association between smoking
status and recurrence (10). Two studies included in this
pooled analysis reported no significant association between
smoking and recurrence, regardless of current or former
smoker status. More studies with a large sample size and
longer follow-up time are needed to clearly establish the
influence of smoking status on the risk of recurrence.
Further research will be helpful to better understand the
impact of smoking on bladder cancer pathogenesis.

Most cancers can be influenced by smoking status. One
study reported that the incidence, mortality, and prognosis
of bladder cancer are associated with smoking status (32).
However, there is no evidence indicating an association
between smoking status and bladder cancer treated with
neoadjuvant therapy to date. This is because most studies
lack a more detailed analysis of smoking behaviors (e.g.,
intensity and duration), as some researchers have already
reported that the impact of cigarette smoking is cumulative,
and cigarette exposure lasting more than 20 years can
significantly change the outcome. In the current pooled
analysis, despite the small number of studies, smoking
behaviors were found to be significantly associated with a
higher rate of mortality. This could be because of several
reasons. First, most of our included studies are from North
America, which could have led to a geographical bias,
because of the race (4,33). Second, cancer histology can
also influence survival outcomes in patients undergoing
neoadjuvant therapy. Those with pure urothelial carcinoma
have better survival than patients with mixed tumor type.
One study included in the current pooled analysis showed
that patients with pure urothelial bladder cancer have 10
times better survival outcomes than those with mixed type
bladder cancer (17,34). Body mass index also influenced the
outcome of our analysis. Obese patients showed a higher
risk of developing bladder cancer (35).

There are several limitations in our study. First, the
number of patients in some of the analyses was limited.
Second, most of the included studies evaluated obtain
smoking status using interviews, questionnaires, and patient
records; thus, the possibility of information bias could not
be eliminated. Despite these limitations, we believe that our
pooled analysis is valuable because to our best knowledge,
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this is the first study to report that smoking status can
influence the pathological response to NAC in bladder
patients and lead to a worse prognosis. Further well-
designed studies with large population size are warranted
to verify the association between smoking status and the
prognosis of bladder cancer patients who undergo NAC.

Conclusions

Smoking has a negative impact on the prognosis of
bladder cancer patients who underwent NAC, limiting its
efficacy with respect to pathological responses. Further,
although smoking was not significantly correlated with
OS, recurrence, and CSM, there was a tendency toward
an increased risk for worse outcomes among smokers.
Thus, smoking status should be given more importance
when developing treatment plans and evaluating efficacy,
particularly of NAC, among bladder cancer patients.
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