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Abstract

Background It is well established that smoking is the most significant risk factor for bladder cancer, yet the impact of
smoking on the recurrence and progression of non-muscle-invasive bladder cancer (NMIBC) remains a contentious issue.
Objective To review all relevant literature published to date, providing a comprehensive assessment of the effects of smoking
on the recurrence and progression of NMIBC, thereby offering a basis for smoking cessation management in NMIBC patients.
Methods A search was conducted for all relevant literature published up to April 2024 in PubMed, Web of Science, and
Embase databases. The existing literature results and deficiencies were analyzed, and the gaps in understanding between
different studies were highlighted, with recommendations for future research.

Results A total of 24 studies were included in this work. Among them, 14 studies suggested that smoking promotes the
recurrence and progression of NMIBC, while another 10 studies concluded that smoking has no effect on the recurrence
and progression of NMIBC patients.

Conclusions Our research indicates that smoking increases the risk of recurrence and progression in NMIBC patients, and
quitting smoking can improve health-related quality of life. High-quality, large-sample prospective cohort studies (or rand-
omized controlled studies) are still needed in the future.
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Introduction

With more than 6,10,000 new cases expected to be diag-
nosed in 2022—more than 3.1% of all cancer-related
fatalities globally—bladder cancer (BCa) is the ninth most
frequent malignancy, according to GLOBOCAN [1]. Non-
muscle-invasive bladder cancer (NMIBC) accounts for 75%
to 85% of bladder cancer cases [2]. Within 5 years, 10% to
15% of tumors advance to muscle-invasive bladder cancer
(MIBC), and recurrence rates for NMIBC patients range
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from 50 to 70% [3—5]. BCa is the most financially demand-
ing cancer due to its costly surgical care and ongoing moni-
toring [6].

As it increases the risk by two to four times, smoking is
now the most well-established risk factor for BCa [7]. It is
unknown, however, how smoking affects relapse and pro-
gression in NMIBC patients. According to recent research,
smoking has a detrimental effect on oncologic outcomes for
individuals who have non-smoking-related cancers such as
prostate cancer [8] as well as other smoking-related cancers,
including lung [9] and renal cell carcinoma [10]. A growing
amount of literature has examined the impact of smoking
on the recurrence and progression of NMIBC; however, the
findings have been mixed as research continues to be con-
ducted. We examined pertinent research up until April 2024,
discussed and evaluated the findings of previous studies, and
studied pertinent literature in order to completely evaluate
the effects of smoking and quitting on recurrence and pro-
gression in patients with NMIBC.
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There is conflicting evidence about the relationship
between smoking and patient outcomes. While some studies
have linked heavy, long-term smoking to lower relapse-free
survival [11-15] and invasiveness [11, 15-20]. In addition,
other research indicates that there is no connection between
smoking and patient outcomes [21-23]. These investigations
were constrained by retrospective cohort studies, unreliable
exposure evaluations, and small sample sizes. There are few
prospective cohort studies, which are also limited by the
small sample size and short follow-up time. Furthermore,
different studies observed different outcome measures and
defined relapse and progression differently. This makes it
challenging to compare the outcomes consistently. Gener-
ally speaking, the majority of research supports the idea that
smoking contributes to the development and recurrence of
NMIBC. Future research must be backed by high-quality,
large-sample randomized controlled trials due to the current
lack of strong evidence.

Next, we discussed the connection between smoking and
BCa based on the etiology of the disease, followed by the
description of our strategy for searching the literature, an
analysis of the literature’s findings and limitations based
on the type of study (retrospective cohort study, prospec-
tive cohort study, randomized controlled study (RCT), sys-
tematic review, and meta-analysis), and lastly an inductive
summary of the body of known research. Future research
recommendations are also suggested.

The epidemiology of bladder cancer
Incidence and mortality of bladder cancer

BCa is sixth in males and thirteenth in death among all
cancers worldwide, with women ranking tenth in terms
of cancer incidence. There were 2,20,000 bladder cancer
deaths and 6,14,000 new cases reported globally in 2022
[1]. The age-standardized incidence and mortality rates were
2.4/100,000 for women and 3.1/100,000 for men, respec-
tively [1]. Regional differences were seen in age-standard-
ized morbidity and mortality rates; mortality rates were
greater in developing regions than in developed regions, and
the highest incidence rates were found in southern Europe,
western Europe, and North America, in that order [1].

Etiology of bladder cancer

Smoking

Approximately half of BCa cases are related to smoking,
making it the most well-established risk factor for the

disease [24-26]. The risk of BCa is directly correlated
with time and can increase by two to three times with
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smoking [7]. Still, increasing the intensity of smoking did
not substantially raise the risk of BCa once it reached 15
cigarettes per day (or 50 packs annually). In addition, the
risk was much lower for smokers who had stopped more
than 20 years prior to the diagnosis, although it did not
go down immediately after stopping. However, the risk of
BCa remained elevated by 50% even for individuals who
stopped smoking more than 20 years earlier [26].

Chemical product exposure

A significant risk factor for BCa is prolonged exposure
to industrial chemicals such as chlorinated hydrocarbons,
polycyclic aromatic hydrocarbons, and aromatic hydro-
carbons [27]. Workplace exposure to chemicals, dyes,
rubber, pharmaceutical preparations, textiles, paint, and
pesticides is responsible for about 20% of BCa cases [28].
Paint workers are also at a heightened risk of developing
bladder cancer. Studies on the epidemiology of BCa have
shown that the incidence of the disease is lower in farmers,
gardeners, teachers, and other jobs, and greater in business
and administrative staff, male electricians, and electronics
workers [28, 29].

Race

BCa is also significantly influenced by race; non-Hispanic
Caucasians have the highest prevalence, around twice as
high as African Americans; however, racial disparities
were only observed in non-muscle-invasive tumors, which
had comparable rates [30]. Adverse pathology is more
common in African Americans, and their disease-specific
survival is lower [31, 32].

Other factors

Other potential risk factors include a history of pelvic radi-
ation therapy [33], use of the chemotherapy medication
cyclophosphamide [24], drinking water contaminated with
high amounts of arsenic or arsenic over an extended period
of time [34], and chronic infections (bacterial, schistoso-
miasis, and HPV infections) [24, 35]. Furthermore, a fam-
ily history of the condition doubles the risk of BCa [36],
which may possibly be linked to genetic factors. There
was no statistically significant correlation found between
drinking alcohol and developing BCa. Although the exact
relationship between a high fruit and vegetable diet and a
low risk of BCa is unknown [33, 37, 38], a high intake of
fat, cholesterol, fried meals, and red meat may raise the
risk of BCa [28].
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Genomic variation

DNA mutations in healthy bladder cells are the first step
toward malignant alterations. BCa is frequently caused by
chemical carcinogens, such as 2-naphthylamine, 4-amin-
obenzene, and others. Urine contains carcinogenic sub-
stances that cause malignant alterations in bladder epithelial
cells, and tobacco metabolites are discharged in it. HER-2,
HRAS, Bcl-2, FGFR3, C-myc, MSH2, APE1, GTSEI, and
other bladder-related oncogenes are among the oncogenes
that are currently the subject of the majority of research on
the genesis of BCa [39-45].

Materials and methods
Retrieval strategy

To obtain relevant literature, we searched PubMed, Web of
Science, and Embase databases for articles published up to
April 2024. The search terms are as follows: “((progression
OR progression-free survival OR muscle-invasive) AND
(non-muscle invasive bladder cancer OR NMIBC) AND
(Risk factors OR Smoking OR smoke OR cigarette OR
tobacco)) OR ((progression OR recurrence-free survival OR
muscle-invasive OR recurrence) AND (non-muscle invasive
bladder cancer OR NMIBC) AND (Smoking OR smoke OR
cigarette OR tobacco))” and “(recurrence OR progression
OR survival) AND (non-muscle invasive bladder cancer
OR NMIBC) AND (Smoking OR smoke OR cigarette OR
tobacco)”.

Research selection

Once redundant literature has been eliminated, the two
writers (VV and MDR) individually examine the entire
text to assess eligibility; if there is disagreement, the third
researcher (SC) is consulted before a consensus is resolved.
For additional pertinent references, we then searched
through all of the identified papers, reviews that had already
been published, and meta-analyses. Listed below are the
inclusion criteria: Works addressing how smoking affects
relapse and progression in NMIBC patients that provide
measures of statistical uncertainty (such as standard error,
variance, or exact P-values) or hazard ratios (HR) and 95%
confidence intervals (CI). Excluded from consideration was
any literature that disclosed smoking status alone, without
mentioning smoking intensity or duration, or that disclosed
smoking intensity or duration alone. The risk of tumor
development or recurrence is the main outcome. The first
time a bladder tumor returns is known as a disease recur-
rence. The upper urinary tract tumor is considered a second

primary tumor rather than a tumor recurrence [13]. Any
bladder tumor that reaches stage T2 or above is considered
to have progressed [13].

Smoking-related indicators and their concepts

The variables related to smoking included: smoking status;
average number of cigarettes smoked per day (CPD; that is,
amount: 1-9, 10-19, 20-29, > 30); length of smoking (<9.9,
10-19.9, 20-29.9, 30-39.9, > 40 years); and time to stop
smoking (£4.9, 5-9.9, > 10 years). The categories of smok-
ing status include smokers (> 100 cigarettes, non-negligible
lifetime number of cigarettes) and never smokers (< 100
cigarettes) [13]. Smokers can continue to be classified as
quitters (who stopped smoking 1 year before diagnosis),
former smokers (who quit between 1 year before diagnosis
and 3 months after diagnosis), and current smokers (who
continue to smoke after diagnosis). Former smokers and cur-
rent smokers are the most common categories of smokers.

At the time of diagnosis, smoking history was frequently
evaluated through self-report [13]. Cumulative smoking
exposure is the result of CPD after years of smoking. Smok-
ers were categorized into four categories of lifetime cumula-
tive smoking exposure based on the amount and duration of
their smoking: mild short-term (<20 CPD and < 20 years),
mild long-term (< 20 CPD and > 20 years), heavy short-term
(=20 CPD and < 20 years), and heavy long-term (>20 CPD
and > 20 years) [8, 13, 46].

Result
Retrospective cohort studies

Smoking promoted the recurrence and progression
of NMIBC (the difference was statistically significant)

In Rink et al.’s report, 91 non-smokers, 192 former smok-
ers, and 107 current smokers were enrolled, with a median
follow-up of 66 months [47]. Univariate analysis revealed
that among ever smokers, increasing smoking intensity
(»<£0.015), duration (p <0.001), and cumulative exposure
(p<0.001) were associated with an increased risk of ill-
ness recurrence and progression [47]. In multivariate analy-
sis, cumulative smoking exposure showed an independent
risk factor for progression and relapse (p <0.003). When
compared to present smoking, quitting smoking more than
ten years before treatment was independently linked to a
lower rate of relapse (HR 0.4, p <0.001). In addition, current
smokers had a lower survival rate than former smokers, and
former smokers had a lower survival rate than never smok-
ers (p>0.05). In a related study, there were 2043 primary
NMIBC patients with a median follow-up of 49 months (24%
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never smokers, 47% former smokers, and 29% current smok-
ers, respectively) [13]. In multivariate analysis, smoking sta-
tus was also linked to the cumulative incidence of illness
progression (p =0.003). In smokers who are currently or
were previously smokers, cumulative smoking exposure was
linked to both disease progression and relapse (p <0.001).
Giving up smoking for more than ten years decreased the
chance of advancement (HR: 0.42; 95% CI 0.22-0.83;
p=0.036) and relapse (HR: 0.66; 95% CI 0.52-0.84;
p<0.001). According to Kashif et al., smokers and non-
smokers were equally divided among the 64 patients, and
they were followed for an average of 28.36 months. The
likelihood of tumor growth was four times higher in smokers
than in non-smokers [48]. There were 64 non-smokers, 64
former smokers, 59 ex-smokers, and 78 continuing smok-
ers. The median follow-up was 38 months. For current and
former smokers, the 3-year relapse-free survival rates were
45% and 70%, respectively, in Chen et al.’s findings [49].
One hundred sixty-eight patients (34.7%) had never smoked,
121 patients (25%) were current smokers, and 195 patients
(40.3%) were former smokers. The median follow-up was
25 months. In addition, cumulative smoking exposure was
found to be significantly (p <0.001) linked with tumor
recurrence in both present and past smokers by Li et al [50].
Patients who had quit smoking for at least 10 years had a
decreased risk of tumor recurrence compared to current
smokers (HR: 0.456, p=0.007) [50]. According to Ogihara
et al., 181 patients (28.5%) were classified as current smok-
ers, 154 (24.3%) as former smokers, and 299 (47.2%) as
non-smokers. The rates of tumor recurrence were consider-
ably lower in non-smokers than in smokers (p <0.001 and
p<0.001, respectively) than in smokers [51]. Patients with a
15-year or longer smoking cessation history had significantly
decreased tumor recurrence rates (p <0.001). According to
Andrade et al.’s report [52], 132 patients with pT1 NMIBC
were followed for an average of 76 months. Smoking load
had a substantial impact on progression (HR: 1.034, 95% CI
1.016-1.052; p=0.0002) and relapse (HR: 1.019, 95% CI
1.008-1.030; p=0.0004) (Table 1).

Smoking promotes the recurrence and progression
of NMIBC (no statistically significant difference)

Although the difference was not statistically significant,
the study by Fleshner et al. found that current smokers had
lower relapse-free survival than either quitters or ex-smok-
ers (127 former smokers, 51 ex-smokers, and 108 current
smokers) [11]. Similarly, Matulewicz et al. found that of
the 723 NMIBC patients included, 34.7% were nonsmokers,
52.6% were past smokers, and 12.7% were current smokers.
Smoking status was not substantially linked with relapse
during the three-year trial period [23]. The study population
included 181 never smokers (18.8%), 490 former smokers
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(50.9%), and 292 current smokers (30.3%) at diagnosis. Fol-
low up for 5 years. The risk of relapse or progression was not
shown to differ statistically significantly across never, for-
mer, or current smokers, according to Grotenhuis et al [53].
The categories of smoking quantity, duration, and cumula-
tive exposure linked to the prognosis of NMIBC also showed
no dose-response correlations. The likelihood of a relapse
and its advancement were not significantly affected by the
quit date [53]. Three huyndred eighty-six patients (62.0%)
were former smokers, 97 patients (15.6%) were current
smokers, and 140 patients (22.5%) had never smoked. The
median follow-up was 80.9 months. Any definition of smok-
ing status did not correlate with relapse or advancement in
the Sfakianos et al.’s report [54]. Similar results were found
by Michalek et al., who found that of 302 patients, 32%
were non-smokers, 22% were past smokers, and 46% were
current smokers. Twenty-three months was the median fol-
low-up time. Neither the number of tumor recurrences nor
recurrence-free survival were correlated with smoking status
[55] (Table 1).

Result and deficiency

Seven of the aforementioned twelve retrospective cohort
studies found a statistically significant increase in the risk
of recurrence and/or advancement in patients with NMIBC
associated with smoking [13, 47-52]. According to five
reports [11, 23, 53-55], smoking had no impact on the rate
of recurrence or advancement in NMIBC patients. The
constraints inherent in retrospective cohort studies cannot
be overcome by any of the aforementioned investigations.
Treatment postponement, TURBT repetition, TURBT
quality, and adjuvant regimen following TURBT inabil-
ity to be regulated. Furthermore, it was unable to regulate
other tobacco products or other tobacco-exposure scenarios
(such as smoking marijuana, cigars, or secondhand smoke).
Despite difficulties in data collection, tobacco products of
different types and brands differ in tar volume, smoke nico-
tine volume, and carbon monoxide volume, which may lead
to differences in tumor recurrence and progression between
patients. Patients self-report their smoking history, making
it susceptible to recall bias and fraudulent reporting. Ulti-
mately, people who stop smoking and then pick up again or
who smoke continuously cannot be controlled.

Smoking is a dynamic process that takes exposure to
smoke into account in addition to smoking status. The only
factors that differed between current smokers and never
smokers and ex-smokers, respectively, were smoking and
quitting. It is inappropriate to compare ex-smokers to never-
smokers since there is a dual variable—smoking and quit-
ting—rather than a single variable separating the two groups.
Therefore, when follow-up is too short, it is typical to find
no differences in recurrence and advancement rates among
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never-smokers, ex-smokers, and current smokers. Because of
this, the Rink et al.’s study continues to be the best retrospec-
tive study [13]. Numerous other studies have not encoun-
tered a dead end when it comes to qualitative analysis, and
their findings also have some guidance and reference value
[47-52]. It is astounding that in Chen et al.’s study [49],
quitting smokers had a lower chance of relapsing than did
continuing smokers and nonsmokers. Although the authors
provide explanations, it is possible that people who stop
smoking avoid being exposed to more smoking-related car-
cinogens. Nonsmokers have been exposed to other, mainly
unknown carcinogens, or nonsmokers’ genetic makeup
predominates in carcinogenic environments. It goes with-
out saying that this explanation is implausible. The small
sample size and brief follow-up period of Andrade et al.’s
study limit the application of its findings [52]. Furthermore,
all of this research is ensnared in the qualitative analysis
trap [11, 23, 53-55]. Homogeneous analysis from the source
was not possible in Matulewicz et al.’s report because initial
NMIBC accounted for only 11.5% and recurrent NMIBC
accounted for 88.5% [23]. The impact of smoking on relapse
rates is primarily obscured by the high risk, recurrent nature
of the disease, and a significant selection bias. People who
stopped smoking within a year after receiving a diagnosis
were classified as quitters in Grotenhuis et al.’s report [53],
but only smoking exposure before the diagnosis was taken
into account for current smokers. This means that constant
smokers and those who are trying to quit almost exactly
coincide. It is obviously illogical to confuse quitting and
chronic smokers, even though the simple qualitative analysis
has little reference significance.

Prospective cohort studies (or RCTs)

Smoking promoted the recurrence and progression
of NMIBC (the difference was statistically significant)

According to Lammers et al.’s [12], of the 718 NMIBC
patients included, 121 were non-smokers, 359 were former
smokers, and 238 were current smokers. The average follow-
up was 2.5 years. In univariate analysis, past and present
smokers had considerably shorter RFS (p =0.005). When
predicting RFS using multivariate analysis, smoking status
remained a significant predictor. 97 patients (24.6%) had
never smoked, and 298 patients (75.4%) were smokers.
The median follow-up was 48 months. 69.1% and 74.2%
(p=0.16), 13.6 and 14.2 months (p=0.27), and 64.0% and
71.3% (p=0.08) were the median times to 3-year RFS,
RFR, and first relapse for smokers and never-smokers,
respectively, in Serretta et al.’s RCT [22]. Smoking was
found to be the primary predictor of relapse (p =0.04) in
multivariate analysis [22]. However, in the study by Kwan
et al., 874 patients (59.4%) were former smokers, and 111

@ Springer

patients (7.5%) were current smokers. Sixty-seven patients
(13.7%) used only pipes and/or cigars; 65 patients (4.4%)
used e-cigarettes; and 363 patients (24.7%) used marijuana
[56]. The follow-up was 26.4 months. The risk of relapse
rose dose-dependently with smoking duration and the num-
ber of pack-years smoked. Patients who smoked for more
than 40 years (HR, 2.36; 95% CI 1.43-3.91) or more than
40 pack-years (HR, 1.97; 95% CI 1.32-2.95) had the highest
risk of recurrence [56] (Table 2).

Smoking promotes the recurrence and progression
of NMIBC (no statistically significant difference)

According to Furberg et al., biochemical tests were per-
formed to verify smoking exposure in 354 patients with
NMIBC. Of these, 78% were former smokers and 22% were
current smokers, with a median follow-up of 3.6 years. The
study found that there is no correlation between smoking
after diagnosis and the likelihood of relapsing (HR: 0.73,
95% CI 0.45-1.20) [57]. Of the 722 patients with NMIBC
included, 103 were never smokers, 266 were former smok-
ers, 186 were current smokers, 150 were former smokers
who resumed smoking, and 17 were smokers who quit after
diagnosis. During a median follow-up period of 4.21 years,
403 pathologically confirmed NMIBC recurrences occurred
in 210 patients. Compared to continuing smokers, only 25
current smokers at diagnosis quit smoking during follow-up
(14%) [58]. Relapsing was not less likely in van Osch et al.’s
report if smoking was stopped following diagnosis than if
it was continued (p =0.352) [58]. In line with the findings
of Serretta et al., a total of 194 patients were diagnosed;
67 (34.5%) of them stopped smoking, while 127 (65.5%)
did not. At the 38-month median follow-up, the recurrence
rates for former and continuing smokers were 49.2% and
60.3%, respectively, and the 3-year RFS was 50.7% and
42.3%, respectively (p =0.55) [59]. Recurrence, the clinical
characteristics of the original tumor, and the patients’ post-
diagnosis smoking behaviors did not show any statistically
significant correlation. The number of cigarettes smoked per
day and the length of time (years) had no statistically signifi-
cant impact on the results. Multivariate analysis showed no
significant reduction in tumor recurrence following smoking
cessation at diagnosis (Table 2).

Result and deficiency

Three of these six Prospective cohort studies showed sta-
tistically significant differences in the effects of smoking
on relapse and/or progression in patients with NMIBC [12,
22, 56]. Smoking had no effect on recurrence or advance-
ment in patients with NMIBC, according to three trials
[57-59]. Although it is a Prospective cohort study, Lam-
mers et al.’s report is very representative [12], with the



Clinical and Translational Oncology

*90UQLINOAT JOWN] UO 10949
JueoyIuSIS ou pey SISOUSeIp Je UOTJESSad
Sunjows ‘SISA[eUr 9JeLIBAT[NW U] "S)[NSAT
A} UO 1099 JuBdYIUSIS A[[eOTISIE)S OU PRY
Sunyows jo (s1eak) yySuo] pue (Aep 1od sopr
-e310) KJIsuour 9y [, "s}Iqey SUrjows pue ‘son
-sr1o)orIRyd d130[0yjed Arewrid ‘9ouarIndal
U09M]}2q PUNOJ St UOTIOUUOD JuedYTuSIS
A[reonsnels ou ‘dn-moj[oj Jo syjuowr §¢ 19y
(0T 1-S¥'0 1D %56 “€L°0
~MH) s1souSeIp Ia}je 90UALINIAI JO YSLI )
pue a1nsodxe Surjows UaaM}aq UOTJBIO0SSE
Ou Sem 2IY], 'STeIK 9'¢ sem dn-mo[[0J URIPI]A

“SLI 90UQLINOAT 0 PAYUI] JOU
a1om Surddos 19yye s1eak pue ‘Suryows jsed
IO SNONUNUOD JO SIBAA ‘Suryinb 19)je s1eax
SLL1sAYSIY o) pey (S6°7—CE T TD%S6 Wim
syuaned (/61 “YH) stk 19ded o < 1o
(16°€—€+'T 1D%S6 *9¢°T “YH) s1eak O Tuon
-e1np Sunjows yim syuaned (Kem juopuadop
-9s0p ® UI ‘s1eak yoed jo Ioqunu pue
uoneInp Sunjows Yim sasearour asdefor

JO ST oYL, "Syjuow $'9g sem dn-mo[[oJ YL,
"STEOA 9911} J9)JB SIOWS JOWLIO} PUR JUal
-Ino 10§ Jwes 9y} sem asdefar jo Aniqeqoid
YL ‘(400 =d) snye)s Surjowss sem ‘sisA[eue
derreAn[nw £q pa[eaAas se ‘syuaried asay)
ur osdefax 10y 10301pa1d aanorpard Arewrd
Y, "A[oAT3I09dSAI ‘SIOYOWIS-TOAQU PUE SID
-yows Joj 9sde[a1 JSIy 0) SWI} UBIPIW pUR
AT STy Teoh-¢ oY) a10m ‘A[oATioadsar
‘Sqiuow 7'y pue 9°¢ pue ‘%7 yL pue

%1°69 "syiuou 84 sem dn-mo[[oJ URIPIIA

(7S 0=d) 20Ua1INOAI JO YSII Y} dONPAI Jou

PIp SISouSeIp I9)je UONESSId Jurjows pue
‘s1eak 174 sem porrad dn-mof[o} uerpow oy,

‘sosATeue

erreAnnu ul S, Jo Jojorpaid jueoyrusis

B PaUrewal snjeys unjows "paualioys Apued

-yrugis sem (600" 0=d) SIOWS JUALIND

pue JoULIO} JO S 9} ‘SISATeue ojerreArun
uJ "s1eak G g sem porrad dn-mof[oj uerpow oy,

61 uoIssa13ord pue Q0UILINONY

$G¢  uorssar3ord pue QoUILINONY

G86 UOISsaI301d pue 90UALININY

G6E uoIssaI3oid pue 9oUALININY

L QOURLINOTY

8IL JOUALINONY

s1eak Sumymb pue ‘sreak Sur
-ows ‘Aep 1od payowrs say301e310 JO JoqUUINN

s1eak Sumymb pue ‘sreak Sur
-yows ‘Aep 1od payouwrs sa1301e310 JO JoqUINN

s1eak Summb pue ‘sreak Sur
-ows ‘Aep 1od payowrs say301e310 JO JoqUUINN

s1eak Summb pue ‘sreak Sur
-ows ‘Aep 1od payows sa1301e310 JO IoqUUNN

s1eak 3ummb pue ‘sreak Sur
-ows ‘Aep 1od payowrs sa1301e310 JO IoqUUNN

s1eaok Summb pue ‘sreak Sur
-ows ‘Aep 1od payowrs s93301e310 JO ToqUUINN

(Lzn
SI[OWS JUALIND PUE (/) SIONOWS JOULIO]

(%22
SIOYOWS JUALIND pue (%8/) SIAOWS JOULIO]

arn
SIOOWS JUALIND PUR (/) SINOWS JOULIO]

(L6) SIoOWS ISASU pue (867) SIOWS
(€01) s1oxows
IoAQU pue ‘(£ 1) sisouSelp 1oije 3b oym
SIYOWS ‘(OGT) SIows pawnsaI ‘(98)
SISYOUWS JUALIND (997) SIOYOWS ISWLIO]

(1Z1) s1yows-uou pue
{(8€7) SIows JUdIIND ‘(6GE) SINOWS-XH

[65] eno1iag

[LS] S10qmg

[96] uemyf

[c2] enorrag

[85] yosQ uea

[Z1] sTowrwre

s3urpuy Aoy]

9sE)  UOISSAIS0IJ PUE QOUALINONY

amsodxs Sunjowrg

sme)s Sunjowrg

oyny

Sa1pN)S 110702 dAndadsold :DHGIAIN JO UoIssa1S01d pue 90U21INOI Y} U0 Surjows Jo 1095 T 3|qeL

pringer

As



Clinical and Translational Oncology

questionnaire being the primary source of its shortcom-
ings. Due to a lack of control over passive smoking and
other factors, smoking status was only assessed at the time
of patient recruitment. Furthermore, it does not account for
those who quit smoking or those who restart after a period
of time. False and covert reporting cannot be completely
ruled out either, as smoking data is obtained via the ques-
tionnaire. It can be more obvious whether the patient has
smoked recently if biochemical indications are employed
for verification. Like Serretta et al.’s RCT [22], the sample
size was modest, and it only looked at smoking status at
the time of diagnosis, ignoring any changes in tobacco
usage during follow-up and beyond. Furthermore, a high
percentage of patients were lost to follow-up, and the trial
lacked rigorous prospective control. In contrast, there are
very few e-cigarette users in the Kwan et al.’s report [56],
and recall bias regarding smoking behavior in participant
self-reports cannot be ruled out. The results solely pertain
to the relationship between smoking behavior and short-
term (<2 years) risk of relapse and progression; they do
not address long-term risk.

Three hundred fifty-four NMIBC patients had a his-
tory of smoking, according to a paper by Furberg et al
[57]. The key is to employ biochemical markers to deter-
mine “people who are smoking” with accuracy, prevent
patients from disclosing that they smoke, and prevent
misreporting by non-smokers who may be exposed to
nicotine from other sources. In addition to having small
sample numbers, brief follow-up periods, and succumb-
ing to the traps of qualitative analysis, the study shows
no correlation between smoking exposure and the likeli-
hood of relapse. It is thought that when the sample size is
large enough, the follow-up period is long enough, and the
cumulative smoking exposure is the same in quitters and
current smokers, stratified investigations of smoking ces-
sation time will produce more acceptable results. As only
14% of the NMIBC group stopped smoking after receiving
a diagnosis, there was sampling bias, and the findings in
the van Osch et al.’s research were not representative [58].
Furthermore, the study did not standardize postoperative
adjuvant treatment or tumor characteristics (stage, grade,
size, and number of tumors). Lastly, the data revealed
that almost one-third of those who had quit were certain
to start smoking again after receiving a diagnosis. This
just serves to emphasize the importance of ambulatory
monitoring and long-term follow-up. As shown by Ser-
retta et al., quitting smoking at the time of diagnosis did
not significantly lower the risk of tumor recurrence [59].
It makes sense to restrict the study participants to quitting
and long-term smokers to examine the impact of quitting
on relapse and the advancement of NMIBC. The sample
size is too small to support a stratified investigation, and
the conclusions’ application is constrained.

@ Springer

Systematic reviews and meta-analysis

Smoking promoted the recurrence and progression
of NMIBC (the difference was statistically significant)

In a meta-analysis involving 7885 patients with NMIBC,
Slusarczyk et al. found that smokers (current or past) had a
greater risk of relapse [60]. (95% CI 1.34-2.09; p <0.0001).
Relapse risk was 1.24 times greater in current smokers than
in former smokers (OR =1.24; 95% CI 1.02-1.50; p=0.03),
according to a subgroup analysis of 2967 patients. When
compared to never smokers, smokers had a greater chance of
relapse (HR=1.31; 95% CI 1.15-1.48; p <0.0001) and pro-
gression (HR=1.18;95% CI 1.08-1.29; p <0.001), accord-
ing to a meta-analysis of survival ratios. The risk of UCB
increases by 2—4 times for current smokers; however, this
risk can be lowered by giving up smoking. There was little
correlation seen between smoking and other outcomes in
patients with TURBT and RC, and smoking status, exposure,
and quitting had a substantial effect on disease recurrence
for patients undergoing TURBT, according to Rink et al.’s
report [61]. Current smokers had a higher chance of a local
recurrence of NMIBC, according to Van Osch et al. (HR
1.27,95% CI 1.09-1.46) [62]. Comparable to the findings of
Hou et al.’s report, smoking status had a positive correlation
with the chance of bladder cancer recurrence (SRRE=1.23;
95% CI 1.05-1.45) as well as history (SRRE=1.22; 95% CI
1.09-1.37) [63]. Still, there was no statistically significant
correlation between smoking status (SRRE=1.11; 95% CI
0.71-1.75) or history (SRRE=1.16; 95% CI 0.92-1.46) and
the risk of BCa development (Table 3).

Smoking promotes the recurrence and progression
of NMIBC (no statistically significant difference)

Smoking lifelong or persistently is suggestive evidence of
moderate risk factors for relapse, which can be positively
modified by quitting. This was found in a systematic review
by Aveyard et al [15]. Still, the majority of the research’s
findings lack statistical significance, and methodological
flaws make the evidence basis flimsy. Caini et al. conducted
an analysis of the nine included studies and found no sta-
tistically significant difference between the quitters’ and
the continuing smokers’ risk of relapse (SHR 0.99, 95% CI
0.61-1.61) [64] (Table 3).

Result and deficiency

The six aforementioned systematic reviews and meta-analy-
ses shared the same issue, and the original research—mostly
retrospective cohort studies—Ilimited the meta-analysis’s
quality [15, 60-64]. The shortcomings of retrospective
research are unavoidable for these publications, and by
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Table 3 (continued)

18

cancer recurrence (SRRE=1.23;

Current smoking and risk of bladder
95%CI 1.05-1.45) was posi-

Recurrence and Progression Key findings

Recurrence

Number of cigarettes smoked per
day, and smoking years

Smoking exposure

Non-smokers, current smokers,
and former smokers

Smoking status

analysis of 15 studies were

A systematic review and meta-
included

Research type

Author
Hou [63]

Springer

tively correlated. Furthermore,

recurrence of bladder cancer was
favorably connected with prior

1.22;95% CI,

1.09-1.37). The risk of blad-

smoking (SRRE

der cancer development did not

significantly correlate with either

the present (95%CI, 0.71-1.75) or

prior (95%CI 0.92-1.46) smokers.

It was, however, equivalent to the

former group.

accounting for factors like real smoking, postoperative treat-
ment methods, tumor characteristics, demographic char-
acteristics, and quality of repeat TURBT, they may even
exacerbate this shortcoming. The inclusion of 7885 patients
in the Slusarczyk et al.’s analysis allowed for the amplifica-
tion and statistical differentiation of the differences between
non-smokers and smokers (including ex-smokers and current
smokers) [60]. However, we advise against drawing straight
parallels between quitting and non-smokers. This simply
explains why quitting smoking increases the chance of
relapsing; it does not explain why quitting smoking alone or
in combination with other factors contributes less to recur-
rence. There are also a lot of important restrictions on the
study. Six prospective cohort studies were included out of
64 original investigations. Only two of these six prospec-
tive trials, nevertheless, examined the impact of smoking on
the development and recurrence of NMIBC. The remaining
investigations included smoking as a possible confounder in
univariate or multivariate analysis; however, since smoking
status was not the primary focus of these studies, reporting
bias was unavoidably present. Inconsistencies also existed in
baseline attributes such as patient age, tumor stratification,
and postoperative adjuvant therapy. Similar issues plagued
the other five meta-analyses [15, 61-64]. Here, we will not
go through them one by one.

Discussion

In terms of mechanisms, single nucleotide polymorphisms in
cytochrome P450 reductase, N-acetyltransferase, glutathione
S-transferase, genes linked to inflammation, STK12 genes,
and DNA-repair genes, as well as DNA damage brought on
by tobacco carcinogens, are all signific’ant contributors to
the development of cancer [65—-68]. UCB patients’ prognosis
and HPV DNA presence are significantly correlated, accord-
ing to recent studies [69]. Tumor recurrence was reported
by 47.3% of 19 HPV-positive patients (n=9) and 36.8% of
38 HPV-negative patients (n=14), with no significant dif-
ferences in age, follow-up period, smoking status, or tumor
grade (p =0.445). During the 2-year follow-up period, there
was a correlation found between the presence of HPV DNA
and an increased susceptibility to relapse. According to a
number of studies [70-72], lower e-cadherin expression
encourages BCa metastasis and progression and is linked
to a poor prognosis. Restoring E-cadherin expression can
stop tumor invasion, metastasis, and progression. Li et al.
conducted more research and discovered that the unique
dsRNA-mediated up-regulation of E-cadherin expression
impeded the expansion and metastasis of BCa cells by block-
ing the genes that target f-catenin/TCF [73]. Furthermore,
a stronger correlation was found between decreased BCa
outcomes and elevated miR-155 levels [74, 75]. Lu et al.’s
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additional research revealed that the expression of miR-155
varied between RT4 and T24 BCa cells [76]. Via the inter-
cellular transfer of TNTs, miR-155 can activate the Deptor-
mTOR signaling pathway, thereby facilitating the invasion
and growth of BCa cells. Numerous signaling pathways,
including the MAPK/ERK, PI3K/Akt, and JAK/STAT path-
ways, have been shown to be activated by nicotine through
nicotinic acetylcholine receptors. These pathways are linked
to tumor development and acquired treatment resistance in
addition to tumor formation [77-79]. The PI3K/Akt/mTOR
pathway may be activated by nicotine exposure in vitro and
in vivo in research to promote tumor cell proliferation. Con-
versely, blocking this system may decrease BCa cell line T24
viability [80]. These initial results offer foundational ideas
for mitigating nicotine exposure and decreasing the aggres-
siveness of bladder cancerous growths.

According to the number of included study popula-
tions and references, the majority of research (14 refer-
ences) revealed that smoking significantly accelerated the
progression and recurrence of NMIBC in patients [12, 13,
22,47-52, 56, 60-63]. Smoking had no effect on the recur-
rence or advancement of NMIBC in patients, according to
less than half of the investigations (10 papers) [11, 15, 23,
53-55, 57-59, 64]. Meta-analyses utilizing randomized con-
trolled studies or prospective cohort studies as the primary
research studies offer the strongest level of evidence. But
unfortunately, no such evidence is available. Certain meta-
analyses that rely on retrospective cohort studies [61, 62],
prospective cohort studies [12, 22, 56], and retrospective
cohort studies [13, 47, 49, 51] still hold some guiding sig-
nificance. Almost all of the research also supports stopping
smoking, which enhances quality of life in relation to health.
The pathological types of BCa mentioned in the above 24
articles are all urothelial carcinoma. While there are gender
disparities in bladder cancer incidence, men are more likely
than women to develop BCa. But none of the 24 publications
mentioned above examined how smoking affected NMIBC
patients’ progression and recurrence from a gender stand-
point. Gender did not distinguish between current smokers,
former smokers, or never smokers. One of the publications
provided a plausible explanation [49]: it was not possible
to segment the study by gender because the prevalence of
smoking among women during the same period was just
4%. Therefore, we cannot know whether there is a gender
difference in the "effect of smoking on the recurrence and
progression of non-muscle-invasive bladder cancer".

These investigations were constrained by retrospective
cohort studies, unreliable exposure evaluations, and small
sample sizes. Due to their small sample size and short fol-
low-up period, prospective cohort studies are few. Of the
twenty-four articles, a large number focused on the relapse
and progression outcomes of non-smokers, ex-smokers, and
chronic smokers, falling into the trap of qualitative analysis

[11, 23, 53-55]. There are not many literary works that have
managed to escape the confines of qualitative analysis and
examine smoking exposure as well as status. The impact of
smoking on the development and recurrence of NMIBC was
examined by contrasting never-smokers with current smok-
ers. Cumulative smoking exposure was the only variable.
The study should only include smokers who are currently
active to better examine the impact of smoking intensity and
duration on relapse and progression. To examine the impact
of quitting on the recurrence and progression of NMIBC,
current and former smokers were matched. When cumu-
lative smoking exposure was equal, the effects of quitting
on relapse and progression were evaluated. Former smok-
ers should be the only ones included in the study to more
thoroughly examine the impact of smoking intensity and
time prior to quitting on relapse and progression. Comparing
never-smokers to ex-smokers is inappropriate since there are
two variables to consider: smoking and quitting. The sole
variable is not smoking or stopping. It is also not appropri-
ate to compare smokers (both past and present) with those
who have never smoked. Releasing oneself from smoking
reduces the harmful consequences of prior smoking to some
extent, even though smokers are still exposed to smoking.
The people who smoke now are most affected by smoking,
followed by those who have smoked in the past, and lastly,
those who have never smoked. A former smoker’s cumula-
tive smoking exposure is not always smaller than a smoker’s
present exposure, though when looking at it quantitatively.
Compared to other tobacco-related diseases, bladder
cancer is not as well known to the general public [81-83].
When BCa was first discovered in about 30% of patients,
they were still heavy smokers [84]. Roughly 40% of smokers
continue to smoke while receiving treatment for BCa [22].
Furthermore, few urologists provide their patients with any
therapies to assist in quitting [17, 83] because they may not
think that quitting smoking is crucial to the clinical care of
BCa [85]. A lack of clinical proof could be the cause of this
[85]. Positively, with medical guidance, most individuals
with BCa are willing to give up smoking [86]. According to
a prospective experiment, patients’ rates of quitting smoking
increased dramatically (from 2.6% to 12.1%) after receiving
a smoking cessation intervention for as little as five minutes.
Clearly, higher rates of smoking cessation may result from
improved clinician and patient understanding of the value of
quitting smoking in the management of illness [87].
Prospective cohort studies (or RCTs) are better equipped
to address the limitations of retrospective cohort studies,
including an inability to account for genuine smoking status,
postoperative treatment, tumor features, population factors,
and repeated TURBT and TURBT quality. Among them
[57], recollection bias and purposeful concealment can be
significantly mitigated by employing biochemical markers
to reliably identify “people who are smoking.” Furthermore,
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dynamic monitoring and follow-up over an extended period
of time are crucial. Smokers who have altered over time can
be identified through dynamic monitoring. Excessive overlap
between present and previous smokers was more likely to
occur during shorter follow-up periods. The entire scope
of disparities between present and previous smokers will
be revealed by long-term follow-up [22, 63]. The following
factors must be carefully controlled: smoking status must be
authentic and reliable (questionnaire survey combined with
biochemical verification); demographic characteristics (age,
gender); tumor characteristics (stage, grade, tumor size,
tumor number); and postoperative treatment plan (whether
perfusion therapy, chemotherapy drug infusion therapy, or
repeated surgery). Stratified studies must be conducted to
clearly understand the effects of smoking cessation years,
smoking time, and smoking exposure on relapse and pro-
gression of NMIBC patients. Large samples are the basic
and necessary conditions for completing stratified analysis.

We should increase public awareness of smoking-related
hazards and focus on improving the prognosis of other
tobacco-related systemic diseases and improving quality
of life, even though the conclusion that smoking promotes
relapse and progression in patients with NMIBC is not sup-
ported by high-quality, large-sample prospective cohort
studies (or randomized controlled studies). Simultaneously,
there is an increased focus on deterring nonsmokers from
starting to smoke as well as helping current smokers to give
up as soon as feasible [57].

Conclusion

When combined with the information now available on
NMIBC, smoking is widely acknowledged to have a negative
impact on patient outcomes. It is also known to accelerate
the progression and recurrence of BCa. Reducing tobacco
use lowers the risk of cardiovascular events, all-cause mor-
tality, and second primary malignancies while also improv-
ing health-related quality of life and making procedures
safer. Encouragement and assistance in quitting smoking
should be provided to all patients who smoke. Large-scale,
high-quality Prospective cohort study (or RCT) evidence is
desperately needed to support the weak evidence that smok-
ing causes the recurrence and progression of BCa in clinical
practice. These limitations stem from the study type, sample
size, and design. This has substantial clinical implications
for urologists’ scientific cognition, increasing smoking ces-
sation counseling, bolstering smoking cessation publicity,
and lessening patient financial load while enhancing patient
prognosis.
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