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Abstract

Objective: To evaluate the relationship between smoking status and clinicopathological characteristics and oncological outcome in bladder cancer (BC) patients and
those with concomitant BC and lung cancer (LC) who developed BC or LC as a second primary cancer during their survivorship.

Materials and Methods: A total of 2621 BC patients registered in the Turkish Urooncology Association Bladder Cancer Database between 2001 and 2021 were
retrospectively analyzed. Patients were divided into two groups: those with BC only (BC group, n=2568) and those with concomitant BC and LC (BLC group, n=53).
Data on patient demographics and smoking status (active smoker, former smoker, non-smoker) were recorded, as were the clinicopathological characteristics and
oncological outcomes with respect to smoking status.

Results: Active smokers comprised 50.5% and 49.1% of patients in the BC and BLC groups, respectively. The percentage of former smokers was 14.3% and 13.2%
and percentage of non-smokers was 31.4% and 18.9% in the BC and BLC groups, respectively. In both BC and BLC groups, a higher percentage of males than
females were active smokers (45.8% vs. 4.6% in BC and 47.2% vs. 1.9% in BLC). In the BLC group, the percentages of active smokers, former smokers and non-
smokers in the BC first group were 56.0%, 24.0% and 20.0%, respectively, whereas the corresponding ratios in the LC first group were 50.0%, 8.3%, and 41.7%,
respectively. The presence of smoking (active or former) vs. non-smoker status was associated with more advanced clinicopathological characteristics and poor
oncological outcomes in both BC and BCL groups.

Conclusions: This population-based registry study in patients with BC revealed the presence of smoking history (active or former) in almost two-thirds of patients in
both BC and BLC groups, which was associated with more advanced clinicopathological characteristics and poor oncological outcomes in both BC and BCL groups.
Keywords: Smoking status, bladder cancer, lung cancer, second primary cancer, clinicopathological features, oncological outcome

Introduction tobacco smoking and secondhand smoke exposure, respectively
2,3).

Although different forms of tobacco (i.e., cigars, electronic
cigarette hookah, bidis) are available in the market, none are
considered safe, and each may lead to significant cardiovascular
and respiratory (i.e., restrictive or obstructive lung diseases)
problems (4). Furthermore, one of five cancer cases is directly
caused by smoking (5). The International Agency for Research

Tobacco smoking is considered among the most important
threats to public health and is one of the major preventable
causes of death. It was reported that more than 1 billion people
smoked tobacco regularly in 2019, and approximately 8 million
deaths were related to smoking (1). In Turkey, the prevalence
of tobacco smoking in adults was 31.3% in 2019, while an
estimated 77000 and 11000 deaths in 2017 were attributed to
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on Cancer (IARC) declared tobacco smoking a group 1
carcinogen in humans and associated it with cancers of the
oral cavity, pharynx, larynx, lung, nasal cavity/accessory sinuses,
esophagus, stomach, colorectum, liver, pancreas, kidney, ureter,
urinary bladder, ovary, cervix, and myeloid leukemia (6).

Both lung cancer (LC) and bladder cancer (BC) are among
the most common and mortal cancers globally (7). Tobacco
smoking is the strongest modifiable risk factor for both cancer
types. Approximately 85% of LCs result from smoking, and
smoking accounts for nearly 50% of the BC burden (8,9).

Cigarette smoking is commonly continued after an initial
diagnosis of smoking-associated cancer, despite being a strong
and modifiable oncological risk factor (10,11,12,13). Smoking
and/or alcohol consumption are causally linked to more than
one-third of all second primary cancers (SPCs) in the United
States, whereas the risk of developing a second smoking-
associated cancer is also higher in survivors of smoking-
associated cancers than in the general population (12).

BC and LC are the two most frequently diagnosed and mortal
cancers that share tobacco smoking as a common risk factor.
Therefore, this population-based registry study aimed to evaluate
the relationship between smoking status and clinicopathological
characteristics and oncological outcome in BC patients and in
those with concomitant BC and LC who developed BC or LC as
a SPC during their survivorship.

Materials and Methods

Study Population

Atotal of 2621 BC patients registered in the Turkish Urooncology
Association Bladder Cancer Database between 2001 and 2021
were retrospectively analyzed. The database included the
demographic, pathologic, and clinical parameters of patients
with non-muscle-invasive and muscle-invasive BCs. Patients
were divided into two groups: those with BC only (BC group,
n=2568) and those with concomitant BC and LC (BLC group,
n=53). The BLC group was further divided into two subgroups
based on the type of SPC, including those who developed LC as
an SPC during BC (BC first, n=25) and those who developed BC
as an SPC during LC (LC first, n=12). Patients with missing data,
those with benign lesions and/or metastatic lesions of the lung,
and those with benign lesions of the bladder were excluded
from the analysis.

In accordance with the registry database design of the study,
ethics committee approval was not required.

Assessments

Data on patient demographics (age at diagnosis, gender) and
smoking status (active smoker, former smoker, non-smoker)
were recorded in each group. Clinicopathological characteristics
and oncological outcomes (advanced tumor stage at diagnosis,
high grade tumor at diagnosis, nodal disease, metastasis at
the time of initial diagnosis, complications, postoperative
recurrence, postoperative metastasis, need for additional
treatment [radiotherapy (RT)/computed tomography (CT), and
mortality] were evaluated with respect to smoking status in the
BC and BLC groups. In the BLC group, smoking status was also

evaluated with respect to primary diagnosis (LC first and BC
first).

Statistical Analysis

Statistical analysis was performed using Python and Pandas
(14,15), Numpy (16), Scipy (16), and JupyterLab (17) as the
coding interface. The normality of distribution was evaluated
using visual (Histograms, QQ Plots) and analytical methods
(Kolmogorov-Smirnov, Shapiro-Wilk, and D’Agostino’s k2 tests).
Descriptive statistics were reported, and the data were expressed
as mean (standard deviation), median (interquartile range), and
n (%) where appropriate. This is a sectional study; therefore, no
hypothesis tests or p-values were presented.

Results

Patient Demographics and Smoking Status

Of 2621 BC patients included in the registry database, 2568
(97.9%) were diagnosed with BC only (BC group), whereas
53 (2.1%) were diagnosed with concomitant BC and LC (BLC
group). Males comprised 85.7% (2201/2568) and 96.2%
(51/53) of patients in the BC and BLC groups, respectively
(Table 1).

In the BC group, the mean age at cancer diagnosis was 68 years
overall, and it was 66 years, 67 years, and 68 years in active
smokers, former smokers, and non-smokers, respectively (Table 1).

In the BLC group, the mean age at cancer diagnosis was 70
years overall, and it was 68 years, 77 years, and 70 years for
active smokers, former smokers, and non-smokers, respectively
(Table 1).

Active smokers comprised 50.5% (1296/2568) and 49.1%
(26/53) of patients in the BC and BLC groups, respectively.
The percentage of former smokers was 14.3% (367/2568) and
13.2% (7/53) and the percentage of non-smokers was 31.4%
(807/2568) and 18.9% (10/53) in the BC and BLC groups,
respectively (Table 1, Figure 1).

Accordingly, a history of smoking (current or former) was
evident in 1663 (64.8% overall, 67.3% of those with available
data) patients with BC only and in 33 (62.3% overall, 76.7%
of those with available data) patients with concomitant bladder
and LC (Table 1).

In both BC and BLC groups, a higher percentage of males than
females were active smokers (45.8% vs. 4.6% in BC and 47.2%
vs. 1.9% in BLC) and former smokers (13.5% vs. 0.8% in BC and
11.3% vs. 1.9% in BLC) (Table 1, Figure 2).

Demographics and Smoking Status in the BLC Group
with Respect to SPC

In the BLC group of 53 patients with concomitant BC and
LC, data on the type of SPC were available in 37 patients.
The first diagnosed cancer was BC, and LC appeared as an
SPC in 25 (67.6%) patients, whereas LC diagnosis preceded
the development of BC as an SPC in 12 (32.4%) patients
(Table 2).

The mean patient age at diagnosis was 71 years and 70 years in
the BC first and LC first groups, respectively. LC was detected a
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mean of 3.7 years after the diagnosis of BC, and BC was detected
a mean of 4.2 years after the diagnosis of LC (Table 2).

The percentages of active smokers, former smokers and non-
smokers in the BC first group were 56.0%, 24.0% and 20.0%,
respectively, while the corresponding ratios in the LC first group
were 50.0%, 8.3%, and 41.7%, respectively (Table 2, Figure 1).

Clinicopathological Characteristics

Outcomes

and Oncological

Figure 3 illustrates the clinicopathological characteristics and
oncological outcomes with respect to smoking status (active
smokers, former smokers and non-smokers, respectively) in the
BC group, including advanced tumor stage at diagnosis (57.2%,

55.2%, 49.3%), high-grade tumor at diagnosis (72.8%, 72.5%,
61.5%), nodal disease (37.0%, 36.7%, 34.6%), metastasis at
the time of initial diagnosis (3.8%, 2.2%, 1.9%), complications
(43.3%, 20.4%, 36.0%), postoperative recurrence (23.7%,
28.0%, 19.6%), postoperative metastasis (11.8%, 25.7%,
14.5%), need for additional treatment (RT/CT, 66.1%, 63.6%,
52.1%), and mortality (14.2%, 26.5%, 12.1%) (Figure 3).

Figure 4 illustrates clinicopathological characteristics and
oncological outcomes with respect to smoking status (active
smokers, former smokers and non-smokers, respectively) in the
BLC group, including advanced tumor stage at diagnosis (42.4%,
28.6%, 28.6%), high-grade tumor at diagnosis (65.6%, 55.6%,
28.6%), nodal disease (15.4%, 0.0%, 0.0%), metastasis at the

Table 1. Patient demographics and smoking status in the study groups
Cancer registry (n=2621)
Bladder cancer Bladder cancer + lung cancer
(n=2568) (n=53)
Gender, n (%)
Male 2201 (85.7) 51(96.2)
Female 367 (14.3) 2(3.8)
Total 68 70
Age at diagnosis (year), mean Active smoker 06 68
Former smoker 67 77
Non-smoker 68 70
Smoking status, n (%)
Total 1296 (50.5) 26 (49.1)
Active smoker Male 1177 (45.8) 25 (47.2)
Female 119 (4.6) 1(1.9)
Total 367 (14.3) 7(13.2)
Former smoker Male 347 (13.5) 6(11.3)
Female 20 (0.8) 1(1.9)
Total 807 (31.4) 10(18.9)
Non-smoker Male 622 (24.2) 10 (18.9)
Female 185 (7.2) 0(0.0)
Total 98 10
Missing data Male 55 10
Female 43 0
History of smoking (current or Total 1663 (64.8) 33(623)
former) In those with available data (n=2470 and n=43) | 1663 (67.3) 33 (76.7)
Table 2. Demographics and smoking status in patients with concomitant bladder and lung cancer with respect to the type of SPC
Bladder cancer + lung cancer (n=53)
Bladder cancer first Lung cancer first
Total (n=37), n (%)? 25 (67.6) 12 (32.4)
Age at diagnosis (year), mean 71 70
Time between two diagnoses (year), mean 3.7 4.2
Active smoker 14 (56.0) 6 (50.0)
Smoking status, n (%) Former smoker 6 (24.0) 1(8.3)
Nonsmoker 5(20.0) 5(41.7)
2Unknown in 16 patients, SPC: Second primary cancer
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time of initial diagnosis (12.5%, 0.0%, 0.0%), complications
(73.3%, 33.3%, 20.0%), postoperative recurrence (16.7%,
66.7%, 20.0%), postoperative metastasis (23.8%, 33.3%,
0.0%), need for additional treatment (RT/CT; 41.2%, 33.3%,
0.0%), and mortality (26.7%, 33.3%, 0.0%) (Figure 4).

Discussion

This population-based registry study in BC patients revealed
the presence of smoking history (active or former) in almost
two-thirds of patients in both BC and BLC groups, which was
associated with an increased risk of advanced tumor stage, high-
grade tumor and metastasis at the time of initial diagnosis, more
invasive surgeries and related postoperative complications,
recurrence and metastasis, and a higher rate of mortality
compared with non-smoker status. The association of smoking
with poor prognostic factors and mortality was more marked in

Smoking status
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Figure 1. Smoking status in “bladder cancer only” and “bladder cancer plus
lung cancer” groups
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Figure 2. Smoking status with respect to gender in “bladder cancer only” and
“bladder cancer plus lung cancer” groups
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Figure 3. Clinicopathological characteristics and oncological outcomes with
respect to smoking status in bladder cancer patients

the BLC group than in the BC group, whereas the postoperative
recurrence, metastasis, and mortality rates remained high even
after smoking cessation in both the BC and BLC groups. Younger
age at diagnosis (2 years earlier overall and 10 years earlier for
former smokers) in the BC than in the BLC groups, and for active
smokers than non-smokers in both BC and BLC groups.

The current population of Turkey is 85 million, and there are
approximately 65.000 LC survivors (18). Our findings revealed
the presence of LC as a SPC in 2.1% of patients with BC,
which seems to indicate that LC is approximately 28-fold more
common in patients with BC than in the general population.
This situation is related to smoking, which is a common risk
factor for both cancers.

Tobacco use is considered to be the main cause of 90% and 79%
of LCs in males and females, respectively, and approximately half
of BC cases as well (19,20). Similarly, our findings also indicate
that almost two-thirds of patients with BC or concomitant
bladder and LC have smoked at some point in their lives.

Overall, 75% of new BC cases occur in men, with an M:F ratio
ranging 6:1 to 2:1 in different regions worldwide (21). Similarly,
LC incidence is also 2-3 times higher in men than in women in
different countries of the world (22). This is related to the fact
that men smoke more than women (23). In the current study,
BC alone or together with LC was also more common in men
than in women. Moreover, both BC and concomitant BC + LC
were 2-fold more common in smoker men than in non-smoker
men.

Although nicotine itself is not carcinogenic, many substances
in cigarette smoke, such as polycyclic aromatic hydrocarbons
and  4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone, have
been deemed carcinogenic by the IARC. The activation of these
substances is considered to be responsible for the formation of
DNA adducts and subsequent gene methylation, DNA sequence
alterations, DNA segment amplification/deletion, or whole
chromosome gains/losses (24).

Recent studies have reported the association of continued
smoking with a higher risk of SPC and adverse outcomes,
whereas smoking cessation lowered the incidence of SPC in
survivors of LC (13,25). Barclay et al. (13) described the incidence
of second- and higher-order smoking-related primary cancers in
LC survivors and noted that BC is the second most common
smoking-related SPC after non-small cell LC among survivors of
primary LC. The standardized incidence ratios (SIRs) for second

il
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Figure 4. Clinicopathological characteristics and oncological outcomes with
respect to smoking status in patients with concomitant bladder and lung cancers
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primary BC were found to be similar to the general population
at the beginning and end of follow-up, which appears to peak
at approximately 5 years, with an SIR of 1.8 [95% confidence
interval (Cl) 1.5 to 2.2], from first primary LC diagnosis (13).
Zheng et al. (11) investigated the sex-specific risks for any SPCs
following urothelial cancers and, in reverse order, for urothelial
cancers as SPCs following any cancer in 46234 BC patents. The
authors noted that after BC, the SIR for LC as an SPC was 2.08
(95% Cl 1.93-2.25) and 2.82 (95% Cl 2.43-3.26) in males and
females, respectively. However, the second BC risk after LC was
1.31(95% C11.12-1.52) in males and 1.81 (95% Cl 1.34-2.4) in
females. The authors also emphasized that this association was
most likely related to smoking (11). In a study by Shiels et al. (12)
from five cohorts including stage | LC (n=2,552), BC (n=6,386),
kidney cancer (n=3,179) and with head/neck cancer (n=2,967)
patients, smoking before the first cancer diagnosis was found
to increase the risk of SPC in cancer survivors, in relation to the
increased smoking prevalence. In our study, 37 of 2568 patients
with BC also had LC. Of these, 67.6% were diagnosed with LC
after a mean of 3.7 years of initial BC diagnosis. In the remaining
32.4%, BC developed a mean of 4.2 years after the diagnosis
of LC. Moreover, we found that secondary primary lung or BC
occurred in approximately half of the patients with primary
cancer who smoked over the years. According to our results, it
seems that if patients survive to primary bladder or LC, they will
develop the other one of these cancers in about 4 years. Thus,
these patients will begin to struggle with two aggressive cancers
in their early 70s.

A growing body of evidence indicates the association of
smoking with adverse outcomes in BC patients treated with
transurethral resection and/or radical cystectomy, although not
uniformly. Rink et al. (26) suggested the potential of smoking
in causing unfavorable outcomes after radical cystectomy and
the likelihood of smoking cessation to attenuate these effects.
Recently, in a cohort study of 1472 adult NMIBC patients (two-
thirds were former or current cigarette smokers at the time of
diagnosis), the recurrence risk was reported to increase with
longer duration and increasing pack-years of cigarette smoking
in an exposure-response manner (~ two-fold greater risk for >40
years of smoking and >40 pack-years). Pipe, cigar, marijuana,
and e-cigarette usage were not associated with an increase
in recurrence risk (27). Moreover, in a systematic review and
meta-analysis by Cacciamani et al. (28), smoking status was
found to be associated with lower neoadjuvant chemotherapy
response rates, higher overall and cancer-specific mortality,
and higher rate of BC recurrence after radical cystectomy. In
a meta-analysis by Tellini et al. (29), it was demonstrated that
smoking status at the time of radical cystectomy is related
to an increased risk for major postoperative complications,
infections, and mortality. Besides the increased risk of mortality
and subsequent malignancies, cigarette smoking in cancer
patients is also known to increase surgical complications and
chemotherapy-related and radiation-related toxicities (30,31).
In our study, BC was at a more advanced stage at the time
of diagnosis in smokers along with a more aggressive course
in these patients. Our observations regarding postoperative
complications, prognosis, response to treatments, and survival
outcomes were consistent with those of previous studies.
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Additionally, we found that even if patients with concomitant
bladder and LCs quit smoking, BC relapsed and metastasized
more frequently.

Study limitations

This study has certain limitations. First, we did not consider the
amount and duration of smoking because it is self-reported
and may cause bias. Secondly, although there are many forms
of tobacco in the market, we considered all in one as tobacco
smoking. Third, in our cohort, we considered cancer-specific
and other causes of mortality as a single parameter. However,
smoking also increases the risk of non-cancer-related deaths,
primarily by affecting the cardiovascular system. Fourth,
concomitant cancers have some genetic mutations that affect
tumor suppressor genes. Smoking is not solely responsible for
bladder and LCs. Due to the lack of genetic information in our
database, we could not analyze the impact of genetic factors on
this patient population. Lastly, while this is a population-based
study with a high number of participating centers and patients,
increasing the strength of the study, our results may not be
generalizable because all participating centers were referral
centers in their region and across Turkey.

Conclusion

In conclusion, this population-based registry study in patients with
BC revealed the presence of smoking history (active or former)
in almost two-thirds of patients in both BC and BLC groups,
which was associated with more advanced clinicopathological
characteristics at diagnosis and poor oncological outcomes
in both BC and BCL groups. The association of smoking with
poor prognostic factors and mortality was more marked in the
BLC group than in the BC group, whereas the postoperative
recurrence, metastasis, and mortality rates remained high even
after smoking cessation in both the BC and BLC groups. Tobacco
smoking is a common risk factor for both bladder and LCs. If
survivors of one of these cancers continue to smoke, the risk of
developing another cancer is high. Patients with BC who smoke
have adverse pathological outcomes, worse treatment response,
and lower survival rates. Therefore, healthcare providers should
counsel cancer patients regarding the importance of smoking
cessation.
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