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Abstract

Introduction: The nonmuscle invasive bladder cancer treated with BCG instillations in patients who smoke could potentially lead to
poorer oncological results in the light of the new EAU risk groups classification for NMIBC that did not include BCG treated patients or
smoking status.

Patient and Methods: Outcomes from 1313 patients with nonmuscle invasive bladder cancer treated with TURBT, re-TURBT and
BCQG instillations at 13 academic hospital centers, since 2002, has been included in this retrospective study. The study variables, including
cumulative smoking exposure have been analyzed. A multivariable Cox proportional hazard model was used to assess associations between
smoking variables and disease progression and repeated in the EAU high risk and very high-risk group. The statistical significance threshold
was set at 0.05, and the statistical analysis was performed using Stata/SE version 17 (StataCorp, College Station, TX, USA).

Results: Cox regression analysis revealed in 1313 patients diagnosed with T1G3 NMIBC that patients with a history of heavy and long-
term smoking faced a more than twofold increased risk of disease progression compared to nonsmoker patients (HR 2.35; 95% CI: 1.7-3.2; P
< 0.01) and a significantly poorer PFS for patients with a history of heavy long-term smoke exposure (P < 0.01). Patients with heavy long-term
smoking exposure according to the EAU21 high-risk group had a PFS comparable to very high-risk patients and high-risk patients with heavy
long-term smoking exposure showed a higher risk of progression when compared to the high-risk group (HR 1.4; 95% CI: 1.3-1.6; P < 0.01).

Conclusions: This study adds valuable information on the relationship between smoking and the progression of NMIBC and BCG ther-
apy. The findings emphasize the need for healthcare providers to consider a patient’s smoking history when managing NMIBC and express
the need for individualized smoking cessation counseling and individualized treatment approach. © 2024 Elsevier Inc. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.
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1. Introduction

Nonmuscle invasive bladder cancer (NMIBC) is a com-
plex and clinically challenging malignancy, known for its
high recurrence and progression rates [1]. Over the years, a
big effort has been made to enhance our understanding of
factors impacting NMIBC outcomes and to identify varia-
bles that affect patient prognosis [2—4]. Among these fac-
tors, the role of smoking and smoking habits is pivotal [5].

Smoking, a well-established public health concern, has
long been associated with numerous adverse health out-
comes, including various types of cancer. In the case of
bladder cancer (BC), multiple studies consistently reveal a
strong link between smoking and disease development [6].
Carcinogens present in cigarette smoke, such as aromatic
amines and polycyclic aromatic hydrocarbons, accumulate
in the bladder, causing direct damage to the urothelial lining
and potentially triggering cancerous growth [2].

However, smoking’s influence extends beyond initiating
BC; it significantly impacts the disease’s natural history, mak-
ing patient’ smoking status assessment a crucial consideration
in the context of NMIBC treatment and follow-up [7].

Intravesical instillation with Bacillus Calmette Guerin
(BCG) serves as the gold standard adjuvant therapy in high-
risk NMIBC patients following Transurethral Resection of
the Bladder Tumor (TURBT) to reduce the risk of recur-
rence [1]. BCG’s mechanism of action involves immune
system stimulation, triggering an inflammatory response
[8]. This response includes the release of pro-inflammatory
cytokines that attract cytotoxic immune cells such as neu-
trophils, monocytes, CD4+ and CD8+ T cells, B cells, mac-
rophages, and natural killer cells [9,10].

Some authors have suggested that smoking may dimin-
ish the effectiveness of BCG therapy, by modulating cyto-
kine activity and reducing the response of B- and T-cells,
the activation of natural killer cells, potentially increasing
the risk of disease recurrence and progression [11,12].

Recently, the European Association of Urology (EAU)
Guidelines Panel revised the risk groups classification for
NMIBC, establishing 4 distinct risk groups (namely, low
[LR], intermediate [IR], high [HR], and very high [VHR]
risk) based in the risk of progressing to Muscle Invasive
Bladder Cancer (MIBC)[13]. Nevertheless, the newly
developed scoring system was formulated by examining
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data exclusively from patients who did not undergo BCG
intravesical therapy [14,15]. In addition, smoking status
and habits were not included in this classification.

The objective of this study was to further clarify the
effects of smoking status, quantity, duration, and cumula-
tive exposure on disease progression in primary NMIBC
patients treated with TURBT and adjuvant intravesical
BCG therapy, within the framework of the new EAU
NMIBC prognostic factor risk groups.

2. Patients and methods

This retrospective multicenter study included a total of
1313 patients who had undergone TURBT and were diag-
nosed with T1G3 NMIBC at 13 healthcare centers and
research institutions since January 1, 2002. All patients
underwent repeat Transurethral Resection (re-TURBT)
(within 2-6 weeks), followed by intravesical BCG instilla-
tions, according to EAU NMIBC guidelines. The BCG
course included a weekly induction regimen for 6 weeks,
followed by 3 weekly instillations at 3 and 6 months, and
subsequently every 6 months for up to 3 years, according to
the so-called Southwest Oncology Group (SWOG) scheme
[16]. Tumor grade was assessed in accordance with the
WHO 1973 grading system. Cystoscopy surveillance sched-
ules were standardized across all providers, adhering to
available NMIBC guidelines [1].

The study variables collected within our dataset encom-
passed patient demographics, tumor stage, grade, size, and
multifocality, along with the presence of concurrent Carci-
noma in Situ (CIS) and Lymphovascular Invasion (LVI).
Additional variables related to smoking history included
smoking status (never smoked, former smoker, or active
smoker), smoking duration (in years), pack-year count, and
the number of cigarettes smoked per day (CPD) defined as an
estimate of the average during the years the patient smoked.
Cumulative smoking exposure was categorized, according to
prior studies, as light (<19 CPD & <19 years of smoking), or
heavy (>19 CPD and >19 years of smoking), with all other
cases considered as moderate exposure [11].

The primary endpoint of this study was to assess the
association between smoking and disease progression,
defined as the diagnosis of MIBC or distant metastasis dur-
ing follow-up. All survival outcomes were measured from
the date of the first TURBT; patients were censored at the
last follow-up when they were known to be free from the
event or at the time of death.

Subsequently, we conducted an exploratory analysis,
considering individuals classified as Heavy Long-term
Smokers and defined HR as per the EAU21 guidelines in
the VHR group.

Descriptive statistics were employed to summarize the
study cohort. Categorical variables were analyzed using
Pearson’s chi-square test or Fisher’s exact test, while con-
tinuous variables were tested using the Wilcoxon rank-sum
test. The median follow-up duration for the study was

determined using the reverse Kaplan-Meier method. Sur-
vival estimates were calculated using the Kaplan-Meier
method. A multivariable Cox proportional hazard model
was used to assess associations between smoking variables
and disease progression. The multivariable models were
adjusted for the following covariates: multifocality, size >
3cm, concomitant CIS, gender, and age. The analyses were
repeated in the EAU high risk (HR) and very high-risk
(VHR) group. The statistical significance threshold was set
at 0.05, and the statistical analysis was performed using
Stata/SE version 17 (StataCorp, College Station, TX,
USA).

3. Results

The data from a total of 1313 patients diagnosed with
T1G3 NMIBC were included in the analysis.

Detailed clinical and pathological characteristics are pre-
sented in Table 1, The proportion of patients who com-
pleted the BCG maintenance therapy regimen in our cohort
was 29%. Over a median follow-up period of 50 months
(IQR 41-75 months), 344 patients experienced disease pro-
gression to MIBC or metastatic disease. Furthermore, 158
patients died of all causes of death, including 65 who spe-
cifically died due to bladder cancer.

Table 1
Demographics and tumor characteristics of included patients (N = 1313).

Overall Population (N =1313)

Age at surgery, median (IQR) 70 (65, 77)
Gender, n (%)

Male 1067 (81)
Focality, n (%)

Multifocal 555 (42)
Tumor Size, n (%)

>3 cm 835 (64)
Concomitant CIS, n (%)

Yes 199 (15)
LVI, n (%)

Yes 209 (16)
EAU Risk Group, n (%)

High Risk 840 (64)

Very-High Risk 473 (36)
Smoking status, n (%)

Never 376 (29)

Former 380 (29)

Active 557 (42)
Smoke load, pack-year, median (IQR) 15 (9, 30)
Smoking duration, years, median (IQR) 25 (15, 35)
Cigarettes per day, median (IQR) 12 (10, 20)
Cumulative smoke exposure

Non Smoker 376 (29)

Light short term Smoker 232 (18)

Moderate Smoker 450 (34)

Heavy Long term Smoker 255 (19)

CIS: Carcinoma in situ, LVI: lymphovascular invasion; EAU: European
Association of Urology, IQR: Interquartile range.
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Table 2

Cox regression models analysis for time to progression to MIBC or metastasis in all patients, and stratified by EAU risk groups.

All patients HR VHR

Characteristic HR 95% CI P-value HR 95% C1 P-value HR 95% C1 P-value
Smoking status

Never Ref Ref Ref

Former 1.55 1.14-2.10 0.005 1.55 1.01-2.35 0.041 1.49 0.94-2.38 0.087

Active 1.46 1.10—1.94 0.008 1.58 1.1-2.27 0.013 1.25 0.79—-1.96 0.336
Packs year 1.01 1.01-1.02 <0.01 1.02 1.01-1.02 <0.01 1.01 1-1.01 <0.01
Year of smoking 1.01 1-1.02 <0.01 1.02 1.01—-1-02 <0.01 1.01 0.99—1.02 0.086
Cigarettes per day 1.02 1.01—-1.03 <0.01 1.02 1.01-1.04 <0.01 1.02 1-1.03 <0.01
Cumulative Smoke Exposure

Non smoker Ref Ref Ref

Light short term Smoker 1.14 0.8—1.6 0.452 1.10 0.68—1.79 0.680 1.14 0.69—1.90 0.597

Moderate Smoker 1.30 0.97-1.7 0.078 1.34 0.90—-2 0.145 1.23 0.77—1.96 0.368

Heavy Long term Smoker 2.35 1.7-3.2 <0.01 2.50 1.67-3.7 <0.01 2 1.20—3.33 0.007

CI: confidence interval; HR, hazard ratio; HR: High risk; VHR: Very-High risk.
Each variable was calculated from a single multivariable model adjusted for multifocality, size > 3cm, concomitant CIS, gender, and age.

Cox regression analysis revealed an increased risk of dis-
ease progression for active and former smokers compared
to patients who had never smoked (HR: 1.46; 95% CI:1.10
—1.94; P=0.008 and HR: 1.55; 95% CI: 1.14-2.10;
P =0.005) (Table 2).

However, this relationship was not consistently observed
when focusing solely on the VHR group

(HR: 1.25; 95% CI: 0.79—1.96; P =0.336 and HR: 1.49;
95% CI: 0.94—2.38; P =0.087).

The variables of pack/years, years of smoking, and the
number of cigarettes smoked per day exhibited statistically
significant associations with the risk of disease progression
within the entire cohort (HR:1.01; 95% CI: 1.01-1.02; P <
0.01; HR: 1.01; 95% CI:1-1.02; P < 0.01 and HR:1.02;
95% CI:1.01—1.03; P < 0.01). Each variable was calculated

from a single multivariable model adjusted for multifocal-
ity, size > 3cm, concomitant CIS, gender, and age.

When stratifying patients according to cumulative
smoke exposure, the Cox regression analysis revealed that
patients with a history of heavy and long-term smoking
faced a more than twofold increased risk of disease progres-
sion compared to nonsmoker patients (HR 2.35; 95% CI:
1.7-3.2; P < 0.01)

Notably, this association persisted even when the data
were dissected to separately examine the HR and VHR sub-
groups (HR 2.5; 95% CI: 1.67-3.7; P < 0.01 and HR 2;
95% CI: 1.2-3.3; P =0.007).

As shown in Fig. 1, Kaplan-Meier curves demonstrated a
significantly poorer PFS for patients with a history of heavy
long-term smoke exposure (P < 0.01).

Kaplan—Meier survival estimates

Time, months

284 107 61 28
139 74 45 28
222 111 53 35
116 34 20 12
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Number at risk
Non smoker 376 370
Light short term Smoker 232 229
Moderate Smoker 450 430
Heavy Long term Smoker 255 230
— Non smoker

— Moderate Smoker

— Light short term Smoker
— Heavy Long term Smoker

Fig. 1. Kaplan—Meier curves for progression-free survival stratified by smoking exposure.
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Table 3
Estimated Kaplan-Meier Survivor Function for progression-free survival according to cumulative smoke exposure in all patients stratified by EAU risk
groups.
Variables Progression free survival in months, % (95% CI)
12 36 60
All patients Non smoker 99 (98—100) 98 (95-99) 80 (75—85)
Light short term smoker 99 (96—99) 95 (91-97) 76 (69—82)
Moderate smoker 96 (94—98) 92 (89—94) 73 (69—-78)
Heavy long term smoker 91 (87—94) 86 (81-90) 57 (49—-64)
High Risk Non smoker 99 (97-99) 98 (96—99) 84 (78—89)
Light short term smoker 98 (93—-99) 96 (91-98) 79 (69—86)
Moderate smoker 96 (93-98) 93 (90—96) 78 (71-83)
Heavy long term smoker 94 (88—97) 89 (83-93) 56 (45—65)
Very High Risk Non smoker 99 (93-99) 96 (90—98) 70 (57—-80)
Light short term smoker 100 94 (87—-97) 72 (61-81)
Moderate smoker 96 (92—-98) 90 (85—94) 66 (57—74)
Heavy long term smoker 86 (78—92) 81 (72—88) 58 (45—-70)

Estimated Kaplan—Meier Survivor Function for progression-free survival according to cumulative smoke exposure in all patients stratified by EAU risk

groups.

The PFS rates at 1, 3, and 5 years were 99% (95% CI:
98-100%), 98% (95% CI: 95-99%), and 80% (95% CI: 75-
85%) for nonsmokers, while heavy long-term smokers
exhibited rates of 91% (95% CI: 87-94%), 86% (95% CI:
81-90%), and 57% (95% CI. 49-64%) at the same time
intervals (Table 3).

A total of 158 patients with Heavy Long-term smoking
exposure belonged to the EAU21 high-risk group. In the
exploratory Kaplan-Meier analysis, these patients exhibited
a PFS comparable to VHR patients (see Supplementary
Fig. 1). Notably, high-risk patients with Heavy Long-term
smoking exposure showed a higher risk of progression
when compared to the High-Risk group (HR 1.4; 95% CI:
1.3—1.6; P < 0.01), but not when compared to the VHR
group (HR 1.3;95% CI: 0.9—1.7; P=0.1)

4. Discussion

The presented study aimed to investigate the impact of
smoking on progression in NMIBC patients treated with
TURBT and adjuvant BCG therapy, within the context of
the EAU NMIBC prognostic factor risk groups. The results
highlight the significant association between smoking and
the risk of disease progression, particularly in patients with
a history of heavy and long-term smoking.

In particular, the study revealed that both active and for-
mer smokers exhibited a higher risk of disease progression
compared to never smokers shedding light on how smoking
habits continue to affect patient outcomes after high risk
and very high risk NMIBC diagnosis.

Furthermore, patients with a history of heavy and long-
term smoking faced a 2-fold increased risk of disease pro-
gression, a significant finding that underscores the potential
dose-response relationship between smoking and NMIBC
progression. Importantly, this relationship was observed
across risk groups, including those at VHR.

This suggests that smoking may be a particularly crucial
factor in influencing disease progression in the highest-risk
NMIBC patients who are more likely to experience a more
aggressive course of the disease.

The results of our study are in line with a substantial
body of existing literature, which collectively underscores
the multifaceted relationship between smoking and BC out-
comes.

Al Hussein Al Awamlh et al. reported a significant asso-
ciation between ever-smoking and BC mortality (HR:
1.92; 95% CI, 1.25-2.97) [17]. Furthermore, the study
highlighted the importance of the age of first exposure to
smoking since starting to smoke during teenage years and
smoking at home were both associated with BC-specific
mortality, underscoring the significance of early smoking
habits and environmental factors, which echo the complexi-
ties of smoking’s influence on BC progression observed in
our study [17].

Several studies have evaluated the impact of smoking on
the risk of disease recurrence [7,12,18—24].

Most studies have shown that smoking status (never
smoker vs former vs active smoker) is statistically associ-
ated with disease recurrence.

In addition, some authors have attempted to investigate
cumulative exposure to smoking [7,19,21,22]. One of the
main limitations of these analyses is the lack of consistency
in reporting and analyzing this data. Generally, the categori-
zation of smoking exposure was based on considering the
number of cigarettes or packs smoked per day and the dura-
tion of smoking.

Usually, the pack/year measure, defined as the average
number of packs smoked per day multiplied by the number
of years of smoking, has been used to investigate cumula-
tive smoke exposure. However, this definition assumes that
both variables have the same influence, and this assumption
has been questioned by some recent studies [25].
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Interestingly, van Osch et al. showed that long-duration,
low-intensity smoking poses a greater risk for BC than
short-duration, high-intensity smoking within equivalent
pack-year categories suggesting that assessing smoking his-
tory with only 1 parameter (e.g. pack year) can be restric-
tive [26].

In the current study, we observed that variables such as
pack/years, years of smoking, and the number of cigarettes
smoked per day exhibited statistically significant associa-
tions with the risk of disease progression, further substanti-
ating the notion that all these smoking-related factors
contribute to the progression of NMIBC.

We assessed cumulative smoking exposure by dividing
patients into 4 groups based on the combination of the num-
ber of daily cigarettes and years of smoking exposure. As
expected, the group of heavy smokers (>19 cigarettes per
day and >19 years of smoking) showed a significantly
higher risk of disease progression in both HR and VHR
patients.

Smoking has been shown to impact the oncological out-
comes of patients treated with BCG. Our study concurs
with the findings of Andrade et al., who revealed smoking’s
potential prognostic role in BCG-treated NMIBC patients
[27]. It should be noted that 29% of our cohort received a
full 3-year maintenance course. However, it is essential to
recognize that discontinuation of maintenance therapy may
result not only from disease progression but also from treat-
ment intolerance, mortality, or loss to follow-up. Given
these factors, we believe that this 29% figure accurately
reflects the proportion of patients from a real-world per-
spective.

Similarly, Rink et al. reported compromised BCG effi-
cacy among current smokers, leading to higher recurrence
rates compared to nonsmokers and former smokers [11].
These observations collectively suggest that smoking may
impair the efficacy of BCG treatment, emphasizing the
need for personalized approaches to NMIBC management
based on a patient’s smoking history. Thus, a tailored
counseling about smoking cessation has been advocated as
a crucial step to optimize treatment outcomes [28].

To the best of our knowledge, this is the first study that
assesses the impact of smoking on NMIBC patients treated
with BCG by stratifying them according to new risk groups.
However, it is essential to acknowledge some limitations of
this study.

Firstly, the study was retrospective, which means it is
subject to inherent biases and limitations, and the results
may be influenced by selection bias, missing data, or con-
founding variables not accounted for in the analysis such as
the lack of data about histological subtypes [29].

Secondly, the study included a diverse group of patients
from multiple healthcare centers, which might have intro-
duced heterogeneity in follow-up and treatment protocols
and data collection methods. While the authors have
attempted to standardize certain aspects of care, there may
still be variations that impact the results.

Furthermore, the potential for attrition bias should be
taken into account. The exclusion of participants due to
missing data may introduce bias into the analysis and
impact the generalizability of our findings.

Furthermore, the study primarily relied on self-reported
smoking histories, which can be subject to recall bias. Addi-
tionally, detailed data on changes in smoking habits over
time or the effects of smoking cessation on disease progres-
sion were not thoroughly explored.

Lastly, BCs a multifactorial disease, with various risk
factors, such as occupational exposure to carcinogens and
genetic predisposition, were not comprehensively consid-
ered in this study. Understanding the interplay between
these factors and smoking could provide a more holistic
view of disease progression.

5. Conclusion

In conclusion, this research provides valuable insights
into the relationship between smoking and the progression
of NMIBC, particularly in the context of BCG therapy. The
findings emphasize the need for healthcare providers to
consider a patient’s smoking history when managing
NMIBC and suggest that tailored approaches may be neces-
sary for those with heavy and long-term smoke exposure in
addition to proper consultation for smoking cessation.
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