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Abstract

Purpose To evaluate the impact of tobacco smoking on
specific histological subtypes of transitional cell carcinoma
of the bladder (TCC).

Methods Between 2003 and 2009, we conducted a hos-
pital-based case-control study in Italy, enrolling 531 inci-
dent TCC cases and 524 cancer-free matched patients.
Odds ratios (OR) and corresponding 95% confidence
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intervals (CI) were estimated through multiple logistic
regression models.

Results Compared to never smokers, TCC risk was three-
fold higher in former smokers (95% CI 2.07—4.18) and more
than sixfold higher in current smokers (95% CI 4.54-9.85).
TCCrisk steadily increased with increasing intensity (OR for
>25 cigarettes/day 8.75; 95% CI 3.40-22.55) and duration of
smoking (OR for >50 years 5.46; 95% CI 2.60-11.49). No
heterogeneity emerged between papillary and non-papillary
TCCs for smoking intensity and duration, but the risk for
those who had smoked for >50 years was twice for non-
papillary TCC (OR 10.88) compared with papillary one (OR
4.76). Among current smokers, the risk for a 10-year increase
in duration grew across strata of intensity (p-trend = 0.046).
Conversely, the risk for a 5-cigarette/day increase in smok-
ing intensity was quite steady across strata of duration (p-
trend = 0.18).

Conclusions Study results suggested that duration of
smoking outweighs intensity in determining TCC risk, with
limited differences across histological subtypes. Elimina-
tion of tobacco smoking may prevent about 65 % of TCCs.

Keywords Tobacco smoking - Transitional cell
carcinoma - Papillary - Bladder - Risk

Introduction

Bladder cancer is the 4th most frequent cancer diagnosed in
European men, accounting for approximately 105,000 new
cases each year. This cancer is less frequent in women,
with approximately 30,000 new cases each year [1]. Over
90 % of bladder cancers are transitional cell carcinomas
(TCCs) [2], and the majority of them show papillary fea-
tures, especially in the noninvasive types [3].
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Tobacco smoking is recognized as a major risk factor for
TCC [2, 4, 5], being responsible of about half cases in both
men and women [5]. TCC risk is generally threefold to
fivefold higher in heavy smokers compared with never
smokers, with a clear dose-response relationship for
intensity [4]. A plateau in risk at approximately 20 ciga-
rettes/day has also been reported in a pooled analysis of 11
case—control studies conducted in Europe [6]. Smoking
duration is also strongly associated with TCC risk [4], with
risks more than fivefold higher in long-lasting smokers than
in never smokers [4, 7, 8]. Although the majority of the
studies focused on smoking intensity, rather than in dura-
tion [4], the results of a pooled analysis suggested that
smoking duration is the over-riding factor in determining
the risk of bladder cancer [6].

Tobacco smoking has been consistently associated to
TCC invasiveness and grading [9-12]. These tumor char-
acteristics strongly correlate with the papillary feature,
which is crucial in the TNM classification to classify
noninvasive TCCs into Ta or Tis. No previous studies
investigated the impact of tobacco smoking on different
TCC histological subtypes. Therefore, we analyzed the
association between smoking habits and TCC risk using
data from an Italian case—control study, focusing on pap-
illary and non-papillary subtypes.

Materials and methods

Between 2003 and 2009, we conducted a case—control
study on TCC within an established network of collabo-
rating centers, including Aviano and Milan in northern
Italy, and Naples and Catania in southern Italy [13]. Cases
were 531 consecutive patients, aged 25-80 years (median
age: 67 years), with incident TCC admitted to major gen-
eral hospitals in the study areas. Nearly all TCCs (n = 528,
99.4 %) were confirmed by histological testing on tumor
tissue specimen from biopsy or surgery: 391 (74.0 %) of
them showing papillary features (Table 1). Three addi-
tional TCCs were confirmed by cytology only, thus
excluded from the analyses by histological subtypes.
Overall, 232 TCCs (43.7 %) were noninvasive (i.e., TNM
pTis/Ta), and 261 (49.2 %) were well or moderately dif-
ferentiated (Table 1).

The control group included 537 persons frequency-
matched to cases by study center, sex, and 5-year age
groups. Thirteen controls were excluded after enrollment
because not fulfilling study criteria, thus leaving 524 eli-
gible controls (median age: 65 years; range 26-83 years).
They were patients admitted to the same network of hos-
pitals of cases for a wide spectrum of acute, non-neoplastic
conditions unrelated to tobacco and alcohol consumption,
to known risk factors for bladder cancer, or to conditions
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associated with long-term diet modification. Overall,
31.5 % of controls were admitted for traumatic disorders,
26.7 % for non-traumatic orthopedic disorders, 29.8 % for
acute surgical conditions, and 12.0 % for miscellaneous
other illnesses. All study subjects signed an informed
consent, according to the recommendations of the Board of
Ethics of the study hospitals.

Trained interviewers administered a structured ques-
tionnaire to both cases and controls during their hospital
stay, thus keeping the refusal rate below 5 %. The ques-
tionnaire collected information on socio-demographic
factors, lifestyle habits, diet in the 2 years before diagnosis/
interview, anthropometric measures 1 year prior to diag-
nosis/interview and at 30 and 50 years of age, problem-
oriented medical history, and family history of cancer.
Two-specific sections investigated lifetime occupational
exposure and exposure to chemicals known (or suspected)
to be related to bladder cancer, including the use of hair
dyes. Information on smoking included lifetime status (i.e.,
never, former, or current smoker), daily number of ciga-
rettes/cigars and grams of tobacco pipe smoked, age at
starting, duration of the habit, and age at stopping for
former smokers. In our computations, 1 g of pipe-smoked
tobacco corresponded to one cigarette, and one cigar to
three cigarettes. We considered smokers those who had
smoked at least one cigarette/day for at least 1 year. For-
mer smokers were defined as smokers who had abstained
from cigarette smoking for at least 12 months before
interview. The validity and reproducibility of questions on
self-reported smoking habits were satisfactory [14].

Odds ratios (ORs) and the corresponding 95% confi-
dence intervals (ClIs) were calculated by means of uncon-
ditional logistic regression models, including terms for
study center, sex, 5-year age groups, and years of education
(i.e., <7, 7-11, =12) [15]. ORs for smoking intensity were
adjusted for duration, and ORs for duration, age at starting,
and time since quitting were adjusted for intensity. Further
adjustments for main occupation, body mass index 1 year
prior to diagnosis/interview, or alcohol drinking habits did
not substantially modify the results. The test for trend was
based on the likelihood-ratio test between the models with
and without the linear term reporting the median values in
each strata of the variable of interest. Percent attributable
risks (PAR) were computed using the distribution of risk
factors among TCC cases [16].

Results

Cigarette smoking was more frequent among TCC patients
(87.4 %) than among controls (64.9 %; Table 2). Com-
pared to never smokers, the risk of TCC was increased by
approximately threefolds (95% CI 2.07-4.18) in former
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Table 1 Distribution of 531

o Controls All TCCs Histological subtype®
cases of transitional cell (n = 524) (n = 531)
carcinoma (TCC) of the bladder Non-papillary Papillary TCCs
and 524 controls according to TCCs (n = 137) (n = 391)
socio-demographic and tumor
characteristics, by histological (%) n (%) n (%) n (%)
subtype Sex
Men 434 (82.8) 457 (86.1) 120 (87.6) 334 (85.4)
Women 90 (17.2) 74 (13.9) 17 (12.4) 57 (14.6)

Age (years)
<55
55-59
60-64
65-69
70-74
>75

Education (years)
<7
7-11
>12

Primary tumor
Talis
T1
T2-T4

Unknown®

Italy, 2003-2009 Grading

? Histological subtype was not
available for three TCCs
confirmed through cytology

Well/moderately differentiated
Poorly diff./undifferentiated

Unknown®
" The information was not
available for 23 patients

x* heterogeneity = 0.40; p = 0.53

86 (164) 70 (132) 15  (11.0) 55 (14.1)
62 (11.8) 57 (107) 14  (10.2) 42 (10.7)
98 (187) 89 (168) 24  (17.5) 65  (16.6)

123 (235) 128 (24.1) 39  (28.5) 89 (22.8)
97 (185 116 (21.8) 29  (21.2) 86  (22.0)
58 (1L.1) 71 (134 16 (117 54 (13.8)

x2 heterogeneity = 0.08; p = 0.78

230 (43.9) 232 (437) 62  (453) 169  (43.2)
166 (317) 166 (31.3) 45 (3290 119  (30.4)
128 (244) 133 (25.1) 30 (2190 103  (26.3)

x> heterogeneity = 0.65; p = 0.42

232 43.7) 20 (14.6) 212 (54.2)

157 (296) 35 (255) 122 (31.2)

119 (24 79 (577 40 (10.2)
23 (43) 322 17 (4.4

% heterogeneity = 124.38; p < 0.01

261 (492) 16  (11.7) 243 (62.2)
247 (465 109  (79.6) 138  (35.3)
23 (43) 2 88 10 (2.6)

¥? heterogeneity = 97.71; p < 0.01

smokers and more than sixfolds (95% CI 4.54-9.85) in
current smokers. No heterogeneity emerged between men
(ORs 2.92 for former smokers and 6.91 for current smok-
ers) and women (ORs 3.73 and 6.19, respectively—data
not shown). Compared to controls, TCC cases reported to
have smoked more cigarettes/day (median intensity: 20.0
and 16.8 among cases and controls, respectively; p < 0.01)
and for longer periods (median duration: 39 and 31 years,
respectively; p < 0.01). Conversely, there was no differ-
ence in the age at starting smoking (median age: 18 among
both cases and controls; p = 0.48).

Among current smokers (Table 2), a steady increase in
TCC risk was seen with increasing smoking intensity up to
an OR of 8.75 (95% CI 3.40-22.55) for >25 cigarettes/day.
TCC risk was also positively associated with smoking
duration, with OR 5.46 (95% CI 2.60-11.49) for smokers
of >50 years compared with never smokers. No

heterogeneity in risk between papillary and non-papillary
TCCs emerged for intensity (p-heterogeneity = 0.77) and
duration (p-heterogeneity = 0.40). Nonetheless, the risk
for smokers of >50 years was doubled for non-papillary
TCCs (OR 10.88; 95% CI 3.31-35.79) compared with
papillary one (OR 4.76; 95% CI 2.19-10.34). Conversely,
age at starting smoking showed an inverse trend in risk for
non-papillary TCCs only (p-heterogeneity = 0.06).
Duration of smoking, but not intensity, was significantly
associated with TCC risk also in former smokers (Table 3).
Time since quitting smoking was inversely associated with
TCC risk, with ORs equal to 3.08 (95% CI 1.89-5.03) for
those who had stopped smoking <20 years prior to inter-
view and 2.09 (95% CI 1.25-3.51; p = 0.05) for those who
had quit for a longer time. No clear differences emerged
between the papillary and non-papillary subtypes (p-het-
erogeneity >0.05 for all exposures). Overall, 65.6 % of
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Table 2 Odds ratios (OR)* and corresponding 95% confidence interval (CI) for transitional cell carcinoma (TCC) of the bladder by histological

subtype, according to smoking habits among current smokers

Smoking habits Controls All TCCs OR (95% CI) Histological subtype
among Current (n = 524) (n = 531) - -
smokers Non-papillary TCCs (n = 137)  Papillary TCCs (n = 391)
n (%) n (%) n (%) OR (95% CI) n (%) OR (95% CI)
Smoking status
Never 184 (35.1) 67 (12.6) 1° 14 (10.2) 1° 53 (13.6) 1°
Former 229 (43.7) 244 (46.0) 294 (2.07-4.18) 69 (50.4) 3.78 (2.00-7.15) 173 (44.2) 2.70 (1.83-3.97)
Current 111 (21.2) 220 41.4) 6.69 (4.54-9.85) 54 (39.4) 7.81(3.99-15.27) 165 (42.2) 6.53 (4.28-9.96)
Intensity (cigarettes/day)™®
<10 18 3.4) 20 (3.8) 3.02 (1.21-7.50) 4 (29) 2.30(0.45-11.76) 16 (4.1) 3.21(1.22-8.44)
10-14 25 (4.8) 44 (8.3) 3.96 (1.65-9.50) 7 (5.1) 1.90 (0.40-8.90) 37 (9.5) 4.76 (1.89-12.02)
15-19 26 (5.0 51 9.6) 4.95 (2.00-12.25) 15 (10.9) 3.64 (0.75-17.53) 35 (9.0) 5.06 (1.94-13.24)
20-24 24 (4.6) 47 (8.9) 5.39 (2.20-13.24) 12 (8.8) 4.19 (1.00-17.64) 35 (9.0) 546 (2.11-14.15)
>25 18 34 54 (10.2) 8.75 (3.40-22.55) 15 (10.9) 8.34 (1.76-39.44) 39 (10.0) 9.33 (3.44-25.30)
x? for trend 17.70; p < 0.01 9.25; p < 0.01 15.81; p < 0.01

Duration (years)"

<30 20  (3.8) 27 5.1 3.35 (1.46-7.72)
30-39 28  (5.3) 47 (8.9) 4.27 (1.99-9.15)
40-49 40  (7.6) 75 (14.1) 4.07 (2.00-8.26)
>50 23 (4.4) 71 (13.4) 5.46 (2.60-11.49)
x? for trend 23.32; p < 0.01

Age at starting (years)d

>19 41 (1.8) 73 (137)  4.08 (2.19-7.60)
16-18 34 (6.5) 74 (13.9)  4.99 (2.42-10.29)
<16 36 (6.9) 73 (137) 470 (2.31-9.57)
x? for trend 0.34; p = 0.56

x? for heterogeneity = 0.09; p = 0.77

(29) 2.04 (0.49-8.50) 23 (59) 3.77 (1.57-9.07)
9 (6.6) 3.64 (1.07-12.34) 38 (9.7) 4.65(2.09-10.36)
18 (13.1) 3.95 (1.36-11.48) 56 (14.3) 4.28 (2.03-9.02)
23 (16.8) 10.88 (3.31-35.79) 48 (12.3) 4.76 (2.19-10.34)
15.68; p < 0.01 19.84; p < 0.01
y? for heterogeneity = 0.72; p = 0.40

12 (8.8) 3.32(1.18-9.31) 61 (15.6) 4.43 (2.32-8.45)
18 (13.1) 6.11 (2.01-18.52) 56 (14.3) 4.83 (2.26-10.30)
24 (17.5) 8.02 (2.77-23.19) 48 (12.3) 4.00 (1.87-8.55)
4.56; p = 0.03 0.02; p = 0.88
x? for heterogeneity = 3.61; p = 0.06

Italy, 2003-2009

#  Adjusted for sex, age, study center, and years of education
° The sum does not add up to the total because of some missing values
¢ ORs were further adjusted for smoking duration

9 ORs were further adjusted for smoking intensity

¢ Reference category

TCC cases (95% CI 56.6-74.5 %) were attributable to
tobacco smoking, and the fraction was higher for the non-
papillary (PAR = 71.4 %) than for the papillary subtype
(PAR = 63.6 %).

To evaluate the interaction between smoking duration
and intensity, we calculated the risk for an increase of
10 years in duration in separate strata of smoking intensity
(Fig. 1a). Among current smokers, the risk for duration
increased across strata of intensity, from 1.43 (95% CI
1.18-1.75) for <10 cigarettes/day up to 1.64 (95% CI
1.45-1.86) for >20 cigarettes/day (p = 0.046). An increase
in risk was seen among former smokers, but the trend was
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less pronounced (p = 0.09). Likewise, we calculated the
OR for an increase of 5 cigarettes/day in intensity in sep-
arate strata of smoking duration (Fig. 1b). Among current
smokers, the risk for intensity increased after 30 years of
smoking from 1.30 (95% CI 1.09-1.56) for <30 years up to
1.62 (95% CI 1.34-1.95) for duration 30-39 years,
remaining stable thereafter (p = 0.18). A similar trend was
observed among former smokers, but ORs were lower in
magnitude (p = 0.14).

Finally, we evaluated among current smokers whether
intensity and duration of tobacco smoking were associated
with tumor characteristics (Supplementary Table 1). On



Cancer Causes Control (2014) 25:1151-1158

1155

Table 3 Odds ratios (OR)* and corresponding 95% confidence interval (CI) for transitional cell carcinoma (TCC) of the bladder by histological

subtype, according to smoking habits among former smokers

Smoking habit Controls All TCCs OR (95% CI) Histological subtype

among Former (n = 524) (n = 531) - -

smokers Non-Papillary TCCs (n = 137) Papillary TCCs (n = 391)

n (%) n (%) n (%) OR (95% CI) n (%) OR (95% CI)

Intensity (cigarettes/day)b’C
<10 40 (7.6) 28 (5.3) 1.27 (0.66-2.45) 4 (29) 0.64 (0.16-2.60) 24 (6.1) 1.46 (0.72-2.94)
10-14 44 (8.4) 42 (7.9) 1.51 (0.78-2.96) 12 (8.0) 1.34 (0.39-4.60) 29 (74) 1.45(0.70-3.01)
15-19 44 (8.4) 41 (71.7) 1.40 (0.69-2.84) 15 (10.9) 1.32 (0.38-4.56) 26 (6.6) 1.33(0.61-2.94)
20-24 40 (7.6) 70 (13.2) 2.87 (1.52-5.42) 15 (10.9) 1.73 (0.53-5.71) 55 (14.1) 3.14 (1.57-6.26)
>25 56 (10.7) 61 (11.5) 1.56 (0.80-3.02) 22 (16.1) 1.88 (0.59-5.99) 39 (10.0) 1.30 (0.62-2.73)

x2 for trend

Duration (years)d

3.02; p = 0.08

2.81; p = 0.09 1.29; p = 0.26
X2 for heterogeneity = 0.47; p = 0.49

<20 68 (13.0) 35 (6.6) 1.51 (0.85-2.69) 6 (4.4) 0.96 (0.31-3.00) 29 (74) 1.65 (0.88-3.09)
20-29 61 (11.6) 47 (8.9) 224 (1.25-4.00) 15 (10.9) 2.82 (1.10-7.25) 32 (8.2) 2.08 (1.09-3.98)
30-39 54 (10.3) 83 (15.6) 3.95(2.24-6.96) 29 (21.2) 5.16 (2.09-12.73) 53 (13.6) 3.55 (1.89-6.65)
>40 46 (8.8) 79 (14.9) 4.14 2.30-7.47) 19 (13.9) 297 (1.14-7.75) 59 (15.1) 4091 (2.55-9.46)
¥? for trend 29.84; p < 0.01 11.62; p < 0.01 26.32; p < 0.01
x2 for heterogeneity = 0.06; p = 0.81
Age at starting (years)d
>19 86 (16.4) 96 (18.1) 2.79 (1.70-4.58) 32 (23.4) 3.63 (1.60-8.20) 64 (16.4) 2.55(1.48-4.41)
16-18 82 (15.6) 77 (14.5) 2.35(1.344.08) 15 (10.9) 1.53 (0.58-4.05) 61 (15.6) 2.75 (1.50-5.03)
<16 61 (11.6) 71 (13.4) 2.58 (1.42-4.68) 22 (16.1) 2.23 (0.87-5.75) 48 (12.3) 2.76 (1.43-5.30)
x? for trend 0.17; p = 0.68 1.70; p = 0.19 0.02; p = 0.88
x* for heterogeneity = 1.34; p = 0.25
Time since quitting (years)d
>20 106 (20.2) 94 17.7) 2.09 (1.25-3.51) 26 (19.0) 2.10 (0.87-5.04) 67 (17.1) 2.07 (1.17-3.67)
<20 123 (23.4) 150 (28.2) 3.08 (1.89-5.03) 43 (31.4) 3.27 (1.45-7.36) 106 (27.1) 3.12 (1.82-5.35)

X2 for trend

3.86; p = 0. 05

1.66; p = 0.20 3.51; p = 0.06
x* for heterogeneity = 0.01; p = 0.90

Italy, 2003-2009

* Computed using never smokers as reference and adjusted for sex, age, study center, and years of education

® The sum does not add up to the total because of some missing values

¢ ORs were further adjusted for smoking duration
9 ORs were further adjusted for smoking intensity

average, smoking for longer periods was significantly
associated with cancer invasiveness (mean duration:
40.5 years in stage 0a/Ois and 44.1 years in stages I-1V;
p = 0.03); similar results also emerged among former
smokers (mean duration: 31.0 years and 35.0, respectively;
p = 0.01). Likewise, longer smoking duration was asso-
ciated with poorly differentiated/undifferentiated TCC
(p < 0.01). Differences in smoking duration between
tumor stages and grading were consistent in 5-year age
groups, suggesting that the observed association might not
have been confounded by age (data not shown). Con-
versely, no clear patterns emerged for smoking intensity.

Discussion

The results of the present study confirmed and further
quantified the association between tobacco smoking and
bladder cancer risk, with approximately two-thirds of TCC
cases attributable to this exposure. More interestingly, our
study suggested that duration of tobacco smoking is a
major determinant of clinical features, with limited dif-
ferences between papillary and non-papillary subtypes.

In the present study, the association between tobacco
smoking and TCC risk was investigated separately for
former and current smokers, showing that current smokers
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Fig. 1 Odds ratios (ORs) and
corresponding 95% confidence
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had a twofold higher TCC risk than patients who had quit.
Although this difference was consistently reported by
previous studies [4, 5, 17, 18], few of them investigated
intensity and duration separately for former and current
smokers [5, 12, 17-20]. Generally, these previous studies
showed milder associations between TCC risk and intensity
among current smokers than the present study, with risks
twofold-to-fivefold higher among smokers of >20 ciga-
rettes/day compared with never smokers. Study popula-
tions could, however, have differed in several aspects of
smoking habits which may have impacted on TCC risk,
including duration of the smoking, age at beginning, tar
yield, and use of filters.

In our investigation, age at starting smoking and, pos-
sibly, long duration seemed to have had a greater impact
among current smokers on the non-papillary TCCs than on

@ Springer

Duration (years)

the papillary ones. Papillary features have been scarcely
investigated in etiological studies on TCC, focusing on
other clinical tumor characteristics [10]. A previous study
by Jiang and colleagues [11] reported that muscle-invasive
bladder cancer had a twofold stronger association than the
low-grade superficial one with smoking intensity and
duration. Our results are somewhat overlapping consider-
ing that 57.2 % of non-papillary TCCs were muscle inva-
sive and 60.0 % of papillary TCCs were low-grade
superficial tumors. Similarly, an early SEER study [12]
reported a significant association between smoking inten-
sity and cancer invasiveness.

In the present study, TCC risk for duration of smoking
increased across strata of intensity, whereas risks for
intensity were stable across strata of duration. Consistent
with previous studies, these results suggest that duration of
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smoking had a prominent role compared with intensity in
TCC etiology. In previous studies, results on combined
exposure to smoking intensity and duration generally
showed a marked increase for duration in strata of intensity
but not for intensity in strata of duration [6-8, 21, 22],
supporting the hypothesis that duration is the predominant
risk factor for TCC. More recently, a case—control study in
the USA. [8] reported that for an equivalent total exposure
(as measured by pack-years), smoking at a lower intensity
for a longer period is more harmful than smoking at higher
intensity for a shorter period. This effect was seen also for
other tobacco-related cancers, including those of lung, oral
cavity, and pancreas [23].

These results couple with the well-known model of
tobacco-related carcinogenesis in lung cancer [4, 24],
which could be applied to other tobacco-related cancers
with adaptation in specific details [25]. In this model, the
key aspect is the long-lasting exposure of DNA to tobacco
carcinogens. These can be metabolized to produce inter-
mediates that react with DNA-forming DNA adducts.
Chronic tobacco exposure facilitates the persistence of
DNA adducts to reparation by cellular repair enzymes as
well as the escape of mutated DNA to removal by apop-
tosis [25]. In our study, TCC cases smoked, on average, for
37.2 years and longer smoking duration, but not higher
intensity, was associated with cancer invasiveness. These
results are in accordance with the model proposed by Hecht
[24], which hypothesizes that cancer development needs
approximately 30 years of chronic exposure to tobacco
smoking.

The lack of biological samples to investigate genetic
susceptibility is a potential limitation of the present study.
Several studies demonstrated that polymorphisms in N-
acetyltransferases and in DNA repair genes interact with
tobacco smoking on bladder cancer carcinogenesis [26,
27]. Some of these gene polymorphisms have been repor-
ted to interact with both smoking intensity and duration
[27]. Their effect in tobacco smokers is generally limited in
magnitude (<1.5 fold between favorable and unfavorable
genotypes) and the frequency of mutated genes is below
15 % [26, 27]. The lack of these data, however, had limited
impact on study findings. The results of this study, indeed,
were likely average estimates between the effect in
smokers with and without the unfavorable genotype. Other
potential limitations of this study design comprise recall
bias. Although cases may have recalled their smoking
habits differently than controls, awareness of any particular
smoking and alcohol consumption hypothesis in bladder
cancer etiology was limited in the Italian population, at the
time of the study. Furthermore, the questionnaire was
administered to cases and controls by the same interview-
ers under similar conditions in a hospital setting, thus
minimizing information bias. The possible presence of

selection bias may hinder results. However, cases and
controls were enrolled from the same hospitals catchment
areas, and careful attention was paid to exclude from the
control group subjects admitted for any condition related to
the exposures under study, including tobacco smoking. On
the other hand, our findings were strengthened by the
nearly complete participation of identified cases and con-
trols and by the use of a validated questionnaire [14].
Finally a drawback related to the sample size should be
stressed as it may have not guaranteed sufficient power for
the evaluation of heterogeneity of associations across
strata.

The findings from the present study on TCC risk further
support the conclusions from previous studies [6, 8, 23],
showing that duration of smoking predominates on inten-
sity in determining TCC risk, with limited differences
across histological subtypes. These results suggest that the
reduction of the amount of cigarettes smoked is not suffi-
cient to prevent cancer onset, but smoking cessation should
be the goal of anti-smoking interventions.
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