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Abstract

Purpose—Tobacco smoking and occupational exposures are the leading risk factors for
developing urothelial bladder carcinoma (UBC), yet little is known about the contribution of these
two factors to risk of UBC recurrence. We evaluated whether smoking status and usual adult
occupation are associated with time to UBC recurrence for 406 patients with muscle-invasive
bladder cancer submitted to The Cancer Genome Atlas (TCGA) project.

Methods—Kaplan-Meier and Cox proportional hazard methods were used to assess the
association between smoking status, employment in a high-risk occupation for bladder cancer,
occupational diesel exhaust exposure, and 2010 Standard Occupational Classification (SOC) group
and time to UBC recurrence.

Results—Data on time to recurrence was available for 358 patients over a median follow-up time
of 15 months. Of these, 133 (37.2%) experienced a recurrence. Current smokers who smoked for
more than 40 pack-years had an increased risk of recurrence compared to never smokers (HR 2.1,
95% CI 1.1, 4.1). Additionally, employment in a high-risk occupation was associated with a
shorter time to recurrence (log-rank P=0.005). We found an increased risk of recurrence for those
employed in occupations with probable diesel exhaust exposure (HR: 1.8, 95% CI 1.1, 3.0) and for
those employed in production occupations (HR: 2.0, 95% CI 1.1, 3.6).
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Conclusions—These findings suggest smoking status impacts risk of UBC recurrence, although
several previous studies provided equivocal evidence regarding this association. In addition to the
known causal relationship between occupational exposure and bladder cancer risk, our study
suggests that occupation may also be related to increased risk of recurrence.

Keywords

bladder cancer; recurrence; occupation; smoking status; diesel exhaust

INTRODUCTION

Tobacco smoking and occupational exposures are the leading risk factors for urothelial
bladder carcinoma (UBC) incidence. Smoking accounts for about 50% of bladder cancer
cases in both men and women in the U.S. [1]. Following smoking, occupational exposures
are the second most important risk factor for UBC, with up to 25% of all cases being
attributed to these exposures [2]. Occupational groups that have been linked to increased
incidence of UBC include dyestuffs workers, aromatic amine manufacturing workers,
painters, aluminum workers, and drivers of trucks and other motor vehicles [3].

Little is known about the contribution of smoking and occupational exposures to the risk of
UBC recurrence. A recent meta-analysis of the evidence for smoking found that both
smoking status and pack-years appear to have an effect on disease prognosis (in terms of
recurrence and progression) in patients with non-muscle invasive bladder carcinoma
(NMIBC) [4]. In contrast, the studies that include patients with muscle-invasive bladder
carcinoma (MIBC) had equivocal results about the association of smoking with disease
recurrence [4]. We are not aware of any studies that have evaluated the impact of occupation
or specific occupational exposures on risk of recurrence.

UBC is highly recurrent and costly to treat, making research into possible risk factors for
recurrence an important public health priority. The objective of our study is to evaluate
whether smoking status and usual adult occupation are associated with time to UBC
recurrence for patients with muscle-invasive bladder cancer in The Cancer Genome Atlas
(TCGA) project.

MATERIALS AND METHODS

Study Population

There were 406 muscle-invasive bladder cancer cases, diagnosed between 2010-2014,
included in The Cancer Genome Atlas project (TCGA) (https://tcga-data.nci.nih.gov/,
accessed 06/05/2015). Patients included in TCGA were those who underwent surgical
resection with either transurethral resection of the bladder (TURB) or radical cystectomy
(RC). No patients received prior chemotherapy or radiotherapy treatment for their disease,
although prior intravesical Bacille Calmette Guerin (BCG) was allowed. Of 406 unique
records, 358 cases had data on recurrence and time to recurrence. Recurrence was defined as
first new tumor event: locoregional recurrence or distant metastasis. Subjects were censored
at date of first recurrence after follow-up. Those who did not experience recurrence were

Cancer Causes Control. Author manuscript; available in PMC 2017 December 01.


https://tcga-data.nci.nih.gov/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wilcox et al. Page 3

censored at last known follow-up date or date of death. A total of 133 patients had a
recurrence, while 225 patients did not have a recurrence.

Exposure Assessment

Smoking status was assessed by patients’ self-reported smoking history as either: “lifelong
non-smoker (<100 cigarettes smoked in lifetime)”, “current smoker (includes daily and non-
daily smokers)”, “current reformed smoker for >15 years”, “current reformed smoker for
<15 years”, “current reformed smoker (duration not specified)”, or “smoking history not
documented”. For current and former smokers, additional questions were asked to determine
age of onset of tobacco smoking and year of quitting tobacco smoking. This information was
combined with the number of cigarettes smoked per day to calculate pack-years smoked,
which represents lifetime tobacco exposure. Patients reported occupational information such
as job title of usual occupation (“occupation in which the patient was employed for the
majority of their working years”), industry of usual occupation, and chemical exposures
(“any chemical exposure the patient had during their working years in their primary
occupation™). Publicly available software (http://soccer.nci.nih.gov) was used to code this
free-text job information to two-digit level groups within the 2010 Standard Occupational
Classification (SOC) system (http://www.bls.gov/soc) [5]. Some job descriptions assigned
SOC codes with lower certainty (n=79) received expert review (S.J.L) to determine the most
appropriate group assignment. Subjects were further dichotomized into high-risk occupation
group (no/yes) based on employment in an occupation with a prioribladder cancer risk in
the literature (Online Resource 1). Approximately 19% (69/358) of subjects with data on
recurrence were employed in a high-risk occupation. An additional variable was created to
indicate exposure to diesel exhaust, as it was the most prevalent high-risk occupational
exposure in the data set and a known carcinogen. This was dichotomized (no/yes) based on
expert knowledge of jobs with either moderate or high probability of occupational diesel
exposure [6]. Approximately 14% (51/358) of subjects with data on recurrence were
probably exposed to diesel exhaust. Among these subjects, 33 were also employed in an a
priori high-risk occupation and 18 were employed in other jobs.

Statistical Analysis

We plotted the Schoenfeld residuals to detect violations of proportional hazard assumptions
for the exposures and potential covariates, and no major violations were observed. We
calculated both unadjusted and adjusted hazard ratios (HRs) and 95% confidence intervals
(Cls) using Cox proportional hazard models, with separate models for each independent
exposure variable of interest: smoking, employment in a high-risk occupation, diesel exhaust
exposure, and each individual major two-digit SOC grouping. A competing risks model was
also considered, which produced similar results when compared to the Cox proportional
hazards model (data not shown). The following characteristics were considered as potential
confounders in the adjusted models: smoking status (never, former smoker <30 pack-years,
former smoker =30 pack-years, current smoker <40 pack-years, current smoker =40 pack-
years), age at diagnosis (<55, 56-65, 6675, >75), race (White, Black, Asian), body mass
index (14-24, 25-29, =30), gender, country of residence (U.S. or other), history of other
malignancy, history of non-muscle invasive bladder cancer, histologic subtype (papillary,
non-papillary), stage of disease based on the AJCC cancer staging system (11, I, V), and
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treatment (immunotherapy, chemotherapy, radiation, combination, unknown). The pack-year
cut points for the categorical analysis were selected based on the median pack-year exposure
within each stratum. The model of diesel exhaust exposure was also adjusted for
employment in high-risk occupations other than those involving diesel exhaust exposure.
Models for each independent exposure variable retained covariates that impacted the
parameter estimates by more than 10%. For models evaluating smoking, employment in a
high-risk occupation, and diesel exposure, we also conducted stratified analyses by the
above listed variables. Likelihood ratio tests were used to assess differences between strata
(P-interaction). All tests were two-sided and conducted at the a.=0.05 level.

In this study, 133 out of 358 (37.2%) patients experienced a recurrence. The median follow-
up time was 15 months (IQR 8-27) and the median time to recurrence was 11 months (IQR
7-20). The characteristics of patients by recurrence status are presented in Table 1. Patients
who experienced a recurrence presented with primary tumors that were of a higher stage
than patients who did not experience a recurrence (47% vs. 24% in stage 1V, respectively). In
addition, patients who experienced a recurrence more commonly presented with the non-
papillary bladder cancer subtype compared to patients who did not experience a recurrence
(76% vs. 62%, respectively). No differences were detected when comparing the distribution
of these characteristics to patients with missing data (n=47) on recurrence (data not shown).

Figure 1 shows the association of smoking status with time to recurrence. Current smokers
with over 40 pack-years of exposure had a two-fold increased risk of recurrence when
compared to never smokers (HR 2.1, 95% CI 1.1, 4.1). Former smokers with over 30 pack-
years of exposure also had an increased risk of recurrence when compared to never smokers,
although this finding was not statistically significant (HR 1.5, 95% CI 0.9, 2.4).

Table 2 shows the association between high-risk occupation, diesel exhaust exposure, and
major SOC group with time to recurrence. Employment in a high-risk occupation was
associated with a shorter time to recurrence (log-rank P=0.005, Figure 2). In addition,
probable diesel exposure was associated with an 80% increased risk of recurrence (HR: 1.8,
95% CI 1.1, 2.8). Among the major SOC groups, employment in production occupations
was associated with an increased risk of recurrence (HR: 2.0, 95% CI 1.1, 3.6). In univariate
analysis, employment in construction and extraction occupations was associated with a two-
fold increased risk of recurrence (HR: 2.1, 95% CI 1.2, 3.6), however, this became only
borderline non-significant after adjusting for age, stage and treatment.

No additional noteworthy findings were observed in stratified models and no significant
interactions were observed.

DISCUSSION

Smoking status and usual adult occupation were both found to be associated with time to
UBC recurrence for patients with MIBC. Current smoking of over 40 pack-years was
associated with an increased risk of recurrence. In addition, employment in a high-risk
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occupation, occupations with probable diesel exhaust exposure, and production occupations
were each found to be associated with an increased risk of recurrence.

There is some evidence in the literature of the effect of smoking on UBC recurrence,
although most studies focus on the impact of smoking on recurrence in NMI disease, given
the high rate of recurrence in this subgroup. Five studies have included MIBC patients when
examining this association [7-11]. Two of them found no effect of smoking status on risk of
recurrence [10,11], while one did observe a difference [9]; these studies, however, had
limited information on smoking (ever/never). Of the two studies with more detailed data on
smoking history, one found no association among current smokers compared to non-smokers
(HR: 0.91, 95% CI: 0.63, 1.31) [7] while the other study found an increased risk of
recurrence for heavy long-term smokers compared to light short-term smokers (HR: 2.22,
95% CI: 1.62, 3.02) [8]. Our findings are consistent with the latter study in that we found an
increased risk of recurrence among current smokers of over 40 pack-years when compared
to never smokers (HR: 2.1, 95% CI: 1.1, 4.1). The exact mechanism underlying the effect of
smoking on UBC recurrence is not known, although it is theorized that exposure to
carcinogens in cigarettes, such as aromatic amines, may have cancer-promoting effects [12].
The potential influence of the timing of smoking cessation on risk of UBC recurrence is also
not known.

There is strong evidence of an increased risk of bladder cancer incidence among certain
occupations, such as dyestuffs workers, aromatic amine manufacturing workers, rubber
workers, leather workers, painters, truck drivers, and aluminum workers [3]. There has also
been some evidence of an increased risk among metal workers, printers, chemical workers,
construction workers, miners, and textile workers, among others [3]. Our study found an
increased risk of recurrence among people who held some of these high-risk jobs as their
usual adult occupation. In addition, we found a similar increased risk of recurrence for those
employed in production occupations, which include job titles such as: textile industry
worker, chemical machine operator, and machinist. There is a causal relationship between
occupation and bladder cancer risk; our study suggests that occupation may also be related
to adverse outcomes after diagnosis. Some of these high-risk occupations have exposures
that are known to be related to UBC incidence [13,14], others have exposures that are likely
highly heterogeneous. More work is needed to identify the specific exposures that drive
these associations and how these exposures may promote UBC.

There is growing evidence in the literature of an association between occupational exposure
to diesel exhaust and risk of bladder cancer. A meta-analysis examining this association
found effect estimates to suggest an overall relative risk of approximately 1.1-1.3 [15].
Additionally, the summary relative risk for high diesel exposure was 1.44 (95% ClI: 1.18,
1.76) [15]. Our findings indicate an increased risk of recurrence among those employed in
an occupation with probable diesel exhaust exposure. No association was found, however,
for employment in transportation and material moving occupations, which may have
exposure to diesel. This disparity is likely due to the fact that diesel exhaust exposure spans
many different job titles with heterogeneous exposures. Although the mechanism by which
diesel exhaust exposure might influence recurrence is unknown, a p53-dependent
mechanism has been suggested [16,17] and is a common feature of Ml disease [18].
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This study is the first to our knowledge to evaluate the association between usual occupation
and UBC recurrence. Although we were able to categorize occupation according to
standardized groupings, information on tasks performed within a broad occupational
grouping was lacking and limited the ability to characterize specific exposures associated
with high-risk occupations. There was also minimal data available on duration of
employment and on industry for many subjects, however the use of the usual adult
occupation is likely to be most representative of the subjects’ job history and exposure
circumstance. In addition, the data on exposure to diesel exhaust does not reflect the changes
over time in diesel engines and in emissions. A strength of this study was the availability of
information on both smoking status and cumulative exposure in terms of pack-years. The
smoking data was limited, however, by the fact that changes in smoking status over time or
smoking cessation were not collected. Other limitations of this study are the relatively small
sample size, limited power, and missing data on the exposures of interest. The lack of a
representative sample may also limit the ability to compare the results of this study to that of
other population-based studies. Despite this limitation, we observed an association between
high-risk occupation and recurrence that is comparable in magnitude to studies of bladder
cancer incidence [19], which lends credence to our findings. In addition, the effect observed
here with smoking is similar to the largest of only two studies which have evaluated more
detailed smoking information and risk of recurrence [8]. Lastly, data collected in TCGA
only indicate the occurrence of death. Disease-specific survival was unavailable and thus we
were unable to assess whether smoking and occupation are associated with bladder cancer
survival, in addition to recurrence.

It will be important for future studies to evaluate the association between smoking and
occupational exposures with UBC recurrence in patients with NMIBC because of the high
cost of long-term medical surveillance of large numbers of survivors resulting from high
recurrence rate in this subgroup. Work is also needed to determine whether these important
bladder cancer risk factors are associated with certain molecular tumor characteristics that
influence progression of disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Adjusted Kaplan-Meier plot for timeto first recurrence by smoking status

* Adjusted for age at diagnosis (<55, 56-65, 66—75, >75), stage of disease (l1, I, V), and
treatment (immunotherapy, chemotherapy, radiation, combination, unknown). T Former
smokers with =30 pack-years compared to never smokers. T1 Current smokers with =40
pack-years compared to never smokers. ¥ Comparing all smoking levels (never, former with
<30 pack-years, former with =30 pack-years, current with <40 pack-years, current with =40
pack-years).
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Fig. 2. Adjusted Kaplan-Meier plot for timeto recurrence by high-risk occupation
* Adjusted for age at diagnosis (<55, 56-65, 66—75, >75), gender, stage of disease (ll, I11,
IV), and treatment (immunotherapy, chemotherapy, radiation, combination, unknown).
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Characteristics of bladder cancer recurrences

Table 1

Characteristic No Recurrence N=226 | Recurrence N=133 | P-value
Age at diagnosis

<55 36 (15.9) 10 (7.5)

56-65 53 (23.5) 47 (35.3)

66-75 71 (31.4) 48 (36.1)

>75 66 (29.2) 28 (21.1) 0.05
Country

United States 159 (70.4) 100 (75.2)

Other 67 (29.7) 33 (24.8) 0.52
Race

White 176 (77.9) 107 (80.5)

Black 10 (4.4) 10 (7.5)

Asian 34 (15.0) 9(6.8)

Missing 6(2.7) 7(5.3) 0.51
Gender

Male 172 (76.1) 97 (72.9)

Female 54 (23.9) 36 (27.1) 0.65
Smoking

Never 63 (27.9) 33 (24.8)

Former (<30 pack-years) 40 (17.7) 22 (16.5)

Former (=30 pack-years) 34 (15.0) 40 (30.1)

Current (<40 pack-years) 22(9.7) 9(6.8)

Current (240 pack-years) 15 (6.6) 14 (10.5)

Missing 52 (23.0) 15 (11.3) 0.02
Pathologic stage (AJCC)

Stage 11 93 (41.2) 31(23.3)

Stage 11 79 (35.0) 39 (29.3)

Stage IV 54 (23.9) 63 (47.4) <.0001
Histologic subtype

Non-papillary 141 (62.4) 101 (75.9)

Papillary 85 (37.6) 32 (24.1) 0.07
History of NMI

No 156 (69.0) 74 (55.6)

Yes 34 (15.0) 28 (21.1)

Missing 36 (15.9) 31(23.3) 0.52
History of other malignancy

No 174 (77.0) 89 (66.9)

Yes 52 (23.0) 44 (33.1) 0.35
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Characteristic No Recurrence N=226 | Recurrence N=133 | P-value
High-risk occupation
No 104 (46.0) 55 (41.4)
Yes 33 (14.6) 36 (27.1)
Missing 89 (39.4) 42 (31.6) 0.01

Abbreviations: American Joint Committee on Cancer (AJCC); Non-muscle invasive (NMI). P-values calculated using log-rank tests.
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Table 2

Hazard ratios for time to recurrence by high-risk occupation, diesel exposure and major SOC group

Exposure Non-Recurrent/Recurrent UL%’W A—dngR* 9%
High-Risk Occupation -
No 104/55 Ref Ref
Yes 33/36 1.9 (1.2, 2.9) 2.0(13,32)
Diesel Exhaust Exposure¥/
No/Low Probability 109/68 Ref Ref
Moderate/High Probability 28/23 1.5(0.9,2.3) 1.8(1.1,3.0)
Major SOC Group
11-Management Occupations 777 8/6 0.9(0.4,2.1) 0.6 (0.2, 1.6)
13-Business and Financial Operations Occupations 6/6 1.2(0.6,2.8) 1.1(0.5, 2.6)
17-Architecture and Engineering Occupations 6/4 0.9 (0.4, 2.5) 0.9(0.3,25)
23-Legal Occupations 777 3/2 1.3(0.3,5.1) 0.8(0.2,3.5)
25-Education, Training, and Library Occupations 6/3 1.0(0.3,3.1) 1.0(0.3,3.2)
29-Healthcare Practitioners and Technical Occupations 117 5/4 11(04,29) 11(04,33)
35-Food Preparation and Serving Related Occupations 77# 412 0.8(0.2,3.3) 0.7(0.2,2.8)
37-Building and Grounds Cleaning and Maintenance 2/1 1.0(0.1,7.0) 1.3(0.2,9.6)
Occupations U
41-Sales and Related Occupations 14/6 0.7 (0.3, 1.6) 0.8(0.3,1.8)
43-Office and Administrative Support Occupations 12/4 0.5(0.2,1.2) 0.6 (0.2,1.5)
45-Farming, Fishing, and Forestry Occupations 12/3 0.6 (0.2,1.9) 0.7 (0.2,2.4)
47-Construction and Extraction Occupations 8/14 2.1(1.2,3.6) 1.7 (0.97, 3.1)
49-Installation, Maintenance, and Repair Occupations 8/2 0.4(0.1,1.7) 0.7 (0.2,2.7)
51-Production Occupations 12/12 1.5(0.8,2.7) 2.0(1.1,3.6)
53-Transportation and Material Moving Occupations’7: $ 6/9 1.7(0.8,3.3) 1.2(0.6,2.4)
55-Military Specific Occupations 42 1.1(0.3,4.4) 1.2(0.3,4.8)
99-Housewives 77 6/6 14(06,3.1) 1.1(0.4,2.5)
*Adjusted for age at diagnosis (<55, 56-65, 66—75, >75), stage of disease (l1, I11, IV), and treatment (immunotherapy, chemotherapy, radiation,

combination, unknown).
HA
Additionally adjusted for gender.
§Additiona|ly adjusted for body mass index.
”Additionally adjusted for employment in high-risk occupations other than those involving diesel exhaust exposure
fAdditionaIIy adjusted for smoking.
ﬁAdditionaIIy adjusted for history of non-muscle invasive bladder cancer.

’tAdditionaIIy adjusted for history of other malignancy.
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