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Abstract
The relationship between family history of cancer in firstdegree relatives and risk of bladder cancer was examined
in the Spanish Bladder Cancer Study. Information on
family history of cancer was obtained for 1,158 newly
diagnosed bladder cancer cases and 1,244 controls included
in 18 hospitals between 1998 and 2001. A total of 464
(40.1%) cases and 436 (35.1%) controls reported a family
history of cancer in z1 relative [odds ratio (OR), 1.32; 95%
confidence interval (95% CI), 1.11-1.59]; the OR was 1.23
(95% CI, 1.01-1.50) among those with only one relative
affected and 1.67 (95% CI, 1.23-2.29) among those with z2
affected relatives (P trend = 0.0004). A greater risk of bladder
cancer was observed among those diagnosed at age V45
years (OR, 2.67; 95% CI, 1.10-6.50) compared with those
diagnosed over age 45 years (OR, 1.27; 95% CI, 1.06-1.52).
The OR of bladder cancer among subjects reporting a
family history of cancer of the bladder was 2.34 (95% CI,
0.95-5.77). Statistically significant associations emerged

between bladder cancer risk and family history of cancer
of the esophagus, lung, prostate, and brain. The OR of
bladder cancer for those reporting family history of bladder
cancer was 4.76 (95% CI, 1.25-18.09) among NAT2-slow
acetylators and 1.17 (95% CI, 0.17-7.86) among NAT2-rapid/
intermediate acetylators (P interaction = 0.609). Among individuals with GSTM1 null and present genotypes, the
corresponding ORs were 2.91 (95% CI, 0.44-19.09) and 4.21
(95% CI, 1.26-14.14), respectively (P interaction = 0.712).
Limitations of our study are small sample size in subgroup
analyses, reliability of family history data, and possible
residual confounding by shared environmental exposures.
Overall, our findings support the hypothesis that genetic
factors play a role in bladder cancer etiology. Whether
these correspond to low-penetrance cancer-predisposing
polymorphisms acting together and/or interacting with
environmental factors warrants further research. (Cancer
Epidemiol Biomarkers Prev 2007;16(8):1595 – 600)

Introduction
The incidence of bladder cancer in Spain is the highest in the
western world and the second at the worldwide level after
Egypt (1). In Egypt, most of the bladder cancers are of
squamous histology, whereas in Spain they are urothelial cell
carcinomas. It is estimated that f12,215 new cases of bladder
cancer occurred in Spain in 2002 (1). This makes bladder cancer
the fourth most common cancer in men (33 new cases per
100,000 persons per year) and the 15th in women (3.5 per
100,000 persons per year). Tobacco smoking and occupational
exposure to aromatic amines are the most important risk
factors for this disease (2, 3) but other lifestyle/environmental
as well as hereditary factors have also attracted much interest.
Among the hereditary factors involved in bladder cancer
carcinogenesis, the role of variation in the genes coding for
xenobiotic biotransforming enzymes such as N-acetyltransferase 2 (NAT2) and glutathione S-transferase M1 (GSTM1) has
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Institut Municipal d’Investigació Mèdica (IMIM), Carrer del Dr. Aiguader 88, E-08003,
Barcelona, Spain. Phone: 34-933-160-671; Fax: 34-933-160-575. E-mail: nuria@imim.es
Copyright D 2007 American Association for Cancer Research.
doi:10.1158/1055-9965.EPI-06-0743

been most extensively studied (4-6). Recent meta-analyses of
31 case-control studies assessing the risk of bladder cancer
conferred by NAT2-slow acetylating genetic variants and of 28
case-control studies assessing the risk of bladder cancer
conferred by GSTM1-null variants estimated odds ratios
(OR) of 1.4 [95% confidence interval (95% CI), 1.2-1.6] and
1.5 (95% CI, 1.3-1.6), respectively (6). Indeed, this is the tumor
for which strongest evidence is available on a role of lowpenetrance genetic variants in both increasing cancer risk and
in gene-environment interactions (6). By contrast, research on
familial aggregation of bladder cancer has been less extensive
and the results of case-control studies remain controversial
(7-11). Family history of other types of cancer such as
lymphocytic leukemia, cervical, pancreas, kidney, thyroid,
and nervous system cancer has also been associated with an
increased risk of bladder cancer (12-16).
Several case reports of families with multiple affected
relatives have been published (17-22) but high-penetrance
genes have not been identified (23). Therefore, it is possible
that, as in breast cancer, familial aggregation of cancer may be
due to additive effects of several common, low-penetrance
gene variants that cosegregate within families (24).
In this report, we assessed the relationship between bladder
cancer risk and the reported history of any other type of
cancer, including bladder cancer, among first-degree relatives
using data from the Spanish Bladder Cancer Study. We have
also investigated whether variants of NAT2 and GSTM1
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modified, or accounted for, the increased risk of bladder cancer
observed among those individuals with family history of
cancer in first-degree relatives.

Table 1. Distribution of cases and controls according to
selected characteristics
Characteristics

Cases (n = 1,158) Controls (n = 1,244)
n (%)

Materials and Methods
The Spanish Bladder Cancer Study is a hospital-based casecontrol study conducted between 1998 and 2001 in 18 hospitals
in five areas of Spain: Asturias, Barcelona metropolitan area,
Vallès Occidental/Bages, Alicante, and Tenerife.
The details of the study have been described elsewhere (6).
Briefly, 1,219 newly diagnosed cases of bladder cancer, ages 21
to 80 years, admitted to the Study hospitals to perform
transurethral resection were included. All cases were histologically confirmed by a panel of pathologists using the 1999
WHO classification system (25). Only patients with urothelial
cell carcinoma of the bladder were included in this analysis
(n = 1,209). Controls were 1,271 subjects selected from
participating hospitals with diagnoses thought to be unrelated
to the exposures of interest. The most common reasons for
hospitalization of controls were surgery for abdominal hernia
or hydrocele, diseases of the digestive system (e.g., intestinal
obstruction and appendicitis), and injuries (e.g., fractures;
Table 1). Controls were individually matched to the cases by
age at diagnosis (F5 years), gender, race, and region. Six nonWhite individuals (five cases, one control) were excluded from
the analyses.
Written informed consent was obtained from all subjects,
and the study was approved by the Institutional Review Board
of the U.S. National Cancer Institute and the local Institutional
Ethics Committees.
Computer-assisted personal interviews, carried out at the
hospitals by trained interviewers, included information on
sociodemographic characteristics, smoking habits, environmental exposures, previous history of cancer, and family
history of cancer. Subjects were specifically asked the number
of brothers and sisters they had and whether parents, siblings,
or offspring had ever had cancer. Tumors reported among
family members were coded according to the 9th revision of
the International Classification of Diseases (ICD-9). For each
relative with a history of cancer, the subjects were asked to
specify the site of the tumor and age at diagnosis. To verify the
information related to bladder cancer in the family, we
contacted by phone the relatives, mainly wives and sisters, of
the 16 cases and 9 controls that reported a family history of
bladder cancer. Relatives of 3 cases and 6 controls failed to
confirm the information provided by the patient.
Subjects were classified as never smokers if they had
smoked fewer than 100 cigarettes in their lifetime and as ever
smokers otherwise. Ever smokers were further classified as
regular smokers if they had smoked at least one cigarette per
day for z6 months and occasional otherwise. Regular smokers
were subsequently classified as former or current smokers if
they stopped or continued smoking 1 year before their
inclusion to the study, respectively. Furthermore, regular
smokers were classified into two groups according to the
duration smoked, <20 or z20 years (26). To adjust analyses by
environmental shared risk factors among first-degree relatives,
we considered exposure to environmental tobacco smoke
(ETS) among nonsmokers, which was assessed by asking
subjects for the number of persons who smoked around them
at every residence and every job held (26) and lifelong average
residential trihalomethane levels (Ag/L), as recorded by
Villanueva et al. (27).
Polymorphisms in NAT2 and GSTM1 were investigated
using germ-line DNA from blood and buccal cell samples as
previously described (6). The genotype assays were done at the
Core Genotyping Facility at the U.S. National Cancer Institute
using TaqMan (Applied Biosystems). Details on genotyping

Region*
Barcelona
Vallès Occidental/Bages
Elche
Tenerife
Asturias
Age (y)*
<55
55-64
65-69
70-74
z75
Gender*
Male
Female
Education level
Less than primary
Primary and less
than high school
At least high school
Other
Missing
No. siblings
0-2
3-4
z5
Missing
Smoking status
Nonsmoker
Occasional
Former
Current
Missing
Average lifetime
trihalomethane levels (Ag/L)
0-15
16-50
z51
Missing
Diagnoses of controls
Ophthalmology diseases
Circulatory system diseases
Hernia of abdominal cavity
Other general surgery/
digestive diseases
Skin and subcutaneous
tissue diseases
Male genital organs
diseases, hydrocele
Fractures
Other injuries/orthopedics
Other conditions

n (%)

218
179
86
211
464

(18.8)
(15.5)
(7.4)
(18.2)
(40.1)

244
189
84
217
510

(19.6)
(15.2)
(6.8)
(17.4)
(41.0)

176
247
255
248
232

(15.2)
(21.3)
(22.0)
(21.4)
(20.0)

205
306
286
243
204

(16.5)
(24.6)
(23.0)
(19.5)
(16)

1,012 (87.4)
146 (12.6)

1,080 (86.8)
164 (13.2)

532 (45.9)
451 (38.9)

575 (46.2)
485 (39.0)

158 (13.6)
14 (1.2)
1 (0.1)

164 (13.2)
15 (1.2)
— (—)

295
252
371
240

(25.5)
(21.8)
(32.0)
(20.7)

345
273
396
230

(27.7)
(21.9)
(31.8)
(18.5)

160
47
472
474
5

(13.8)
(4.1)
(40.8)
(40.9)
(0.4)

363
95
499
281
6

(29.2)
(7.6)
(40.1)
(22.6)
(0.5)

356
414
317
71

(30.7)
(35.8)
(27.4)
(6.1)

423
400
350
71

(34.0)
(32.2)
(28.1)
(5.7)

15
46
450
149

(1.2)
(3.7)
(36.2)
(12.0)

145 (2.2)
27 (11.7)
300 (24.1)
93 (7.5)
19 (1.5)

*Cases and controls were matched on these variables.

assays have been reported elsewhere (6).9 Individuals homozygous for NAT2 rapid-acetylator alleles (NAT2*4, NAT2*11A,
NAT2 *12A, NAT2*12B, NAT2*12C, and NAT2 *13) were
classified as rapid-acetylator phenotype; individuals homozygous for slow-acetylator alleles were classified as slowacetylator phenotype; and heterozygous individuals (one rapid
and one slow NAT2 allele) were classified as intermediateacetylator phenotype. GSTM1 genotypes were defined as
present if one (+/) or two (+/+) of gene copies were present
and absent/null (/) if the two alleles were null. All
genotypes were in Hardy-Weinberg equilibrium among the
control population.

9
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Statistical Analysis. Unconditional logistic regression using
the maximum likelihood estimate (28) was done by use of
STATA version 8.0 (StataCorp 2003), adjusting for age in four
categories: gender, study area, smoking status (nonsmoker and
occasional, former, and current smoker), and average residential trihalomethane levels (Ag/L). Because risk estimators and
95% CIs for family history of cancer did not vary significantly
when duration of tobacco consumption and ETS variables
were included in the models, we did not consider them further
in the analyses. The association between bladder cancer risk
and family history of all cancers combined, as well as
specifically by cancer site or organ system, was investigated.
Subjects without family history of cancer were considered the
reference group. Smoking-related cancers included tumors of
the oral cavity and pharynx, respiratory organs, esophagus,
pancreas, urinary bladder, and kidney. We have also investigated the effect of family history of cancer, stratifying by
gender, smoking status, age of the subjects, previous history of
cancer, and polymorphisms in NAT2 and GSTM1. ORs and
95% CIs were calculated from the coefficients in the regression
models. Interaction effects between the family history of
cancer, gender, smoking status, age of the case, and NAT2
and GSTM1 were assessed by fitting the model with and
without the interaction parameters and conducting a likelihood ratio test.

Results
Overall, 1,158 patients with urothelial cell carcinoma of the
bladder and 1,244 controls were included in the analysis; 3.8%
of the cases and 2.1% of the controls were excluded because of
missing information on family history of cancer.
The distribution of cases and controls is shown in Table 1.
The mean age for cases and controls was 65.8 and 64.7 years,
respectively. Males accounted for 87.4% of the cases and 86.8%
of the controls. Case patients were more often current smokers
(40.9%) than controls (22.6%). Number of siblings was similar
between cases (mean, 4.3) and controls (mean, 4.1).

Table 2. ORs and 95% CIs for bladder cancer associated
with family history of cancer, stratified by selected
characteristics of relatives
Cancer in relatives

Cases,
n (%)

Controls,
n (%)

First-degree relative with cancer
694 (59.9)
808 (64.9)
Nonec
Any
464 (40.1)
436 (35.1)
b
No. first-degree relatives with cancer
1
339 (29.3)
345 (27.7)
z2
125 (10.8)
91 (7.4)
Age at diagnosis of cancer in family memberx
V45
62 (6.0)
57 (4.9)
>45
280 (27.0)
288 (25.0)
Family member with history of cancer
Parents
308 (30.7)
287 (26.2)
Mother
135 (16.3)
124 (13.3)
Father
191 (21.6)
183 (18.5)
Siblings
203 (22.6)
187 (18.8)
Sister
88 (11.3)
74 (8.4)
Brother
138 (16.6)
131 (14.0)
Offspring
25 (3.5)
12 (1.5)
Daughter
14 (2.0)
8 (1.0)
Son
11 (1.6)
4 (0.5)

OR* (95% CI)

Reference (—)
1.32 (1.11-1.59)
1.23 (1.01-1.50)
1.67 (1.23-2.29)
1.42 (0.95-2.11)
1.25 (1.01-1.54)
1.39
1.38
1.42
1.27
1.36
1.21
2.24
2.12
2.46

(1.13-1.71)
(1.03-1.85)
(1.11-1.82)
(1.00-1.62)
(0.96-1.94)
(0.91-1.60)
(1.07-4.66)
(0.86-5.27)
(0.71-8.47)

*After adjustment by unconditional logistic regression for age, gender, area, and
smoking status of the subjects and average lifetime trihalomethane levels (Ag/L).
cReference category for all comparisons.
bm2 test for trend, P = 0.0004.
xIf more than one first-degree relative had cancer, the youngest at age at
diagnosis was considered.

Table 3. ORs and 95% CIs for bladder cancer associated
with family history of cancer, stratified by selected
characteristics of the individuals
Characteristics

Cases,
n (%)*

Age (y)
V45
27/51 (52.9)
>45
437/1,107 (39.5)
Gender
Male
396/1,012 (39.1)
Female
68/146 (46.6)
Smoking status
Never
67/160 (41.9)
Ever
397/998 (39.8)
Previous history of cancer
No
441/1,115 (39.6)
Yes
21/41 (51.2)

Controls,
n (%)*

c

OR

(95% CI)

18/61 (29.5)
418/1,183 (35.3)

2.67 (1.10-6.50)
1.27 (1.06-1.52)

376/1,080 (34.8)
60/164 (36.6)

1.31 (1.07-1.59)
1.64 (0.99-2.72)

146/363 (40.2)
290/880 (33.0)

1.17 (0.78-1.78)
1.36 (1.11-1.65)

397/1,173 (33.8)
37/67 (55.2)

1.35 (1.12-1.63)
1.83 (0.58-5.78)

*Percentage of respondents with this characteristic and a positive family history
of cancer.
cAfter adjustment by unconditional logistic regression for age, gender, area, and
average lifetime trihalomethane levels (Ag/L), and smoking status of the subjects
when appropriate. Subjects having no first-degree relative diagnosed of cancer
were taken as the reference category for al comparisons.

A history of cancer in at least one first-degree relative was
reported in 40.1% of the cases compared with 35.1% of the
controls (adjusted OR, 1.32; 95% CI, 1.11-1.59; Table 2). The risk
of bladder cancer increased with increasing numbers of
affected first-degree relatives (P trend = 0.0004). No differences
were observed related to age at diagnosis of cancer in family
members. The increased risk of bladder cancer was observed
among all relatives with a history of cancer. However, a
significant increase was found among those subjects with
affected parents; the greatest increase was observed among
those individuals with affected offsprings.
Table 3 shows the familial risks of bladder cancer stratified
by selected characteristics of the probands. The risk associated
with family history of cancer was higher among those cases
diagnosed at age V45 years (OR, 2.67; 95% CI, 1.10-6.50) than
among older cases (OR, 1.27; 95% CI, 1.06-1.52), but the test for
interaction did not reach statistical significance (P = 0.103).
There was little or no association between bladder cancer and
family history of cancer among never smoker subjects or
among those with previous history of cancer. Again, P values
for interaction between these variables and family history of
cancer were not significant.
Table 4 shows the risk of bladder cancer according to family
history of cancer at specific sites. Sixteen (1.4%) cases and 9
(0.7%) controls reported at least one first-degree relative with
bladder cancer (OR, 2.34; 95% CI, 0.95-5.77). Only one case,
diagnosed at age 56 years, had two affected relatives with
bladder cancer (the father, diagnosed at age 70 years, and a
brother diagnosed at age 50 years). Furthermore, three cases
and their relatives were diagnosed with bladder cancer before
age 60 years. A family history of tobacco-related cancers was
associated with a significantly increased risk for bladder
cancer (OR, 1.69; 95% CI, 1.28-2.23). In addition, statistically
significant associations emerged between bladder cancer risk
and family history of cancer of the esophagus (OR, 2.73; 95%
CI, 1.07-6.97), lung (OR, 1.64; 95% CI, 1.14-2.36), prostate (OR,
2.15; 95% CI, 1.28-3.61), and brain (OR, 2.88; 95% CI, 1.00-8.27).
Because polymorphisms in NAT2 and GSTM1 are wellestablished susceptibility factors for this tumor, we have
analyzed the relationship between family history of some
types of cancer and bladder cancer risk after stratification
according to NAT2 and GSTM1 genotypes (Table 5). The effect
of overall family history of cancer was similarly significant
among cases with rapid/intermediate versus slow NAT2
acetylators and among GSTM1 present versus null genotypes.
However, and despite the small number of cases, the risk of
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Table 4. ORs and 95% CIs for bladder cancer according to
family history of selected cancers
Family-history cancer site

Cases
(n = 1,158)

Controls
(n = 1,244)

OR* (95% CI)

None
All sites
Urinary bladder
c
Tobacco-associated sites
Non – tobacco-associated
sites
Lip, oral cavity,
and pharynx
Esophagus
Stomach
Intestine
Liver
Pancreas
Larynx
Lung
Bone
Female breast
Uterus, unspecified
Ovary
Prostate
Kidney
Brain
All lymphomas
Leukemia, unspecified

694
464
16
168
300

808
436
9
125
288

Reference (—)
1.32 (1.11-1.59)
2.34 (0.95-5.77)
1.69 (1.28-2.23)
1.18 (0.96-1.44)

11

10

1.34 (0.53-3.40)

16
54
38
40
14
24
90
10
57
18
5
43
5
13
3
19

8
57
48
46
10
23
67
11
43
19
10
29
6
6
2
17

2.73
1.10
0.93
1.04
1.43
1.46
1.64
0.90
1.50
1.41
0.75
2.15
1.12
2.88
1.83
1.47

(1.07-6.97)
(0.72-1.68)
(0.58-1.49)
(0.65-1.67)
(0.60-3.44)
(0.77-2.79)
(1.14-2.36)
(0.36-2.26)
(0.95-2.37)
(0.70-2.84)
(0.25-2.31)
(1.28-3.61)
(0.30-4.09)
(1.00-8.27)
(0.27-12.5)
(0.71-3.02)

*After adjustment by unconditional logistic regression for age, gender, area, and
smoking status of the subjects and average lifetime trihalomethane levels (Ag/L).
cInclude cancers of the oral cavity and pharynx, respiratory organs, esophagus,
pancreas, urinary bladder, and kidney.

bladder cancer for those reporting a family history of bladder
cancer was 4.76 (95% CI, 1.25-18.09) among NAT2-slow
acetylators and 1.17 (95% CI, 0.17-7.86) among NAT2-rapid/
intermediate cases (P interaction = 0.609). Interestingly, family
history of tobacco-related cancers did not show a different risk
according to NAT2 phenotype. For the GSTM1 genotype,
GSTM1-null subjects and GSTM1-present subjects reporting a
history of bladder cancer among their first-degree relatives had
risks of 2.91 (95% CI, 0.44-19.09) and 4.21 (95% CI, 1.26-14.14),
respectively (P interaction = 0.712).

Discussion
Findings from this study add further evidence that bladder
cancer has a familial component. We observed an increase in
bladder cancer risk of f32% among subjects with one or more
first-degree relatives with history of cancer and the risk
increased with increasing number of family members with
cancers. The higher risk observed among bladder cancer
patients diagnosed at younger ages also supports the familial
aggregation hypothesis.
A higher risk of bladder cancer was observed for patients
with family history of bladder cancer (OR, 2.34; 95% CI, 0.955.77). Excess risk of similar magnitude has been reported in
other case-control studies. The largest population case-control

study of 2,982 bladder cancer patients and 5,782 controls
conducted in the United States on family history of cancer
found a risk of 1.45 (95% CI, 1.2-1.8) for those with a firstdegree relative with cancer of the genitourinary tract (8). When
we added kidney and ureter sites in a joint category of urinary
tract cancers among first-degree relatives, the risk of bladder
cancer decreased to 1.93 (95% CI, 0.93-3.97).
Kantor et al. (8) reported a higher risk among younger
patients (OR, 2.7; 95% CI, 0.8-2.9) and among women (OR, 1.8;
95% CI, 1.1-2.7); the former observation is also confirmed in
our study and the latter cannot be appropriately assessed
because of the lower incidence of bladder cancer among
women in Spain, where the male/female ratio of bladder
cancer is 7.4:1 (1). In a population-based family case-control
study in Netherlands based on patients with urothelial cell
carcinoma of the bladder, ureter, renal pelvis, and urethra, the
risk of bladder cancer among cases with a positive family
history was 1.8 (95% CI, 1.3-2.7) compared with controls after
adjusting by age, gender, and smoking status of relatives (14).
In a hospital-based case-control study in Germany, a significant increase in risk among subjects with family history of
bladder cancer was reported (OR, 2.5; 95% CI, 1.1-5.8; ref. 11).
On the other hand, several older studies have not found
statistically significant increases in risk associated with familial
history of cancer (7, 9, 29-33).
We have also evaluated the effect of family history of cancer
at specific sites and the association remained statistically
significant only for those reporting a family history of tobaccorelated cancer, specifically lung and esophagus. The fact that
both family history of tobacco-related cancer and personal
history of smoking were associated with an increased risk for
bladder cancer points to two potential explanations: first, that
shared exposures within families such as in utero exposure to
tobacco compounds, exposure to tobacco carcinogens through
breast-feeding, and ETS during childhood, as well as the
intensity of the smoking habit among relatives, may account
for cancer clusters in relatives (34); second, that a susceptibility
polymorphism, or a combination of them, is segregated within
families predisposing relatives to cancer in the presence of
tobacco exposure. We explored the hypothesis that ETS might
contribute to the familial clustering of bladder cancer among
the nonsmoker subjects by adjusting the logistic regression
models for childhood ETS. Nevertheless, no significant
variation of the risk was observed in the nonsmoker group,
suggesting that childhood ETS exposure may not explain the
clusters of cancer in relatives. Unfortunately, we could not
examine to which extent the amount of tobacco smoked among
relatives could explain the excess risk because the study lacks
this information.
In addition, we found a statistically significant increase in
risk among subjects reporting a family history of cancer of the
prostate and brain. A family history of bladder cancer was
previously reported in a case-control study including 1,294
men with prostate cancer and 1,451 controls, the risk of
prostate cancer being 3.5 (95% CI, 1.6-7.4; ref. 35). Furthermore,
several studies have reported a high frequency of a concomitant history of bladder and prostate cancer. Kinoshita et al.
(36) reported both a significantly increased risk of bladder

Table 5. ORs and 95% CIs for bladder cancer according to family history of bladder cancer stratified by NAT2 and GSTM1
polymorphisms
Genotype
NAT2-slow
NAT2-rapid/intermediate
GSTM1-null
GSTM1-present

Subjects with family history
of bladder cancer (cases/controls)

Subjects without family history of
bladder cancer (cases/controls)

14/3
2/4
5/2
11/5

414/412
247/313
423/365
240/363

OR* (95% CI)
4.76
1.17
2.91
4.21

(1.25-18.09)
(0.17-7.86)
(0.44-19.09)
(1.26-14.14)

P interaction

0.609
0.712

*After adjustment by unconditional logistic regression for age, gender, area, and smoking status of the subjects and average lifetime trihalomethane levels (Ag/L).
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cancer after prostate cancer diagnosis and of prostate cancer
after bladder cancer diagnosis. Recently, a report on subsequent primary cancers in a large cohort of patients with a first
urinary tract cancer described significant excess risk of
prostate cancer among those subjects diagnosed of bladder
cancer (37). In addition to misreporting of bladder-prostate
cancers, increased medical surveillance of patients with
bladder cancer as well as secondary effects of bladder cancer
treatment should be considered in interpreting these results.
With regard to brain cancer, we have no specific hypothesis
to account for the findings. Although the risk estimate was
high (OR, 2.88), the statistical significance was borderline. No
specific brain cancer histology could be assigned and brain
metastases, especially from lung cancer, cannot be completely
excluded. Other studies have also reported clustering
of bladder cancer with other tumors such as those of
the hematopoietic system (12, 14, 37), cervix (12), pancreas
(15, 37), kidney, and thyroid (13, 16, 37). Our results did not
confirm the familial clustering of bladder cancer with these
tumors.
A role for a genetic component in bladder cancer development has also been suggested by other types of studies.
Lichtenstein et al. (38) estimated the effects of heritable and
environmental factors in the causation of cancer in a cohort of
44,000 twins from Sweden, Denmark, and Finland. They
estimated that the proportion of variance corresponding to
inherited factors for bladder cancer was 31%, although the
estimate was not statistically significant. A recent publication
failed to identify candidate regions associated with familial
bladder cancer through a genome-wide tiling resolution
comparative genomic hybridization array (39). Based on the
strong evidence that NAT2-slow acetylator and GSTM1-null
genotypes increase the risk of bladder cancer (4-6), we
examined the potential contribution of polymorphisms in
NAT2 and GSTM1 to the increased risk of bladder cancer
associated with a family history of cancer. The results from our
study suggest a potential role for the studied polymorphisms
in familial bladder cancer clustering, although the small
sample size for some genotype strata hampers drawing
definitive conclusions. However, it is noteworthy that, as
expected, NAT2-slow individuals showed a higher increased
risk of bladder cancer associated with a family history of
bladder cancer than NAT2 -rapid/intermediate subjects.
Whether the differential risk was due to a cosegregation of
the polymorphism and the disease within the families or a
residual confounding by passive smoking cannot be completely ruled out. In addition to bladder cancer, increased risk of
other tumors including those of the esophagus, lung, and
prostate (40-44) have been associated with polymorphisms in
these genes. These findings would agree with the notion that
susceptibility alleles may increase the risk of different types of
cancer within families. This is the first study analyzing this
hypothesis and our findings support the notion that further
work is warranted.
Results of studies evaluating family history of cancer as a
risk factor require careful interpretation. Contradictory findings may be explained by the different distributions of both
genes and shared environmental exposures among family
members, methodologic flaws, and chance. One of the
limitations of our study is the lack of information on
environmental or lifestyle exposures among family members
in our study, possibly leading to false-positive findings. With
regard to misclassification of cancer sites among tumors in
relatives, some studies have shown that the recall of cancer in
first-degree relatives is satisfactory and comparable in cases
and controls for some types of cancer (45). Moreover, the
quality of the information may vary according to primary site.
Pinsky et al. (46) found that family history of some types of
cancer, including bladder cancer, was underreported among
subjects enrolled in a cancer screening trial in the United

States. Metastatic cancer sites can also be mistaken as the
primary site. Airewele et al. (47) evaluated the accuracy of
cancer reports by comparing information from interviews with
data obtained from medical records and death certificates and
found high agreement for lung and brain cancer. We assessed
the reliability of history of cancer data in families by contacting
wives and sisters of those subjects who reported bladder
cancer in their relatives. Whereas a patient-relative agreement
was observed in 80% of cases, it was only present in 33% of
controls, wives and sisters having reported less affected
relatives. Therefore, we may be underestimating the actual
risk estimates if controls have overreported family history of
bladder cancer. Furthermore, some authors have discussed the
limitations of the use of case-control studies to assess familial
aggregation of cancer (48, 49). They suggest that, even when
cases and controls are similar in terms of family size and age
of relatives, the association with family history may overestimate ORs.
Our study has relevant strengths. First, it is one of the largest
case-control studies to date to assess bladder cancer risk
conferred by a family history of cancer in first-degree relatives.
Second, the distribution of superficial (76.6%) and invasive
(23.4%) cancers among our case series is similar to that
described in the general population, indicating that the case
series reflects the disease in the general population. We further
assessed the association of family history of cancer at any site,
as well as family history of bladder cancer, with grade/stage
among the cases of our study. In addition, we stratified the
analysis in two groups according to age, <45 and z45 years.
We did not observe any significant association between family
history of cancer and stage or grade in the global series nor in
any of the age subgroups. Hence, we can rule out a selection
bias toward more aggressive disease. Third, environmental
exposures shared within families due to ETS and chlorinationby-products were considered in the analysis. Fourth, this is the
first report assessing the combined role of family history of
cancer and polymorphisms in NAT2 and GSTM1, the genes
with the strongest evidence of a role in bladder carcinogenesis.
Finally, most of the results present a false positive report
probability value below the worthiness cutoff point of 0.2
according to the Wacholder et al. proposal test (50). Even
taking into account the low statistical power of NAT2-slow
result, the false positive report probability for this finding was
below 0.5, which is considered important because it is a
primary result needed to be replicated in further studies.
In conclusion, family history of cancer in first-degree
relatives is associated with an increased risk of bladder cancer,
the association being stronger among younger cases. Whereas
residual confounding by shared environmental exposure
cannot be excluded, these results support the hypothesis that
genetic factors play a role in the etiology of bladder cancer.
Our results do not have immediate implications on genetic
counseling for this disease but should stimulate additional
work on the role of low-penetrance cancer-predisposing
polymorphisms acting together and/or interacting with
environmental factors.

Appendix A. Participating Study Centers in Spain
Institut Municipal d’Investigació Mèdica, Universitat Pompeu
Fabra, Barcelona—Coordinating Center (M. Sala, G. Castaño,
M. Torà, D. Puente, C. Villanueva, C. Murta-Nascimento,
J. Fortuny, E. López, S. Hernández, R. Jaramillo); Hospital del
Mar, Universitat Autònoma de Barcelona, Barcelona (J. Lloreta,
S. Serrano, L. Ferrer, A. Gelabert, J. Carles, O. Bielsa, K.
Villadiego), Hospital Germans Trias i Pujol, Badalona, Barcelona (L. Cecchini, J.M. Saladié, L. Ibarz); Hospital de Sant Boi,
Sant Boi de Llobregat, Barcelona (M. Céspedes); Consorci
Hospitalari Parc Taulı́, Sabadell (D. Garcı́a, J. Pujadas,

Cancer Epidemiol Biomarkers Prev 2007;16(8). August 2007

Downloaded from cebp.aacrjournals.org on March 1, 2021. © 2007 American Association for Cancer
Research.

1600 Family History and Bladder Cancer Risk
R. Hernando, A. Cabezuelo, C. Abad, A. Prera, J. Prat); Centre
Hospitalari i Cardiològic, Manresa, Barcelona (M. Domènech,
J. Badal, J. Malet); Hospital Universitario de Canarias, La
Laguna, Tenerife (J. Rodrı́guez de Vera, A.I. Martı́n); Hospital
Universitario Nuestra Señora de la Candelaria, Tenerife
(FJ. Taño, F. Cáceres); Hospital General Universitario de Elche,
Universidad Miguel Hernández, Elche, Alicante (F. Garcı́aLópez, M. Ull, A. Teruel, E. Andrada, A. Bustos, A. Castillejo,
J.L. Soto); Universidad de Oviedo, Oviedo, Asturias; Hospital
San Agustı́n, Avilés, Asturias (J.L. Guate, J.M. Lanzas,
J. Velasco); Hospital Central Covadonga, Oviedo, Asturias
(J.M. Fernández, J.J. Rodrı́guez, A. Herrero), Hospital Central
General, Oviedo, Asturias (R. Abascal, C. Manzano, T.
Miralles); Hospital de Cabueñes, Gijón, Asturias (M. Rivas,
M. Arguelles); Hospital de Jove, Gijón, Asturias (M. Dı́az, J.
Sánchez, O. González); Hospital de Cruz Roja, Gijón, Asturias
(A. Mateos, V. Frade); Hospital Alvarez-Buylla (Mieres,
Asturias): P. Muntañola, C. Pravia; Hospital Jarrio, Coaña,
Asturias (A.M. Huescar, F. Huergo); Hospital Carmen y Severo
Ochoa, Cangas, Asturias (J. Mosquera).
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