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URINARY TRACT INFECTION AND RISK OF BLADDER CANCER
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In an epidemiologic study of 2982 bladder carcinoma patients and 5782 pop-
ulation controls from 10 geographic areas of the United States, the role of
urinary tract infection and inflammation in the etiology of this neoplasm was
evaluated. A history of urinary tract infection significantly elevated the risk of
bladder cancer, particularly in individuals who reported three or more infec-
tions (relative risk (RR) = 2.0). Significantly increased bladder cancer risk was
also found for bladder stones (RR = 1.8), while kidney stones showed no
relation. A history of three or more urinary tract infections was strongly related
to squamous cell carcinoma in particular (RR = 4.8).

bladder calculi; bladder neoplasms; diabetes mellitus; kidney calculi; urinary
tract infections

Several epidemiologic studies have sug- risk of bladder cancer was lower when

gested that infection or inflammation of analysis was restricted to infectio_s that

the urinary tract may be a risk factor for occurred more than five years before in-

cancer of the bladder. Two hospital-based terview.

case-control studies (1, 2) indicated that Bladder cancer has been reported in ex-

histories of cystitis and bladder stones cess among individuals who are prone to

were more frequent in bladder cancer pa- chronic cystitis, such as spinal cord injury
tients than in controls. A recent popula- patients (4-6). The proportion of tumors

tion-based study of bladder cancer (3) has that are squamous cell carcinoma, or

also reported an association with history mixed with elements of both squamous

of urinary tract infection, although the and transitional cell carcinoma, appears

to be especially high in these patients (7).
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absorption of these carcinogens. Also, were randomly selected from all residen-
bacterial flora in the urine may con- tial telephones in each geographic area
tribute to the production of nitrites that (98 per cent of cases also had telephones).
are converted to carcinogenic nitrosa- Controls aged 65-84 were randomly se-
mines (12-14). Alternatively, urinary lected from the enumeration of US citi-
tract infection may represent a compli- zens over age 65 obtained by the Health
cation of cancer during its early growth Care Financing Administration. Eighty-
before clinical diagnosis, three per cent of the controls thus selected

To examine the role of urinary tract in- agreed to participate (5782 controls).
fection and inflammation as risk factors Structured questionnaires were admin-
for bladder cancer, we analyzed data from istered through personal interviews con-

a large population-based case-control in- ducted by trained interviewers in respon-
terview study of bladder cancer, which dents' homes. Information obtained on
was designed to assess the role of artifi- urinary tract infections or stones that oc-
cial sweeteners and other suspected fac- curred more than one year before inter-
tors in the risk of bladder cancer (15). view, and detailed lifetime histories of to-

bacco use and diabetes, were used in anal-
METHODS yses presented here. Respondents were

Through the Surveillance, Epide- asked whether a bladder or kidney infec-
miology and End Results (SEER) Pro- tion was ever diagnosed by a physician
gram and the New Jersey Cancer Reg- and, if so, whether this kind of infection
istry, we identified residents of metropol- occurred on at least three separate occa-
itan Atlanta, Detroit, New Orleans, San sions.
Francisco, Seattle and the states of Con- The measure of association used was

necticut, Iowa, New Jersey, New Mexico the maximum likelihood estimate of the
and Utah, aged 21-84, who were newly relative risk. Potentially confounding
diagnosed with histologically proven car- variables were controlled through mul-
cinoma of the urinary bladder during a tiple contingency table analysis (16), and
one-year period beginning in December through multiple logistic regression anal-
1977. Details of the study and methods ysis with bladder cancer as the outcome
are presented elsewhere (15). During the variable (17). Logistic regressions with
study period, 4045 eligible cases were exposure as the outcome variable (18)
identified and approached for interview, gave similar results to those presented
usually within 90 days of diagnosis; 3763 here. Confidence intervals for individual
cases were alive at that time and 2982 risk estimates obtained through multiple

agreed to be interviewed. The vast ma- contingency table analysis were calcu-
jority of tumors were histologically tran- fated according to Gart (16).
sitional cell carcinomas (97 per cent). In-
formation on stage of bladder cancer at RESULTS
initial diagnosis was available from Urinary tract infection. A history ofuri-
SEER records for 1777 interviewed cases, nary tract infection was reported by 775

Controls comprised an age- and sex- cases (26 per cent) and 1076 controls (19
stratified random sample of the general per cent), and was associated with a sig-
populations in the 10 geographic areas, nificantly elevated risk of bladder cancer
using a 2:1 frequency-matching ratio of (overall relative risk (RR) = 1.6; 95 per
controls to cases. Controls aged 21-64 cent confidence interval (CI) 1.4-1.8). As
were chosen from a census of individuals seen in table 1, risks were similar for men

obtained through a random-digit dialing and women, and rose to twofold in persons
procedure, in which telephone numbers with a history of three or more infections.



512 KANTOR ET AL.

TABLE 1

Relative risks (RR) of bladder cancer associated with history of urinary tract infection,* by number of

infections; 10 geographic areas of the United States, 1978

No. of Males Females

urinary tract RR (95% confi- RR (95% confi-
infections Cases Controls Cases Controlsdence interval) dence interval)

0 1758 3642 1.0t 398 979 1.0t

1 or 2 309 423 1.5 (1.3-1.8) 145 296 1.2 (0.9-1.5)

3+ 146 152 2.0 (1.6-2.6) 176 206 2.1 (1.6-2.7)

* Maximum likelihood estimate of relative risk adjusted for race, age, smoking status (never smoked,
ex-smoker, current smoker).

t Reference category_

Multivariate analysis allowing for geo- culated by usual adult pattern of ciga-
graphic area gave similar estimates to rette use (table 3). There was no marked

those in table 1. Relative risks were con- evidence of interaction between urinary
sistent by age. tract infection and cigarette smoking: the

Relative risk estimates were also ex- joint effect of these two exposures was
amined according to pathologic stage of slightly beyond that expected under an
cancer at diagnosis (table 2). Relative additive (but not multiplicative) model,
risks were highest among individuals with the exception of persons in the most
with advanced disease, although signifi- extreme category of exposures. (Risk es-
cant twofold increases in risk were ob- timates for current smokers and ex-

served in patients with early localized smokers, and for men and women, were
disease, similar to those in table 3.)

To explore the possibility that urinary Bladder stones. A history of bladder
tract infection enhances the association stones was reported by 82 cases (2.8 per
between bladder cancer and smoking by cent) and 99 controls (1.7 per cent), and
increasing the absorption or metabolism was associated with a significantly ele-
of tobacco-derived carcinogens in the vated risk of bladder cancer (table 4).

urine, relative risk estimates were cal- Among individuals who reported no his-

TABLE 2

Relative risks of bladder cancer associated with history of urinary tract infection, t by stage of cancer at

diagnosis; 10 geographic areas of the United States, 1978

Disease limited to bladder
No. of

urinary tract Superficial Invasion Not Disease extending
infections Confined to Extension into into otherwise beyond bladder**

mucosa§ submucosa:J musculature¶ specified

05 1.0 1.0 1.0 1.0 1.0
1 or 2 1.3" 1.1 1.1 1.3" 1.6

3+ 1.8" 1.5" 1.9" 2.2* 4.8*

(No. of cases) (471) (284) (225) (658) (109)

*p < 0.05. r

t Maximum likelihood estimate of relative risk adjusted for race, sex, age, smoking.
Reference category.

§ Includes Jewett Stages O, A. (For definition of Jewett Stages, see references 24, 25.)

IIIncludes remaining Jewett Stage A.

¶ Jewett Stage B.

** Jewett Stages C, D.
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TABLE 3

Multivariate relative risk estimates of bladder cancer associated with history of urinary tract infection, by

number of infections and cigarette smoking*; 10 geographic areas of the United States, 1978

Pattern of No. of urinary tract infections
cigarette use 0 1 or 2 3 +

Nonsmokers 1.0i. 1.4 2.0

(1.1-1.7) (1.5-2.7)

Smokers+

<20 cigarettes/day 1.8 2.7 4.3
(1.5-2.1)§ (2.1-3.5) (3.0-6.0)

20-39 cigarettes/day 2.6 3.3 5.6
(2.2-2.9) (2.6-4.1) (4.1-7.5)

40 + cigarettes/day 2.6 3.9 2.8
(2.1-3.1) (2.6-5.8) (1.7-4.6)

* Multivariate analysis allowing for sex, race, age, geographic area, history of urinary tract stones.

+ Smoker refers to current or ex-smoker. Number of cigarettes per day refers to usual adult pattern
of use.

$ Reference category.
§ 95% confidence interval in parentheses.

TABLE 4

Relative risks (RR) of bladder cancer associated with history of bladder stones, by history of urinary tract

infection*; 10 geographic areas of the United States, 1978

History of bladder stones Cases Controls RR (95% confidence interval)
or urinary tract infection

No history of urinary tract infection

No history of bladder stones 2110 4560 1.0

Positive history of bladder stones 40 52 1.8 (1.1-2.8)

Positive history of urinary tract infection

No history of bladder stones 730 1024 1.6 (1.4-1.8)

Positive history of bladder stones 42 47 2.0 (1.3-3.2)

* Maximum likelihood estimate of relative risk adjusted for race, sex, age and smoking; relative to persons

with no history of either condition.

tory of urinary tract infection, the rela- for sex, race, age, smoking; 95 per cent CI
tive risk of bladder cancer associated with 1.0.-1.4). This risk was unrelated to the
bladder stones was 1.8. severity or duration of diabetes. Cigarette

Kidney stones. The role of kidney stones smoking was a confounding variable for
in bladder cancer was assessed in individ- this association, since a greater propor-
uals who reported no urinary tract infec- tion of diabetics were ex-smokers or never
tions or bladder stones. Kidney stones smoked compared with nondiabetics: the
were not associated with an increased relative risk of bladder cancer uncon-
risk of bladder cancer (RR = 1.0 adjusted trolled for smoking was 1.16 and was not
for sex, race and age). statistically significant. When urinary

Diabetes. Diabetes mellitus was evalu- tract infection was included as a control-

ated in view of its known predisposition ling variable, the bladder cancer risk as-
to urinary tract infection (23). A history sociated with diabetes remained the
of diabetes was associated with a small same.

but statistically significant increase in Squamous cell carcinoma. In view of re-
bladder cancer risk (RR = 1.21 adjusted ported excesses of squamous cell carci-
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TABLE5 sign of some bladder tumors or related to

Relative risks (RR) of squamous cell carcinoma of more aggressive disease. In addition, in-
the bladder associated with history and number formation regarding the year in which
of urinary tract infections*; 10 geographic areas

of the United States, 1978 each infection occurred was not available
and thus prevented examination of the

No. of No. of RR(95_ conn- temporal aspect of this relationship. Nev-urinary tract
infections cases denceinterval) ertheless, a causal role for infection may

0 21 1.0 be supported by the moderately increased
I or 2 7 1.9 (0.7-4.8) risk that was observed in patients with
3 + 10 4.8 (1.9-11.5) early-stage cancer and, if confirmed in fu-

* Maximum likelihood estimate of relative risk ture studies, might implicate the role of
adjusted for sex, age and smoking; relative to 0 uri- factors such as antibiotic drugs or nitro-
nary tract infections, samine formation in bladder infections

(12, 13). The slight evidence of moderate

noma of the bladder in patients with interaction observed between urinary
chronic bladder infection (7), we exam- tract infection and cigarette smoking was
ined data for the 39 patients with this his- not uniformly consistent but may suggest
tologic type in the series (1.3 per cent of that patients with cystitis may be espe-
all cases). As shown in table 5, the risks cially prone to tobacco-derived carcino-
of squamous cell carcinoma associated gens in the urine (19, 20) (perhaps
with urinary tract infection were gener- through increased exposure or penetra-
ally higher than those found for the entire tion into bladder epithelium or through
series. The relative risk was nearly five- metabolism by bacterial flora), although
fold among individuals with three or analyses were unable to allow for time re-

more infections, and was statistically sig- lationships between episodes of infection
nificant. While the tumor was beyond the and smoking pattern.
localized stage in 36 per cent of these pc- We were also able to confirm an asso-
tients (compared with 7 per cent for the ciation between bladder cancer and

entire case series), risks associated with bladder stones. The relationship was not
infection were not related to stage of dis- due to urinary tract infection, which may
ease (overall RR = 3.4 in patients with have accompanied an episode of bladder
localized disease versus 3.7 in patients stones, and is unlikely to be explained by
with regional or distant disease). Among recall bias since no increase in risk was

individuals who reported no history of observed for kidney stones. The results
urinary tract infection, the relative risk suggest that factors associated with in-
of squamous cell carcinoma associated flammation of the bladder, or bladder
with bladder stones was 4.4 (adjusted for stone formation, are etiologically rele-
sex) but was not statistically significant, vant.

The modest increase in bladder cancer

DISCUSSION risk among diabetics was not explained
This population-based case-control by their susceptibility to urinary tract in-

study confirms the association between fection. Differences between diabetics and
bladder cancer and history of urinary nondiabetics in cigarette use illustrated
tract infection. Risks of bladder cancer in- the relevance of statistical control for its

creased with number of infections among confounding effect when examining other
both men and women. The association be- risk factors in this group of patients
tween bladder cancer and urinary tract (21, 22).
infection was most pronounced in pa- Squamous cell carcinoma of the
tients with advanced cancer, which sug- bladder, although accounting for less
gests that infection may be a premonitory than 2 per cent of all cases in this series,
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was strongly associated with a history of Clinical and pathological features. Br J Urol
1972;44:561-70.

urinary tract infection. This is consistent 11. Merk FB, Pauli BU, Jacobs JB, et al. Malignant

with the high frequency of squamous cell transformation of urinary bladder in humans
cancers of the bladder among patients and in N-[4-(5-Nitro-2-furyl)-2-thiazolyl] for-

madide-exposed Fischer rats: ultrastructure of
with spinal cord injury and chronic cys- the major components of the permeability bar-

titis, or with schistosomal infections of rier. Cancer Res 1977;37:2843-53.
12. Hicks RM, Walters CL, Elsebai I, et hi. Dem-the bladder, and is likely to represent a

onstration ofnitrosamines in human urine: pre-
causal relationship, liminary observations on a possible etiology for

In summary, these results show a pos- bladder cancer in association with chronic uri-

itive association between urinary tract nary tract infections. Proc Roy Soc Med
1977;70:413-6.

infection and bladder cancer, particularly 13. Radomski JL, Greenwald D, Hearn WL, et hi.

squamous cell carcinoma. However, our Nitrosamine formation in bladder infections
and its role in the etiology of bladder cancer. Jstudy was unable to examine temporal re-
Urol I978;120:48-50.

lationships and interaction with other ex- 14. Johannson S, Wahlqvist L. Tumors of urinary

posures in establishing a causal relation- bladder and ureter associated with abuse of

ship with transitional cell carcinomas, phenacetin-containing analgesics. Acta Path
Microbiol Scand 1977;85(A):768-74.

Further epidemiologic and laboratory 15. Hoover RN, Strasser PH, Child MA, et al: Ar-

studies aimed at exploring these findings tificial sweeteners and human bladder cancer:
preliminary results. Lancet 1980;2:837-40.

may help in delineating mechanisms of 16. Gart JJ. Point and interval estimation of the
bladder carcinogenesis, common odds ratio in the combination of 2 ×

2 tables with fixed marginals. Biometrika
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