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Abstract
Epidemiological evidence is accumulating that sexual
history may be associated with prostate cancer, and
some studies have suggested a relation between human
papilloma virus (HPV) infections and prostate cancer.
We measured the presence of antibodies to the major
oncogenic HPV types 16, 18, and 33 among 238 subjects
with untreated prostate cancer and 210 population-based
control subjects. Odds ratios (ORs) were estimated from
multivariate logistic regression models, controlling for age
and HPV types 16, 18, and 33, simultaneously. HPV types
16 and 18 were not associated with prostate cancer [OR,
0.7; 95% confidence interval (CI), 0.4 –1.3 for HPV 16;
OR, 0.9; 95% CI, 0.5–1.9 for HPV 18]. There was a
possible association between HPV 33 and prostate cancer
(OR, 1.6; 95% CI, 1.0 –2.7), and there was a significant
excess risk for subjects with high antibody levels against
HPV 33 (OR when the difference in absorbance exceeded
0.2, 2.3; 95% CI, 1.2– 4.1). When HPV antibody levels
were modeled as continuous variables, the results were
qualitatively similar. The data do not support previous
studies that have suggested an association with HPV 16
or 18 and prostate cancer risk. Inconsistent associations
with different HPV types seen in different studies suggest
that the association may be because of chance, bias, or
confounding by some unknown risk factor that may
associate with different HPV infections in different
populations. Additional studies of the relationship
between prostate cancer and other HPV types, notably
HPV 33, could be helpful for clarifying the possible role
of sexual risk factors.
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Introduction
There has been substantial progress in epidemiological research
on prostate cancer over the last decade (1). An area of increasing interest is the possible role of number of sexual partners and
history of sexually transmitted infections as a risk factor for
prostate cancer (2–7). However, accurate information on sexual
behavior is difficult to obtain, and the association between
sexual history and exposure to specific infectious agents may be
weak and will vary across populations. Studies of prostate
cancer risk in relation to features of sexual life have obtained
some evidence for an effect of indicators of high sexual activity,
such as early intercourse, and many sexual partners (2, 4 –7).
We have previously reported tentative evidence from the current study population that marital status, early first intercourse,
and a larger number of sexual partners are associated with
increased prostate cancer risk (3). Specific sexually transmitted
infections have been associated inconsistently with prostate
cancer, with positive associations being reported with syphilis,
gonorrhea and HPV4 infection in various studies (2, 4, 7–9).
There has been particular attention given to HPV infections as possible prostate cancer risk factors, as these are
definite causes of several other forms of cancer, particularly
cervical cancer (10). HPV, especially HPV type 18, have tropism for the grandular epithelium and can immortalize prostate
epithelial cells (11). Several studies have reported that HPV
DNA was detectable in prostate cancer cells (12–17), although
other studies have not reproduced this finding (12, 18 –20).
These inconsistencies in results may be because of technical
difficulties in HPV DNA detection. There are several possible
reasons for false-positive or false-negative results, most notably
PCR contamination, degradation, or cross-linking of DNA and
tumor samples not being representative. In addition, control
samples from the target tissue cannot be readily obtained from
nondiseased persons.
Therefore, serological studies offer an attractive alternative, as they provide an integrated, readily standardized measure of long-term HPV exposure on a biological sample that can
be easily obtained from both cases and healthy controls. Indeed,
serological studies have contributed substantially to establishing the causal relationship between HPVs and several cancers,
such as cervical, vulvar, and oropharyngeal cancers in women
and men (21–23). They have also generated hypotheses in
relation to other tumor sites (24). With regard to prostate
cancer, a prospective study with ⬎20 years of follow-up reported a highly significant increased risk associated with HPV
type 18 seropositivity, although the proportion of exposed cases
was small (8). Tentative evidence suggesting an association
with HPV type 16 was reported in one serological case-control
study (4) but not in others (8, 19).

4
The abbreviations used are: HPV, human papilloma virus; OR, odds ratio; CI,
confidence interval.
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We report here results from a population-based casecontrol study of prostate cancer, in which serological evidence
of infection to three major oncogenic HPV types (16, 18, 33)
has been evaluated. Serum samples from the same study have
been used previously in analyses of steroid hormones (25) and
insulin-like growth factor I (26).
Materials and Methods
Cases and Controls. The patients and controls were participating in a population-based case-control interview study described in detail elsewhere (25, 26). All of the men under the
age of 80 years, born in Sweden and living in the Örebro
County, Sweden, at any time from January 1989 through September 1991, formed the study base. Patients in this population
with newly diagnosed prostate cancers, cytologically or histologically confirmed, were eligible to participate in the study.
Clinical records from the three participating hospitals and the
Department of Pathology at Örebro University Hospital allowed complete case ascertainment, confirmed through crosschecking the clinical records of case subjects with the regional
cancer registry. All of the tumors were staged clinically in
accordance with the tumor-node-metastasis classification system (27); among them, 26.6% were surgically staged.
Control subjects were identified contemporaneously with
case subjects. Selected every third month from the county
population register, control subjects were frequency-matched to
case subjects in 10-year age groups. All of the potential control
subjects underwent a digital rectal examination by one of us
(S-O. A.) and a prostate-specific antigen test. Men with a palpable nodule and/or elevated prostate-specific antigen serum
levels (⬎10 ng/ml) underwent additional diagnostic testing
through ultrasound-guided biopsy (four to six random samples),
and were eligible as controls only if their biopsy specimens
showed no evidence of cancer.
In the initial study, participation in the face-to-face interview and collection of blood samples (see below) was obtained
from 240 case-subjects (86% of those eligible to participate in
the study) and 235 control-subjects (82% of those eligible).
Blood samples were drawn at any given day between 8:00 a.m.,
and 10:00 a.m. from case and control subjects, before digital
rectal examination was performed or any treatment to the case
subjects was given. Most of the blood samples from case
subjects were collected within 4 – 6 weeks after diagnosis (none
collected later than 3 months), but this should not affect validity
because the likelihood of seroconversion after diagnosis is low.
Potential control subjects who did not provide blood were
generally similar (age and body mass index) to those control
subjects who did. Blood samples were centrifuged at 1200 ⫻ g
for 10 min at room temperature and stored as serum at ⫺70°C.
For the purposes of this study, serum was still available for 238
case-subjects and 210 control-subjects. The mean ages were
69.8 and 69.9 years, respectively.
Laboratory Methods. Serum samples, packed in dry ice, were
shipped from the Örebro University Hospital to the Karolinska
Institutet. They were analyzed by experienced laboratory personnel under the supervision of J. D. No one in the analyzing
laboratory was aware of the case-control status of the samples.
Seropositivity for HPV was determined by the standard
ELISA assay, using baculovirus-expressed capsids (28), with
disrupted capsids of bovine papillomavirus as negative control
(29, 30). The HPV 16 capsids were obtained from Dr. John T.
Schiller, National Cancer Institute (Bethesda, MD), whereas the
HPV 18 and 33 capsids were obtained from Dr. Martin Sapp,
University of Mainz (Mainz, Germany). To ensure that the

Table 1

Distribution of serologic measurements (absorbance units) of HPV
infection among 238 cases and 210 controls
Mean (SD)

Wilcoxon test

HPV type
HPV 16
HPV 18
HPV 33

Cases

Controls

P

54.7 (104.8)
52.0 (97.3)
121.6 (213.6)

61.6 (133.9)
60.6 (102.6)
84.6 (169.3)

0.95
0.14
0.13

cutoff levels used to assign positivity from continuous values
were representative, the evaluation was based on cutoff levels
already established from previous work. For HPV16, previous
work had determined that a cutoff level of 100 absorbance units
was able to distinguish HPV16-infected and virgin women (31).
However, patients with cervical cancer and normal subjects
were more clearly distinguished using a higher cutoff level
(which, relative to internal standards, corresponds to 0.292 in
the present study; Ref. 29), presumably because rapidly cleared
(transient) infections induced lower levels of antibodies than do
persistent infections (32). The specificity of the serology for
the sexually transmitted HPV types was high, because no antibodies could be found in panels of serum samples from virginal
women analyzed in parallel with sera of the present study (31).
Statistical Methods. In the first analytic step, cases and controls were compared using univariate methods. As the HPV
antibody levels were heavily skewed, we used both t tests (with
and without assumption of equal variances) and nonparametric
two-sample Wilcoxon tests. Because many samples had no
detectable antibody (zero absorbance), we decided not to present analyses based on logarithmically transformed variables. In
the multivariate modeling, the logistic regression model was
used. Estimates were obtained by the maximum likelihood
method and these were then converted to ORs as estimates of
relative risk with 95% CI. In the testing Wald, likelihood ratio
and score tests were used. The variables were used both in their
continuous and categorized form. Because the controls were
matched for age, adjustment for age was made in the logistic
regression estimation.
Results
The mean value for serological measurement of HPV 16 and 18
was lower for cases than for controls, whereas cases had higher
mean values for HPV 33. The distributions for all three of the
HPV types were strongly skewed. In simple unadjusted comparisons between groups, the difference between cases and
controls with regard to HPV 16, and HPV 18 was not statistically significant. For HPV 33, the difference was also not
statistically significant, although the absorbance units were
⬃50% higher in cases than in controls (Table 1).
The proportion of subjects who were seropositive for HPV
16 and HPV 18 (absorbances exceeding the cutoff value of 0.1)
was small, in the range of 11–15%, without any appreciable
differences between cases and controls. For HPV 33, the seropositive proportion was 29% among cases and 23% among
controls (Table 2). Because the age distribution among cases
and controls was similar (mean values 69.9 and 69.8 years),
age-adjusted logistic regression analyses produced essentially
the same results as univariate analyses. With the antibody
measurements in their original untransformed form, we found
no association between HPV 16 or HPV 18 and risk of prostate
cancer in the age-adjusted analyses. However, for HPV 33 there
was some evidence of a positive association, which was addi-
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Table 2

ORs with 95% CIs for the association between serum titers of HPV type 16, 18, and 33, and prostate cancer

Serum titers analyzed as categorical and continuous variables with and without mutual adjustmenta.
Mutually adjusteda

Age-adjusted
HPV type
HPV 16

HPV 18

HPV 33

a

Serum titer

Cases/controls

ⱕ100
207/178
⬎100
31/32
Continuous per 200 units
ⱕ100
210/185
⬎100
28/25
Continuous per 200 units
ⱕ100
168/162
⬎100
70/48
Continuous per 200 units

OR

95% CI

OR

95% CI

1.0
0.8
0.91
1.0
1.0
0.84
1.0
1.4
1.54

Referent
(0.5–1.4)
(0.66–1.24)
Referent
(0.6–1.8)
(0.58–1.23)
Referent
(0.9–2.2)
(1.00–2.36)

1.0
0.7
0.90
1.0
0.9
0.52
1.0
1.6
2.69

Referent
(0.4–1.3)
(0.60–1.34)
Referent
(0.5–1.9)
(0.29–0.93)
Referent
(1.0–2.7)
(1.39–5.21)

Adjusted simultaneously for HPV 16, HPV 18, HPV 33, and age.

tionally strengthened after mutual adjustment between the three
different HPV types (Table 2).
Additional exploratory analyses of HPV 33 indicated an
excess risk confined to high values. Indeed, in the antibody
measurement interval of absorbances 0.101– 0.2 we found an
OR, 0.9 (95% CI, 0.5–1.6) for age-adjusted analyses and OR,
1.0 (95% CI, 0.6 –1.9) after mutual adjustment. Substantially
higher relative risks were obtained for serum titers exceeding
0.2, namely OR, 2.3 (95% CI, 1.2– 4.1) in age-adjusted analyses
and OR, 3.2 (95% CI, 1.6 – 6.4) after mutual adjustment.
When HPV antibody levels were analyzed as continuous
variables, there was no convincing positive association between
HPV 16 or HPV 18 and risk of prostate cancer; indeed, after
mutual adjustment, there was some evidence of a negative
association in relation to HPV 18. In contrast, significant positive associations were found for HPV 33 both in age-adjusted
and, even more convincingly, in mutually adjusted analyses.
Discussion
The results of this population-based case-control study show an
association between serological evidence for HPV 33 infection
and risk for prostate cancer. The risk was significantly elevated
for subjects with high antibody levels against HPV 33. In
contrast, no association between the presence of antibodies for
HPV 16 or HPV 18 and risk of prostate cancer was apparent.
Most of the earlier studies on the effect of HPV infection
on prostate cancer risk have been case series using PCR methods to detect the presence of HPV DNA. Because of the
difficulty in obtaining suitable control samples in most of these
studies the prevalence of HPV DNA in prostate cancer specimens was compared with that in benign prostatic hyperplasia
(BPH) specimens. The results have been inconsistent, with
some reports showing no relationship between HPV 16, 18, or
33 with prostate cancer (15, 18, 33, 34) and others reporting a
potential effect of HPV 16 (17, 35), HPV 18, or HPV 33 (35).
Several studies also failed to detect HPV DNA sequences in
any of the specimens, whether cases or controls (19, 20, 36).
Discrepancies between these studies may be attributable to
the use of different techniques for HPV DNA detection, including the use of different primer sets (16). The use of paraffinembedded archival samples, compared with fresh frozen samples, may also cause inconsistency and nonreproducibility in
results (37). In addition, disagreement between studies may be
the result of sampling errors. A lack of association between the
presence of HPV DNA and prostate cancer does not definitely
exclude a role for HPV infection in prostate cancer, because the
presence of HPV DNA does not reflect past exposure (only

present exposure), and for carcinogenesis past exposure is
likely to be more important.
The detection of HPV immune response in the serum, as
was used in the present study, indicates both past and present
infection and overcomes many of the limitations of the studies
using HPV DNA detection. Our data reported here are consistent with a case-control study comparing prostate cancer cases to
BPH controls, which found no evidence for an association
between HPV 16 (or HPV 11), whether measured through
antibody responses or HPV DNA from prostate specimens, and
risk of prostate cancer (19). Our results are also consistent with
a survey of HPV 16 antibodies in patients with epithelial
cancer, which found a low prevalence of HPV 16 seropositive
prostate cancer cases, both in comparison with other cancer
types and to the noncancer study group (38). However, our data
are not consistent with two nested case-control studies, which
found a weak positive association between prostate cancer and
presence of antibodies to HPV 16 (4, 8), a significant positive
association with HPV 18 antibodies (8) and a nonsignificant
inverse association between HPV 33 antibodies and prostate
cancer (8).
An important strength of this study is that this is the largest
study that has been conducted, up until now, investigating the
association between HPV infection and prostate cancer. We
measured HPV infection using serological, rather than PCR
data, and we investigated the independent effects of HPV 16,
18, and 33 on prostate cancer risk. We used a population-based
case-control study design, limiting many of the problems associated with hospital-based case-control studies, and we used
healthy male controls, rather than controls with BPH.
There are also limitations to our study. It would have been
preferable to use a nested case-control design, rather than a
case-control design, because we cannot exclude the possibility
that our results are produced by virus reactivation by the cancer,
or an increased susceptibility for infection caused by prostate
cancer. However, this is unlikely to have explained our results,
because the association with prostate cancer was specific for
HPV 33, whereas no effect was found for either HPV 16 or 18.
Because not all of the eligible cases and controls participated in
our study, there is room for selection bias. However, the proportion of refusals was low, and earlier reports from this study
are in line with current knowledge about prostate cancer (25,
26). We cannot exclude the possibility that the association
between HPV 33 and prostate cancer risk was produced by
chance, and the association appeared to be driven by a few high
values. This highlights the need to replicate these findings in
other settings.
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Inconsistent associations of prostate cancer with seropositivity for different HPV types in different studies could be the
result of chance or publication bias, but also because of confounding by some unknown risk factor that may associate with
different HPV infections in different populations. Specifically,
the spread of the HPV infection is dependent on the contact
rates and mixing patterns in the population. These factors vary
between different populations and may also vary over calendar
time in the same population. Additional studies of the relationship between prostate cancer and other HPV types, notably
HPV 33, and their relationship with sexual behavior, could help
clarify the possible role of sexual risk factors. Despite the
inconsistent epidemiological data, a direct role for HPV 33 in
prostate carcinogenesis is biologically plausible because it can
be isolated from prostate tissue (12), and HPV33 is a known
oncogenic infection, causally involved in the development of
cervical cancer (10).
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