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Abstract

Background: Sexually transmissible infections (STI)
have been variably associated with increased risks of
prostate cancer, largely in case-control studies.
Methods: In the Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial, we examined risk of prostate
cancer in relation to serum antibodies to Chlamydia
trachomatis, human papillomavirus-16 and -18, herpes
simplex virus-2, cytomegalovirus, and human herpesvi-
rus-8 in 868 cases (765 Whites and 103 Blacks) and 1,283
controls matched by race, age, time since initial screen-
ing, and year of blood draw; all blood samples were
collected at least 1 year before prostate cancer diagnosis,
except for 43Black cases.Wealso assessed risk associated
with self-reported history of syphilis and gonorrhea.
Results: Prevalences of the 7 STIs among controls were
weakly correlated, and all were more frequent among

Blacks than Whites, except for human herpesvirus-8.
Among Whites, prostate cancer risk was not signifi-
cantly associated with the individual infections or
with their number (P trend = 0.1); however, men with
one or more STI had slightly higher risk (odds ratio,
1.3; 95% confidence interval, 1.0-1.6). Among Blacks,
excess risk was associated with IgA antibody to C.
trachomatis (odds ratio, 2.1; 95% confidence interval,
1.2-3.6).
Conclusion: This large prospective study of prostate
cancer shows no consistent association with specific
STIs and a borderline association with any versus
none. Whether a shared response or correlated infection
not directly measured underlies the weak association
requires further study. (Cancer Epidemiol Biomarkers
Prev 2008;17(9):2374–81)

Introduction

Prostate cancer is the most common cancer among
American men, but its risk factors, aside from older age,
African American race, and family history, are poorly
understood (1). Causes for the racial disparity in prostate
cancer incidence are unknown. Cultural variations in
environmental and lifestyle factors, including male sexual
behavior, have been suspected to play a role (2, 3).

In a meta-analysis of mostly case-control studies by
Dennis et al. (4), self-reported history of sexually
transmissible infections (STIs), particularly syphilis and
gonorrhea, was associated with increased prostate cancer
risk [odds ratio (OR), 1.4; 95% confidence interval (95%
CI), 1.2-1.7], as were an increased number of sexual
partners and higher frequency of sexual activity (4).
Combining self-reported and laboratory data, a subse-
quent meta-analysis by Taylor et al. (5) found elevated
prostate cancer risks associated with gonorrhea, human
papillomavirus (HPV), and any STIs (OR, 1.4-1.5, all

statistically significant). However, subsequent large pros-
pective studies [with 691 (6, 7), 738 (8), 804 (9), and 2,263
(10) prostate cancer cases] found no association for self-
reported history of syphilis and gonorrhea (10), no asso-
ciation for seropositivity of HPV-16, HPV-18, and
HPV-33 (7, 9), no association (7) or a reduced risk for
Chlamydia trachomatis seropositivity (OR, 0.7; ref. 8), and
a reduced risk for human herpesvirus-8 (HHV-8)
seropositivity (OR, 0.7; ref. 7), although one found an
increased risk for Trichomonas vaginalis seropositivity
(OR, 1.4; ref. 6). In tissue-based studies, the presence of
HPV [summarized by Taylor et al. (5)], C. trachomatis (11,
12), HHV-8 (13), herpes simplex virus (HSV)-2 (14, 15),
and cytomegalovirus (CMV; refs. 14, 16) has been
reported in prostate cancer or other prostate samples.
However, other studies have failed to detect these agents
(5, 17-20), potentially reflecting tumor sampling artifacts,
DNA degradation, PCR contamination, or even a ‘‘hit-
and-run’’ effect (21).

These prior studies focused on one or a few STIs at a
time with limited ability to address joint effects. Further-
more, more data from large prospective investigations
could help confirm or refute the suggestive case-control
associations. We therefore examined prostate cancer risk
associated with serum antibodies against C. trachomatis ,
HPV-16 and -18, HSV-2, CMV, and HHV-8, and with self-
reported history of syphilis and gonorrhea, using pro-
spectively collected serum specimens and questionnaire
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data from the Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial.

Materials and Methods

PLCO Trial. The PLCO Cancer Screening Trial is a
randomized community-based study designed to evalu-
ate the effectiveness of cancer screening tests on site-
specific cancer mortality. Detailed descriptions of the
Trial were provided elsewhere (22-24). Briefly, about
77,000 men and 77,000 women ages 55 to 74 years were
recruited to the Trial through direct mailings, advertise-
ments, and other means. Enrollment took place between
September 1993 and July 2001 at 10 screening centers
(Washington, DC; Detroit, MI; Salt Lake City, UT;
Denver, CO; Honolulu, HI; Minneapolis, MN; Marsh-
field, WI; Pittsburgh, PA; St. Louis, MO; and Birming-
ham, AL). Non-Hispanic Whites and Blacks comprised
88% and 5% of the participants, respectively. Approxi-
mately 50% of the participants were randomized to the
intervention arm, which for males included periodic
screening tests for prostate cancer (prostate-specific
antigen annually in years 0-5 and digital rectal examina-
tion annually in years 0-3). Data on general risk factors
and dietary intake were collected through question-
naires, and serial blood samples were obtained for
etiologic and early marker studies (25, 26). Institutional
review boards at each of the participating institutions
approved the PLCO protocol and participants provided
written informed consent.

Case Ascertainment. Prostate cancer cases in the
PLCO Trial were identified through multiple mecha-
nisms and confirmed by pathologic records. A positive
screening test for prostate cancer (prostate-specific
antigen >4 ng/mL or a digital rectal examination
suspicious for cancer) led to referral for clinical workup,
which may include a biopsy. In addition, participants
reported annually by mailed questionnaires whether
they had a diagnosis of cancer in the previous year and
the type and date of the diagnosis. Reports from
physicians and relatives were also collected when
available. The National Death Index and cancer registries
as available were periodically searched to enhance
completeness of endpoint ascertainment. For subjects
with suspected or reported prostate cancer, medical
records, including clinical and pathologic data pertinent
to the date of diagnosis, stage and grade (Gleason score),
etc., were obtained and coded by trained abstractors.

Nested Case-Control Study. Subjects were eligible if
they had been randomized to the intervention arm, were
non-Hispanic White or Black men, had a valid PLCO
screen for prostate cancer (prostate-specific antigen or
digital rectal examination) between October 1993 and
September 2001, completed the baseline risk factor
questionnaire, provided a blood sample, signed the
informed consent, and reported no prior history of
prostate cancer (n = 28,243; refs. 27-36). Case subjects
were men with a pathologically confirmed diagnosis of
prostate adenocarcinoma. Among Whites, we included
only cases diagnosed z1 year after their first valid
prostate cancer screen (n = 765). Among Blacks, we had
60 cases diagnosed at least 1 year after the screening; to
increase power, we also included 43 cases diagnosed at

enrollment or within 1 year of screening for a total of 103
Black cases. Cases diagnosed with stage III to IV or
Gleason score of z7 were considered aggressive. For
comparison, 1,283 men without a diagnosis of prostate
cancer at the time of case diagnosis were selected as
controls using incidence density sampling, frequency
matched by age (55-60), ethnicity (1.2:1 for Whites and
4:1 for Blacks), time since initial screening (1-year
interval), and year of blood draw. All subjects were
followed from their first valid prostate cancer screen to
first occurrence of prostate cancer, loss-to-follow-up,
death, or September 30, 2001, whichever came first. Both
cases and controls had an average follow-up of 1.6 years
with mean of 1.4 post-enrollment screening visits before
diagnosis/selection.

Assessment of Syphilis and Gonorrhea. At study
entry, participants completed a risk factor questionnaire
reporting whether a doctor had ever told them that they
had syphilis or gonorrhea. We compared these cases both
with controls in the nested case-control study and to all
at-risk PLCO participants in the intervention arm. Other
information collected in the baseline questionnaire
included marital status, education, weight, height, use
of nonsteroid anti-inflammatory drugs (NSAIDs), smok-
ing behavior, family history of prostate cancer, and
history of enlarged prostate or benign prostatic hyper-
trophy, prostate biopsy, and vasectomy.

Serologic Assessment. Serum samples were collected
from intervention arm participants at study entry,
processed within 2 h of the blood draw, and stored at
�70jC or lower. Aliquots of 100 AL serum were sent to
five separate laboratories for assays, standardized with
predetermined cutoff points, categorizing the infection
status as positive, negative, or equivocal. Laboratory
personnel were blinded to case-control status. Thirty-
three masked replicate samples from four individuals
were tested to assure satisfactory performance for each
serologic assay before proceeding with the study
samples. All assays, except HHV-8, were done in dupli-
cates, and a third test was done for discordant calls; for
each batch, internal positive and negative quality-control
samples were tested to ensure quality performance of the
assays. For HHV-8, three positive and three negative
controls were run on each plate composed of 96 samples;
the control values were required to be within a narrow
range or the plate was repeated. We also interspersed
96 pairs of blinded duplicate samples (from 48 Whites
and 48 Blacks) among the study samples to evaluate
assay reproducibility. For 50 of the controls, we added a
second sample collected 1 year after the baseline serum,
placed immediately adjacent to a subject’s corresponding
baseline sample to test intraindividual variability.

C. trachomatis. Using a commercial ELISA (Medac),
we measured IgA and IgG antibodies to a synthetic
peptide derived from the major outer membrane protein
of C. trachomatis that is common among all serotypes;
sensitivity and specificity of these assays have been
reported to range from 79% to 88% and 82% to 89%,
respectively (8, 55). Also, we tested subjects seropositive
for IgA or IgG antibodies to major outer membrane
protein for IgG to C. trachomatis heat shock protein 60 as
a presumptive indicator of repeated or persistent
infection (56). An absorbance cutoff value of >1.1
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indicated IgG and IgA antibodies to C. trachomatis and
IgG antibodies to heat shock protein 60. HPV-16 and -18:
We used a virus-like particle–based enzyme immunoas-
say to measure serum IgG against HPV-16 and -18
capsids as described previously (57). The virus-like
particles were produced in the Trichoplusia ni (High-
Five) cells (Invitrogen) from a recombinant baculovirus
that expresses the L1 gene of HPV-16 or HPV-18 and
purified by density-gradient ultracentrifugation as de-
scribed previously (58). The cutoff for seropositivity was
defined as an absorbance value greater than the mean F
3 SDs of serum samples from children, ages 1 and
5 years, after exclusion of outliers. HSV-2: HSV-2 IgG
antibodies were measured using a solid-phase enzymatic
immunodot assay with a purified glycoprotein specific
for HSV-2 as the antigen (59, 60). The assay has been
tested widely for a large number of samples collected in
the National Health and Nutrition Examination Survey II
and III with sensitivity >98% and specificity >99% (59).
CMV: CMV IgG antibodies were measured using
commercially available Microparticle Enzyme Immuno-
assay (AxSYM CMV IgG assay; Abbott Laboratories) and
the manufacturer-recommended cutoff for seropositivity.
The presence of at least 15 antibody units per mL of
sample is indicative of past or current infection with
CMV. Results of z10 but <15 antibody units per mL are
considered equivocal. The relative sensitivity was 99.7%
and specificity was 100% according to the manufacturer
(61, 62). HHV-8: Antibodies to HHV-8 were measured by
ELISA to detect IgG against the HHV-8 K8.1 structural
glycoprotein expressed during lytic viral replication as
described previously (63, 64). The cutoff for seropositiv-
ity was calculated as the mean of the three negative
controls on the plate plus 0.75 to correct for plate-to-plate
variability.

Statistical Analysis. We calculated modified j coef-
ficients for agreement between the blinded duplicates as
suggested (65). To evaluate the correlation between the
STIs, we calculated Spearman correlation coefficients and
P values from m2 tests. Conditional logistic regression,
conditioning on the four matching factors of age,
ethnicity, time since initial screening, and year of blood
draw, was used to estimate OR and 95% CI for the
association with each STIs, including analysis on any STI.

Additional adjustment of potential confounding factors,
including family history of prostate cancer, education,
NSAID use, smoking, and marital status, yielded
virtually no change in results; thus, results were not
presented herein. We also did unconditional logistic
regression models and the results were very similar (data
not shown). The small numbers of serologic tests
classified as equivocal were analyzed as positives; in
sensitivity analyses, exclusion of these samples yielded
very similar results (data not shown). We constructed a
summary variable for total number of past infections
(range, 0-7) from the five serologically identified STIs
(C. trachomatis by IgA or IgG, HPV-16/18, HSV-2, CMV,
and HHV-8) and two self-reported histories (syphilis and
gonorrhea). We used this variable to perform trend tests
for the associations with prostate cancer risk in logistic
regression models. To explore potential risk modifica-
tions by suspected prostate cancer risk factors or
inflammation-related factors, we conducted stratified
analyses using questionnaire data (e.g., education,
marital status, family history of prostate cancer, history
of hepatitis infection, and use of NSAID such as aspirin-
or ibuprofen-containing products), clinical information
(e.g., stage, Gleason score, and age at diagnosis), and
genotypes (e.g., single nucleotide polymorphisms in
RNASEL, NOS2A, NOS3, SOD1, SOD2, SOD3, IL1B,
IL6, IL8, IL10, TNF, PTGS2, PPARD , and PPARG genes;
refs. 28-30, 32, 34). To analyze associations with self-
reported history of syphilis and gonorrhea among all at-
risk PLCO participants in the intervention arm, we used
Cox proportional hazards regression to estimate relative
risk and 95% CI, adjusting for age, center, education,
smoking status, NSAID use, and family history of
prostate cancer. Two-sided P-values < 0.05 were consid-
ered statistically significant.

Results

Table 1 summarizes the quality-control data for each
serologic test. For both reproducibility of blinded
duplicate samples (n = 96 pairs) and intraindividual
agreement of samples collected 1 year apart (n = 50
pairs), j values z0.7 were obtained for all assays, except
the reproducibility of HPV-18 (j = 0.6).

Table 1. Performance evaluation of serologic assays used in the study

Infection Assay Type Reproducibility of blinded
replicates (n = 96 pairs)

Intraindividual agreement*
(n = 50 pairs)

jc n pairs jc n pairs

��b �+x ++k ��b �+x ++k

C. trachomatis Major outer membrane IgA 0.90 86 1 5 1.00 48 0 2
protein peptide ELISA IgG 0.74 69 7 13 0.82 42 2 5

HPV-16 Virus-like particle ELISA 0.90 57 3 20 0.79 46 1 2
HPV-18 Virus-like particle ELISA 0.63 67 9 10 0.88 44 1 4
HSV-2 HSV-2-specific glycoprotein

immunodot
0.96 51 2 41 1.00 47 0 3

CMV ELISA 0.92 13 2 77 0.90 13 2 35
HHV-8 K8.1 ELISA 0.81 68 5 14 0.74 45 2 3

*Samples taken 1 y apart.
cExcluding equivocal results.
bConcordant negative.
xDisconcordant.
kConcordant positive.
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Prevalences of the 7 STIs were weakly correlated among
controls, similarly for Whites and Blacks (Table 2).
C. trachomatis IgA and IgG antibody positivities were
significantly correlated and both were positively corre-
lated with HSV-2 seropositivity; correlation with self-
reported history of syphilis and gonorrhea was slightly
stronger for C. trachomatis IgA than IgG. Likewise,
seropositivity for HPV-16 and HPV-18 were significantly
correlated and both were positively correlated with
HSV-2 seropositivity; correlation with self-reported his-
tory of gonorrhea was slightly stronger for HPV-16 than

HPV-18. Seroprevalences of CMV and HHV-8 appeared
to be less correlated with those of other infections.

Cases and controls of both racial groups were similar
with respect to body mass index, smoking behavior, use
of NSAIDs (aspirin or ibuprofen), history of prostatitis,
and prior vasectomy (Table 3). For both racial groups,
cases were significantly more likely than controls to have
a history of benign prostatic hypertrophy or prostate
biopsy and had higher prostate-specific antigen levels
and prevalence of prostate enlargement detected at study
entry. Among Whites, a higher percentage of cases than

Table 2. Correlation coefficients for prior STIs among nested controls in the PLCO Cancer Screening Trial, 1993-
2001

Infection Race Prevalence
(%)

Correlation coefficients*

C. trachomatis
(IgA)

C. trachomatis
(IgG)

HPV-16 HPV-18 HSV-2 CMV HHV-8 Syphilis
(self-reported)

C. trachomatis (IgA) Whites 5.1
Blacks 12.8

C. trachomatis (IgG) Whites 9.7 0.4***
Blacks 35.7 0.2***

HPV-16 Whites 10.6 �0.02 0.05
Blacks 47.5 0.1* 0.003

HPV-18 Whites 8.1 0.04 0.05 0.3***
Blacks 43.2 �0.005 �0.05 0.4***

HSV-2 Whites 9.7 0.09* 0.1*** 0.2*** 0.1**
Blacks 49.1 0.1 0.2* 0.06 �0.01

CMV Whites 68.4 0.05 �0.01 0.1** 0.05 0.03
Blacks 89.4 0.05 0.02 �0.008 0.01 0.1

HHV-8 Whites 11.3 �0.04 0.01 0.0009 �0.02 �0.04 0.04
Blacks 6.0 �0.06 0.03 0.1 0.08 �0.04 0.01

Syphilis (self-reported) Whites 0.6 0.2*** 0.07 0.06 0.08 0.1** 0.03 0.01
Blacks 5.7 0.06 �0.02 0.1 0.03 0.2* 0.04 0.2*

Gonorrhea (self-reported) Whites 3.0 0.08* 0.03 0.1*** 0.07 0.1** �0.03 �0.04 0.2***
Blacks 31.4 0.04 0.01 0.02 0.006 0.1* 0.002 0.09 0.3***

*, Pm2 V 0.01; **, Pm2 V 0.001; ***, Pm2 V 0.0001.

Table 3. Self-reported baseline and clinical characteristics of prostate cancer cases and nested controls among
Whites and Blacks in the PLCO Cancer Screening Trial, 1993-2001

Median (interquartile range) or %

Whites Blacks

Cases
(n = 765)

Controls
(n = 915)

Cases
(n = 103)

Controls
(n = 368)

Age (y) 65 (61-68) 65 (61-68) 64 (60-69) 64 (60-68)
Married or living as married 86.1 86.5 72.9 70.8
College graduate or higher 42.4* 41.3 25.2 29.2
First-degree family history of prostate cancer 11.4* 6.9 8.7 8.0
BMI (kg/m2) 26.7 (24.5-29.2) 27.1 (24.9-29.7) 27.3 (25.2-30.3) 27.4 (24.6-30.8)
Current smoker 7.8 9.5 20.8 18.6
Former smoker 50.7 51.4 48.1 47.4
Frequent NSAID use (z4/mo, aspirin or ibuprofen) 49.9 53.8 35.5 38.6
History of prostatitis 9.2 7.5 7.6 5.4
History of benign prostatic hypertrophy 29.7* 25.4 30.2* 20.2
Prior prostate biopsy 11.1* 6.3 15.5* 5.1
Prior vasectomy 25.9 26.6 6.7 7.4
Prostate-specific antigen (ng/mL) at entry 4.2 (2.8-6.6)* 1.1 (0.7-2.1) 4.2 (2.8-9.0)* 1.2 (0.7-2.0)
Enlarged prostate at entry 21.6* 8.2 22.4* 9.5
Advanced stage (III-IV) or Gleason score (z7) at diagnosis 38.2 — 47.7 —

*Statistically different from race-specific controls (PPearson correlation < 0.05 or Pm2 < 0.05).
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controls reported a family history of prostate cancer in
fathers or brothers, and cases were slightly more frequent
than controls to report a college degree or higher
education; these characteristics did not differ significant-
ly among Blacks.

Among controls, Blacks had higher seroprevalences of
all studied STIs, except HHV-8 (Table 4). Among Whites,
none of the infections individually was significantly
associated with prostate cancer risk. Among Blacks, IgA,
but not IgG, seropositivity toC. trachomatis was associated
with increased risk of prostate cancer; this association was

slightly stronger (OR, 2.3; 95% CI, 1.2-4.1) after exclusion
of men with weak-positive results. Among subjects
seropositive for IgA or IgG antibodies to C. trachomatis ,
f40% of Whites and 74% of Blacks also had antibodies to
C. trachomatis heat shock protein 60, but these percentages
did not differ between cases and controls.

Among Whites, slightly more cases than controls were
positive (seroprevalence or questionnaire-based) for at
least one STI; positivity for any STI was associated with a
1.3-fold increased risk of prostate cancer (95% CI, 1.0-1.6;
P = 0.05; Table 4). The dose-response trend for number of

Table 4. Prior STIs and risk of prostate cancer among Whites and Blacks in the nested case-control study, PLCO
Cancer Screening Trial, 1993-2001

Serologic antibodies to Whites Blacks

Cases, n Controls, n OR (95% CI) Cases, n Controls, n OR (95% CI)

C. trachomatis (IgA)
� 737 868 1.0 80 320 1.0
Weak + 4 11 3 8
+ 24 36 20 39
% Weak + or + 3.7 5.1 0.7 (0.4-1.1) 22.3 12.8 2.1 (1.2-3.6)*
C. trachomatis (IgG)
� 679 826 1.0 66 236 1.0
Weak + 18 21 5 24
+ 68 68 32 107
% Weak + or + 11.2 9.7 1.2 (0.9-1.6) 35.9 35.7 1.1 (0.7-1.7)

HPV-16
� 688 818 1.0 53 192 1.0
Weak + 20 21 32 95
+ 57 76 18 79
% Weak + or + 10.1 10.6 0.9 (0.7-1.3) 48.5 47.5 1.0 (0.7-1.6)

HPV-18
� 693 841 1.0 60 208 1.0
Weak + 20 8 16 69
+ 52 66 27 89
% Weak + or + 9.4 8.1 1.2 (0.8-1.7) 41.8 43.2 0.9 (0.6-1.5)

HSV-2
� 695 826 1.0 48 187 1.0
Weak + 1 1 0 0
+ 69 88 55 180
% Weak + or + 9.2 9.7 0.9 (0.7-1.3) 53.4 49.1 1.3 (0.8-2.0)

CMV
� 227 289 1.0 13 39 1.0
Weak + 10 7 1 2
+ 528 619 89 326
% Weak + or + 70.3 68.4 1.1 (0.9-1.3) 87.4 89.4 0.9 (0.4-1.7)

HHV-8
� 662 812 1.0 101 345 1.0
+ 103 103 2 22
% Weak + or + 13.5 11.3 1.3 (0.9-1.7) 1.9 6.0 0.3 (0.1-1.4)

Self-reported history
Syphilis
� 762 903 1.0 90 311 1.0
+ 2 6 4 19
% + 0.3 0.7 0.4 (0.1-1.9) 4.1 5.7 0.8 (0.3-2.4)

Gonorrhea
� 732 881 1.0 68 238 1.0
+ 30 26 30 115
% + 3.9 2.9 1.4 (0.8-2.2) 30.6 32.6 1.0 (0.6-1.6)

Total no. past infection
0 132 189 1.0 2 6 1.0
1 384 430 1.3 (1.0-1.6) 9 44 0.6 (0.1-3.4)
2 174 216 1.2 (0.9-1.6) 25 87 0.9 (0.2-4.7)
3 62 52 1.7 (1.1-2.6) 34 101 1.1 (0.2-5.8)
z4 9 14 0.9 (0.4-2.2) 19 75 0.9 (0.2-4.7)

PTrend* 0.1 0.6
z1, vs 0, infection 82.7 79.0 1.3 (1.0-1.6) 97.8 98.1 0.9 (0.2-4.5)
z2, vs 0 or 1, infection 32.2 31.3 1.1 (0.9-1.3) 87.6 84.0 1.6 (0.8-3.2)

*Using the total number of past infections, ranging from 0 to 7.
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STIs was suggestive albeit nonsignificant. Among Blacks,
nearly all subjects were positive for at least one STI;
compared with men with none or one STI as the reference
group, those with z2 prior STIs had a nonsignificant
elevation in prostate cancer risk. Although limited by
small numbers, we observed no obvious differential in
risk patterns between Black cases who were diagnosed at
least 1 year versus within 1 year after the serum collection.

Further exploration in White men showed no differ-
ences in risk patterns for subgroups defined by age at
diagnosis, education, marital status, history of hepatitis
infection, use of NSAIDs such as aspirin- or ibuprofen-
containing products, genotype of selected variants in
inflammation genes (P Interaction < 0.05 for only 2 of the 34
variants examined), or aggressive (stage III-IV or Gleason
score z7) versus nonaggressive cancer. Prior STI was
associated with prostate cancer among subjects without a
family history of prostate cancer (OR, 1.4; 95% CI, 1.1-1.8)
but not among those with a family history (OR, 0.8; 95%
CI, 0.3-2.3; P Interaction = 0.04). Sample size for Black men
was too small for stratified analysis.

In addition, compared with all at-risk PLCO partic-
ipants in the intervention arm, prostate cancer cases had
no excess of either syphilis (Whites: relative risk, 0.4; 95%
CI, 0.1-1.3; Blacks: relative risk, 0.7; 95% CI, 0.3-1.8) or
gonorrhea (Whites: relative risk, 1.0; 95% CI, 0.8-1.3;
Blacks: relative risk, 0.9; 95% CI, 0.6-1.4), similar to the
comparison with the nested controls (Table 4).

Discussion

Circulating antibodies against infectious agents and self-
reported history of syphilis and gonorrhea represent an
individual’s cumulative lifetime exposure or past infec-
tions and thus are particularly suited for risk evaluation
of cancer with a long latent disease process. Our analysis
is among the first to examine the effects of many STIs
simultaneously in a large prospective study of prostate
cancer risk. We found no strong association between
prior evidence of specific STIs and prostate cancer, but
having had any STI was associated with a modestly
increased risk among Whites. In the smaller number of
Black men studied, we found an increased risk associated
with IgA antibody to C. trachomatis and a nonsignificant
elevation with two or more prior STIs.

Race-specific seroprevalence estimates for some STIs
were available from nationally representative popula-
tions, although further specification by gender and age
were often not provided. Seroprevalences for Whites in
this study were similar to National Health and Nutrition
Examination Survey for CMV (78.2%; ref. 66), HPV-16
(8.0%; ref. 67), and HSV-2 (13.7%; ref. 68), whereas the
Black controls had higher seroprevalences for the latter
two agents [90.2% (66), 9.6% (67), and 40.3% (68),
respectively, in the National Health and Nutrition
Examination Survey]. Seroprevalence reports for HHV-
8 were highly variable (69); our measure of HHV-8 K8.1
was higher for both Blacks and Whites than our
laboratory had reported previously from National Health
and Nutrition Examination Survey (2.1% and 1.5%,
respectively; ref. 70), although it was similar to their
alternative National Health and Nutrition Examination
Survey estimate (7.1%, both races) based on a less-specific
cutoff (70) as used in this study. For C. trachomatis IgG

and HPV-18, our results were similar to findings from
large population-based case-control studies of Whites
[11% (8) and 3.8% (9), respectively]; national survey data
were unavailable for Black men.

Compared with other STIs, characterization of syphilis
and gonorrhea is relatively achievable through self-
reported survey because these conditions are typically
symptomatic in men and routinely investigated in clinical
settings. The frequencies of self-reported history of syphi-
lis and gonorrhea among our control subjects were similar
to self-reports in two large U.S. studies [0.1% (71) and 0.2%
(10) in Whites and 2% in Blacks (71)] and the seropreva-
lence of syphilis (0.6%, mixed races) in the 2001 to 2002
National Health and Nutrition Examination Survey.8

Although both serologic measures and questionnaire-
based self-reports may have error, such errors should be
nondifferential between cases and controls, as materials
and data were prospectively collected and laboratory
personnel were blinded to case-control status. To the
extent that nondifferential misclassification occurred, our
results may be biased toward the null.

Meta-analyses (4, 5) showed overall modest associa-
tions of prostate cancer with self-reported syphilis (OR,
1.4-2.3), gonorrhea (OR, 1.3-1.4), and history of any STIs
(OR, 1.4-1.5). These analyses were based predominantly
on case-control data for Caucasians; studies of African
Americans, serologic measures, and prospective data
have been lacking. A large population-based case-control
study of prostate cancer in U.S. Blacks (479 cases) and
Whites (502 cases) found a 1.6-fold risk associated with
self-reported history of gonorrhea or syphilis and, in a
subgroup with available serum (125 Black cases, 146
White cases), a 1.8-fold risk association with antibodies to
syphilis (71); patterns of risk were similar for Whites and
Blacks (71). The prospective Health Professionals’ Fol-
low-up Study (10), not included in either of these meta-
analyses, investigated White men with a low prevalence
of self-reported history of syphilis and gonorrhea and
found no association of either with prostate cancer risk.
C. trachomatis is the most common bacterial STI (72)

and may cause chronic persistent infections. In sexually
active men, it is the main cause of nongonococcal
urethritis and has been suspected as a probable cause
of prostatitis (12). C. trachomatis IgG antibodies were not
associated with prostate cancer in our study or in another
prospective study in U.S. Whites (7), and an inverse
association was reported in a Scandinavian study (8).
However, our finding of a significant association of
C. trachomatis IgA seropositivity with prostate cancer risk
among Blacks is suggestive. Further investigation is
warranted to illuminate whether the observed racial
disparity was due to differences in seroprevalence,
susceptibility to infection or cancer, other differences
between the racial groups, or occurred by chance.

HPV and the herpesviruses HSV-2, CMV, and
HHV-8 are all sexually transmissible, although nonsexual
routes have also been established for CMV and suggested
for HHV-8 (70, 40-43). Seroepidemiologic associations
with prostate cancer have been mixed. A meta-analysis of
eight retrospective and two prospective studies found a
significant 1.4-fold increased risk of prostate cancer with

8 http://cdc.confex.com/cdc/std2006/techprogram/P10818.HTM
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HPV seropositivity (5), but two additional reports not
included in the meta-analysis found no association with
antibodies to HPV-16, HPV-18, or HPV-33 (7, 9). HSV-2
seropositivity was not associated with prostate cancer in
a subsample of the Nordic nested case-control study
(165 cases; ref. 45). Using small convenience samples, find-
ings have been mixed for associations of CMV infection
and prostate cancer risk (16, 46, 47). Findings also were
mixed for HHV-8 seropositivity (48, 64), with the largest
reported study (691 cases) showing a modest inverse
association with antibodies to HHV-8 lytic antigens (7).

Other infections also were linked with prostate cancer
risk. Seropositivity for T. vaginalis , a relatively prevalent
but underrecognized STI, increased prostate cancer risk
in the Health Professionals’ Follow-up Study (6). A novel
retrovirus named XMRV was discovered in prostate
cancer tissues from men carrying genetic variants of
RNASEL (49). Four or more years use of tetracycline, an
antibiotic used to treat severe acne, was found to be
associated with increased prostate cancer risk (50).

A potential explanation for these disparate associa-
tions is that the host response of infection, specifically
inflammation, represents a final common pathway for
prostate cancer risk. Prostate cancer tissues frequently
contain activated inflammatory cells, including the
proliferative inflammatory atrophy lesions thought to
be precursors of early cancer development, and may
have somatic mutations in inflammation-related markers
(51, 52). Genetic and circulating markers of inflammation
and host response to infection have been variably shown
to increase prostate cancer risk, whereas intake of
NSAIDs and antioxidants has been protective (53, 54).
These considerations implicate chronic inflammation as a
potential mechanism of prostate carcinogenesis. Alterna-
tively, the diffuse associations with the various infections
may be due to correlation with a true causal factor not
directly measured.

Our study has several notable features that overcome
important limitations of previous investigations. Cases
and controls were identified from the same source popu-
lation, which was screened for prostate cancer by a stan-
dardized procedure. Data and specimens were collected
prospectively before diagnosis and were used to assess a
large number of STIs simultaneously. However, preva-
lences of the individual infections were relatively low in
our White participants and we had few Black participants,
which limited our statistical power. We attempted to
address this deficiency by including Black cases diagnosed
within 1 year of blood draw. Potentially, these cases may
be more slowly progressing or less clinically aggressive
than cases arising at least 1 year after the initial screen;
nevertheless, risk patterns did not grossly differ between
these two groups of Black cases. White participants with
at least one past infection had modestly increased prostate
cancer risk; this pattern was not replicated among our
Black participants, but very few had no past infections.

In summary, this large prospective study found no
consistent association between history of individual STIs
and prostate cancer risk. Our novel finding of an increased
risk with C. trachomatis IgA antibodies was restricted to
Blacks and requires confirmation. By studying many STIs
simultaneously, we found a modest risk associated with
any prior STI among Whites. The modest associations and
lack of specificity parallel the variable findings from pre-
vious reports and may suggest involvement of a correlated

factor or shared underlying response (e.g., inflammation)
not directly measured. Further studies in high-risk
populations would help advance our understanding of
the role of STIs in the etiology of prostate cancer.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Acknowledgments
The costs of publication of this article were defrayed in part by
the payment of page charges. This article must therefore be
hereby marked advertisement in accordance with 18 U.S.C.
Section 1734 solely to indicate this fact.

We thank Drs. Christine Berg and Philip Prorok (Division of
Cancer Prevention, National Cancer Institute), the Screening
Center investigators and staff of the PLCO Cancer Screening
Trial, Tom Riley and staff (Information Management Services),
Barbara O’Brien and staff (Westat), the staff of the serologic
testing laboratories, and the study participants for contributions
to making this study possible.

References
1. Bostwick DG, Burke HB, Djakiew D, et al. Human prostate cancer

risk factors. Cancer 2004;101:2371 – 490.
2. Quisenberry WB. Ethnic differences and socio-cultural factor in

cancer in Hawaii. Philipp J Cancer 1962;4:18 – 40-B.
3. Ravich A. Cancer of prostate; its relationship to circumcision. Acta

Unio Int Contra Cancrum 1952;8:351 – 3.
4. Dennis LK, Dawson DV. Meta-analysis of measures of sexual activity

and prostate cancer. Epidemiology 2002;13:72 – 9.
5. Taylor ML, Mainous AG III, Wells BJ. Prostate cancer and sexually

transmitted diseases: a meta-analysis. Fam Med 2005;37:506 – 12.
6. Sutcliffe S, Giovannucci E, Alderete JF, et al. Plasma antibodies

against Trichomonas vaginalis and subsequent risk of prostate cancer.
Cancer Epidemiol Biomarkers Prev 2006;15:939 – 45.

7. Sutcliffe S, Giovannucci E, Gaydos CA, et al. Plasma antibodies
against Chlamydia trachomatis , human papillomavirus, and human
herpesvirus type 8 in relation to prostate cancer: a prospective study.
Cancer Epidemiol Biomarkers Prev 2007;16:1573 – 80.

8. Korodi Z, Dillner J, Jellum E, et al. Human papillomavirus 16, 18, and
33 infections and risk of prostate cancer: a Nordic nested case-control
study. Cancer Epidemiol Biomarkers Prev 2005;14:2952 – 5.

9. Sutcliffe S, Giovannucci E, De Marzo AM, Leitzmann MF, Willett
WC, Platz EA. Gonorrhea, syphilis, clinical prostatitis, and the risk
of prostate cancer. Cancer Epidemiol Biomarkers Prev 2006;15:
2160 – 6.

10. Anttila T, Tenkanen L, Lumme S, et al. Chlamydial antibodies and
risk of prostate cancer. Cancer Epidemiol Biomarkers Prev 2005;14:
385 – 9.

11. Ostaszewska I. Chlamydia trachomatis as a probable cause of
prostatitis. Int J STD AIDS 2000;11:482 – 3.

12. Weidner W, Diemer T, Huwe P, Rainer H, Ludwig M. The role of
Chlamydia trachomatis in prostatitis. Int J Antimicrob Agents 2002;19:
466 – 70.

13. Monini P, de Lellis L, Fabris M, Rigolin F, Cassai E. Kaposi’s
sarcoma-associated herpesvirus DNA sequences in prostate tissue
and human semen. N Engl J Med 1996;334:1168 – 72.

14. Boldogh I, Baskar JF, Mar EC, Huang ES. Human cytomegalovirus
and herpes simplex type 2 virus in normal and adenocarcinomatous
prostate glands. J Natl Cancer Inst 1983;70:819 – 26.

15. Haid M, Sharon N. Immunofluorescent evidence of prior herpes
simplex virus type-2 infection in prostate carcinoma. Urology 1984;
24:623 – 5.

16. Sanford EJ, Geder L, Laychock A, Rohner TJ, Jr., Rapp F. Evidence for
the association of cytomegalovirus with carcinoma of the prostate.
J Urol 1977;118:789 – 92.

17. Baker LH, Mebust WK, Chin TD, Chapman AL, Hinthorn D, Towle
D. The relationship of herpesvirus to carcinoma of the prostate.
J Urol 1981;125:370 – 4.

18. Herbert JT, Birkhoff JD, Feorino PM, Caldwell GG. Herpes simplex
virus type 2 and cancer of the prostate. J Urol 1976;116:611 – 2.

19. Laychock AM, Geder L, Sanford EJ, Rapp F. Immune response of
prostatic cancer patients to cytomegalovirus-infected and -transformed
human cells. Cancer 1978;42:1766 – 71.

STI and Prostate Cancer Risk

Cancer Epidemiol Biomarkers Prev 2008;17(9). September 2008

2380

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/17/9/2374/2267448/2374.pdf by guest on 19 M

ay 2023



20. Serfling U, Ciancio G, Zhu WY, Leonardi C, Penneys NS. Human
papillomavirus and herpes virus DNA are not detected in benign
and malignant prostatic tissue using the polymerase chain reaction.
J Urol 1992;148:192 – 4.

21. Strickler HD, Goedert JJ. Sexual behavior and evidence for an
infectious cause of prostate cancer. Epidemiol Rev 2001;23:144 – 51.

22. O’Brien B, Nichaman L, Browne JE, Levin DL, Prorok PC, Gohagan
JK. Coordination and management of a large multicenter screening
trial: the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer
Screening Trial. Control Clin Trials 2000;21:310 – 28S.

23. Prorok PC, Andriole GL, Bresalier RS, et al. Design of the Prostate,
Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial.
Control Clin Trials 2000;21:273 – 309S.

24. Gohagan JK, Prorok PC, Hayes RB, Kramer BS. The Prostate, Lung,
Colorectal and Ovarian (PLCO) Cancer Screening Trial of the
National Cancer Institute: history, organization, and status. Control
Clin Trials 2000;21:251 – 72S.

25. Hayes RB, Sigurdson A, Moore L, et al. Methods for etiologic and
early marker investigations in the PLCO trial. Mutat Res 2005;592:
147 – 54.

26. Hayes RB, Reding D, Kopp W, et al. Etiologic and early marker
studies in the Prostate, Lung, Colorectal and Ovarian (PLCO) cancer
screening trial. Control Clin Trials 2000;21:349 – 55S.

27. Berndt SI, Chatterjee N, Huang WY, et al. Variant in sex hormone-
binding globulin gene and the risk of prostate cancer. Cancer
Epidemiol Biomarkers Prev 2007;16:165 – 8.

28. Danforth KN, Hayes RB, Rodriguez C, et al. Polymorphic variants in
PTGS2 and prostate cancer risk: results from two large nested case-
control studies. Carcinogenesis 2007;29:568 – 72.

29. Danforth KN, Rodriguez C, Hayes RB, et al. TNF polymorphisms
and prostate cancer risk. Prostate 2008;68:400 – 7.

30. Daugherty SE, Hayes RB, Yeager M, et al. RNASEL Arg462Gln
polymorphism and prostate cancer in PLCO. Prostate 2007;67:
849 – 54.

31. Daugherty SE, Shugart YY, Platz EA, et al. Polymorphic variants
in a-methylacyl-CoA racemase and prostate cancer. Prostate 2007;67:
1487 – 97.

32. Kang D, Lee KM, Park SK, et al. Functional variant of manganese
superoxide dismutase (SOD2 V16A) polymorphism is associated
with prostate cancer risk in the prostate, lung, colorectal, and
ovarian cancer study. Cancer Epidemiol Biomarkers Prev 2007;16:
1581 – 6.

33. Kang D, Lee KM, Park SK, et al. Lack of association of transforming
growth factor-h1 polymorphisms and haplotypes with prostate
cancer risk in the Prostate, Lung, Colorectal, and Ovarian Trial.
Cancer Epidemiol Biomarkers Prev 2007;16:1303 – 5.

34. Michaud DS, Daugherty SE, Berndt SI, et al. Genetic polymorphisms
of interleukin-1B (IL-1B), IL-6, IL-8, and IL-10 and risk of prostate
cancer. Cancer Res 2006;66:4525 – 30.

35. Weiss JM, Huang WY, Rinaldi S, et al. IGF-1 and IGFBP-3:
risk of prostate cancer among men in the Prostate, Lung,
Colorectal and Ovarian Cancer Screening Trial. Int J Cancer 2007;
21:2267 – 73.

36. Weiss JM, Huang WY, Rinaldi S, et al. Endogenous sex hormones
and the risk of prostate cancer: a prospective study. Int J Cancer 2008;
122:2345 – 50.

37. Madeleine MM, Anttila T, Schwartz SM, et al. Risk of cervical cancer
associated with Chlamydia trachomatis antibodies by histology, HPV
type and HPV cofactors. Int J Cancer 2007;120:650 – 5.

38. Anttila T, Saikku P, Koskela P, et al. Serotypes of Chlamydia
trachomatis and risk for development of cervical squamous cell
carcinoma. JAMA 2001;285:47 – 51.

39. Ness RB, Goodman MT, Shen C, Brunham RC. Serologic evidence of
past infection with Chlamydia trachomatis in relation to ovarian
cancer. J Infect Dis 2003;187:1147 – 52.

40. Serth J, Panitz F, Paeslack U, Kuczyk MA, Jonas U. Increased levels of
human papillomavirus type 16 DNA in a subset of prostate cancers.
Cancer Res 1999;59:823 – 5.

41. Wideroff L, Schottenfeld D, Carey TE, et al. Human papillomavirus
DNA in malignant and hyperplastic prostate tissue of Black and
White males. Prostate 1996;28:117 – 23.

42. Jenkins FJ, Hoffman LJ. Overview of herpesviruses. In: Goedert JJ,
editor. Infectious causes of cancer—targets for intervention. Totowa
(NJ): Human Press; 2000. p. 33.

43. Martin JN, Ganem DE, Osmond DH, Page-Shafer KA, Macrae D,
Kedes DH. Sexual transmission and the natural history of human
herpesvirus 8 infection. N Engl J Med 1998;338:948 – 54.

44. Korodi Z, Wang X, Tedeschi R, Knekt P, Dillner J. No serological
evidence of association between prostate cancer and infection with
herpes simplex virus type 2 or human herpesvirus type 8: a nested
case-control study. J Infect Dis 2005;191:2008 – 11.

45. Bergh J, Marklund I, Gustavsson C, et al. No link between viral
findings in the prostate and subsequent cancer development. Br J
Cancer 2007;96:137 – 9.

46. Berrington de GA, Urban MI, Sitas F, et al. Antibodies against six
human herpesviruses in relation to seven cancers in Black South
Africans: a case control study. Infect Agent Cancer 2006;1:2.

47. Hoffman LJ, Bunker CH, Pellett PE, et al. Elevated seroprevalence of
human herpesvirus 8 among men with prostate cancer. J Infect Dis
2004;189:15 – 20.

48. Urisman A, Molinaro RJ, Fischer N, et al. Identification of a novel
Gammaretrovirus in prostate tumors of patients homozygous for
R462Q RNASEL variant. PLoS Pathog 2006;2:e25.

49. Sutcliffe S, Giovannucci E, Isaacs WB, Willett WC, Platz EA. Acne
and risk of prostate cancer. Int J Cancer 2007;121:2688 – 92.

50. Nakayama M, Gonzalgo ML, Yegnasubramanian S, Lin X, De Marzo
AM, Nelson WG. GSTP1 CpG island hypermethylation as a
molecular biomarker for prostate cancer. J Cell Biochem 2004;91:
540 – 52.

51. Madaan S, Abel PD, Chaudhary KS, et al. Cytoplasmic induction and
over-expression of cyclooxygenase-2 in human prostate cancer:
implications for prevention and treatment. BJU Int 2000;86:736 – 41.

52. Nelson WG, De Marzo AM, DeWeese TL, Isaacs WB. The role of
inflammation in the pathogenesis of prostate cancer. J Urol 2004;172:
S6 – 11.

53. Platz EA, De Marzo AM. Epidemiology of inflammation and prostate
cancer. J Urol 2004;171:S36 – 40.

54. Sutcliffe S, Platz EA. Inflammation in the etiology of prostate cancer:
an epidemiologic perspective. Urol Oncol 2007;25:242 – 9.

55. Bas S, Muzzin P, Vischer TL. Chlamydia trachomatis serology:
diagnostic value of outer membrane protein 2 compared with that
of other antigens. J Clin Microbiol 2001;39:4082 – 5.

56. Ness RB, Goodman MT, Shen C, Brunham RC. Serologic evidence of
past infection with Chlamydia trachomatis , in relation to ovarian
cancer. J Infect Dis 2003;187:1147 – 52.

57. Wang SS, Schiffman M, Shields TS, et al. Seroprevalence of human
papillomavirus-16, -18, -31, and -45 in a population-based cohort of
10000 women in Costa Rica. Br J Cancer 2003;89:1248 – 54.

58. Viscidi RP, hdieh-Grant L, Clayman B, et al. Serum immunoglobulin
G response to human papillomavirus type 16 virus-like particles in
human immunodeficiency virus (HIV)-positive and risk-matched
HIV-negative women. J Infect Dis 2003;187:194 – 205.

59. Fleming DT, McQuillan GM, Johnson RE, et al. Herpes simplex virus
type 2 in the United States, 1976 to 1994. N Engl J Med 1997;337:
1105 – 11.

60. Xu F, Schillinger JA, Sternberg MR, et al. Seroprevalence and
coinfection with herpes simplex virus type 1 and type 2 in the United
States, 1988-1994. J Infect Dis 2002;185:1019 – 24.

61. Fiore M, Mitchell J, Doan T, et al. The Abbott IMx automated
benchtop immunochemistry analyzer system. Clin Chem 1988;34:
1726 – 32.

62. Halwachs-Baumann G, Wilders-Truschnig M, Enzinger G, et al.
Cytomegalovirus diagnosis in renal and bone marrow transplant
recipients: the impact of molecular assays. J Clin Virol 2001;20:
49 – 57.

63. Engels EA, Whitby D, Goebel PB, et al. Identifying human
herpesvirus 8 infection: performance characteristics of serologic
assays. J Acquir Immune Defic Syndr 2000;23:346 – 54.

64. Jenkins FJ, Hayes RB, Jackson A, et al. Human herpesvirus 8
seroprevalence among prostate cancer case patients and control
subjects. J Infect Dis 2007;196:208 – 11.

65. Fleiss J. The measurement of interrater agreement. Statistical
methods for rates and proportions. 2nd ed. New York: Wiley-
Interscience; 1981. p. 212 – 36.

66. Staras SA, Dollard SC, Radford KW, Flanders WD, Pass RF, Cannon
MJ. Seroprevalence of cytomegalovirus infection in the United States,
1988-1994. Clin Infect Dis 2006;43:1143 – 51.

67. Stone KM, Karem KL, Sternberg MR, et al. Seroprevalence of human
papillomavirus type 16 infection in the United States. J Infect Dis
2002;186:1396 – 402.

68. Xu F, Sternberg MR, Kottiri BJ, et al. Trends in herpes simplex virus
type 1 and type 2 seroprevalence in the United States. JAMA 2006;
296:964 – 73.

69. Hudnall SD. Crazy 8: unraveling human herpesvirus 8 seropreva-
lence. Clin Infect Dis 2004;39:1059 – 61.

70. Engels EA, Atkinson JO, Graubard BI, et al. Risk factors for human
herpesvirus 8 infection among adults in the United States and
evidence for sexual transmission. J Infect Dis 2007;196:199 – 207.

71. Hayes RB, Pottern LM, Strickler H, et al. Sexual behaviour, STDs and
risks for prostate cancer. Br J Cancer 2000;82:718 – 25.

72. Gerbase AC, Rowley JT, Mertens TE. Global epidemiology of
sexually transmitted diseases. Lancet 1998;351 Suppl 3:2 – 4.

Cancer Epidemiology, Biomarkers & Prevention

Cancer Epidemiol Biomarkers Prev 2008;17(9). September 2008

2381

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/17/9/2374/2267448/2374.pdf by guest on 19 M

ay 2023


