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Sexual Behavior and Evidence for an Infectious Cause of Prostate Cancer
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BACKGROUND: ENVIRONMENTAL FACTORS

Prostate cancer incidence and mortality rates vary widely
according to geography and race with more than 90-fold dif-
ferences in incidence between the highest and lowest (1, 2).
The world’s highest prostate cancer incidence is among
African-Americans who have annual age-standardized rates
of 185 per 100,000 persons (world standard population) (3).
The lowest prostate cancer incidence rates are reported in
Asian countries such as Japan (9 per 100,000 population) and
China (2 per 100,000 population) (4). Genetic factors could
explain some of these differences. However, studies of
migrants have consistently shown that risk increased follow-
ing immigration from a low-incidence to a high-incidence
country. For example, Japanese immigrants to America expe-
rienced a greater than fourfold increase in prostate cancer
rates following immigration (5), and cross-sectionally,
prostate cancer rates among Asians in America are much
higher than in their native countries (6). Similar patterns
have been observed for Asian immigrants to Australia (7).
Overall, the geographic/racial heterogeneity of prostate can-
cer rates and the effects of migration have been interpreted as
evidence that environmental factors may have important
effects on the risk of prostate tumorigenesis (8, 9).

PROSTATE CANCER AND SEXUAL BEHAVIOR

Quisenberry (10) in 1960, speculated that some of the eth-
nic differences observed in prostate cancer rates might be
due to cultural variations in male sexual behavior.
Subsequent evidence supporting this hypothesis was
reported by epidemiologic studies conducted during the
early 1970s. In a case-control study involving just 39
“recent” prostate cancer patients, Steele et al. (11) in 1971,
found self-reported history of extramarital sexual inter-
course was significantly associated with prostate cancer.
Cancer cases were also substantially (albeit, not signifi-
cantly) more likely to report having had a sexually transmit-
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ted disease, premarital sex, more than six ‘sexual partners,
and use of condoms. The investigators further-observed that
more prostate cancer cases than' controls wished they had
experienced sexual intercourse with greater frequency. The
data, they concluded, were consistent with an infectious,
sexually transmitted etiologic agent or an association of
prostate cancer with “sexual drive”, possibly due to a mutual |
association with androgenic hormone activity. Soon there-
after, in 1974, a larger and more formal case-control study f
by Krain (12) found that sequential prostate cancer patients -
(n = 221) had significantly more sexually transmitted dis-
eases, sexual partners, condom use, and frequency of sexual -
intercourse than did age- and race-matched patients with
non-genitourinary, non-cancerous conditions from the same
hospitals. '
A number of subsequent epidemiologic case-control
investigations have studied the association of prostate cancer |
with sexual behavior. Most studies through the 1990s found
an association with self-reported history of having had a sex-
ually transmitted disease (13-17). This effect, though, was
seldom statistically significant (15), and findings regarding
individual types of sexually transmitted diseases, mainly
gonorrhea and syphilis, were varied (15, 16, 18-26). Age at
first intercourse was associated with prostate cancer in sev-
eral (16, 20, 27, 28) but not all (24, 25, 29) studies, whereas
lifetime number of sexual partners was not found to be asso-
ciated with prostate cancer (14-16, 20, 25, 27, 30) except in
a small number of studies (24, 28). Few investigations
involved serologic assays for sexually transmitted diseases
(13, 14, 31, 32) and these gave conflicting results. Additional
factors, such as circumcision (14, 15, 17), which might pro-
tect against development of sexually transmitted diseases
(33), a history of homosexuality (14), and a history of sexu-
ally transmitted disease in sexual partners (20, 21) were
occasionally found to be associated with prostate cancer.
Among these studies, few involved more than 150 cases.
Hsieh et al. (26) was among the largest, with 320 hospital-
ized cases and 246 individually matched hospital controls
(26). Self-reported history of sexually transmitted diseases
was more common in that study population than in most
other investigations, 14 percent overall. Nonetheless, no
association was found between history of a sexually trans-
mitted disease and prostate cancer. Statistical power some-
what limited the interpretation of these results, however.
The sample size was reportedly adequate for detecting an
odds ratio 22.0, assuming 15 percent prevalence, just
slightly higher than the overall prevalence of sexually trans-
mitted diseases. Thus, even in that large study with a high
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prevalence of exposure, statistical power was moderate. In
addition, it is unclear from their report whether Hsieh et al.
accounted for their individually matched design in their
analyses. Assuming they did not, this would have biased the
results toward the null (34).

A study involving 250 individually matched hospitalized
cases, as well as 238 hospitalized and 240 neighborhood
controls, in contrast, found a significant association (odds
ratio (OR) = 1.9; 95 percent confidence interval (CI): 1.3,
2.5) of prostate cancer with history of sexually transmitted
disease, after accounting for individual matching and other
variables (14). The number of homosexual, but not hetero-
sexual, partners was also significantly related to prostate
cancer. However, an important concern based on the report
is whether or not this study was entirely new or involved
data from subjects reported in an earlier positive study (13).
Interestingly, the few additional studies of moderate size
gave mixed results, with some tendency for positive studies
to be those with higher sexually transmitted disease preva-
lence in the study population (15, 16) than negative studies
(23, 25).

Thus, the findings until recently were suggestive but far
from conclusive, with the most consistent limitations being
small sample size and frequent dependence on self-reported
sexual history. Moreover, the paucity of prospective studies
(e.g., nested case-control investigations) is striking. An

, observational cohort study of approximately 10,000 male
_syphilis patients, with diagnosis and follow-up between
1972 and 1987, found no association with prostate cancer
i (22). However, the population was probably too young and

the period of observation too short to have had reasonable

! expectation of detecting such a relation. In a paper by Key
: (35), summary odds ratios across published studies were

calculated, using the variance of each result to determine a

- weighted average. The summary results for age at inter-

| course, number of sexual partners, and history of sexually
- transmitted disease were each significant. The effect of
- number of sexual partners was mostly accounted for by the
K early studies of Steele et al. (11) and Krain (12), though, and
| the summary statistics by Key (35) do not represent a formal

! meta-analysis.

Recently, a large population-based case-control investiga-
tion was reported by Hayes et al. (36). The study involved
981 cases (479 African-Americans and 502 Caucasian-
Americans) and 1,315 controls. The lifetime number of sex-
ual partners.was not associated with case-control status.
However, cases were significantly more likely to report a
history of syphilis (OR = 2.6; 95 percent CI: 1.3, 5.1), to
have Treponema pallidum serum antibodies (MHA-TP)
(OR = 1.8; 95 percent CI: 1.0, 3.5), and a higher number of
episodes of gonorrhea (p_, = 0.0005) after adjusting for
age and race. Cases were also more likely to report sex with
prostitutes (OR = 2.3; 95 percent CI: 1.3, 4.2) and less fre-
quent use of condoms (p,_, = 0.009), opposite the findings
for contraceptive use in studies by Steele et al. (11) and
Krain (12) but consistent with the existence of a sexually
transmitted prostate cancer agent. Interestingly, the preva-
lence of these risk factors was considerably greater among
African-Americans.
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Thus, the largest case-control study to date suggests that
prostate cancer is associated with sexual history and, in par-
ticular, history of sexually transmitted disease. The study
was strengthened by the inclusion of serologic data, which
are invulnerable to recall or response biases. In addition, the
high rate of sexually transmitted diseases among African-
American males observed by the researchers is consistent
with US national data (37, 38), suggesting that the study
population was reasonably representative. The high rate of
sexually transmitted diseases among African-Americans is,
as well, ecologic data consistent with the possibility that a
sexually transmitted infectious etiologic agent could help
explain high rates of prostate cancer among African-
Americans. It may, furthermore, help explain some of the
disparities in earlier case-control studies, many of which
studied ethnic groups that have lower rates of sexually trans-
mitted diseases, making their estimation of relative risk
imprecise, especially given their limited sample sizes.
Because of the modest effects (i.e., odds ratios) observed by
Hayes et al. (36), issues of sample size and rates of exposure
must be carefully considered in all future studies.

Another ecologic observation, increased rates of prostate
cancer among ever married men, has also been used by
some investigators to support the sexual association of
prostate cancer. The controversial relation of prostate cancer
with marriage has been confirmed by large registry-based
studies in the United States and Europe (39, 40). One
hypothesis is that marital status and sexual drive are related,
that married men have more sexual intercourse, and that
both may be indicators of higher androgenic activity.
Against this theory, testosterone levels in the physiologic
range have not been clearly associated with sex drive or
marital status (41). No consistent association between
prostate cancer and the frequency of intercourse or ejacula-
tions has been found (11, 12, 14-16, 25, 27, 30), and no such
association was observed in the large case-control study by
Hayes et al. (36). Additionally, because sexually transmitted
diseases currently are more common in unmarried men, the
greater frequency of prostate cancer among married men at
first blanche appears to be inconsistent with an infectious,
sexually transmitted etiologic agent (38, 42). It is unclear,
however, how sexually transmitted disease history differs by .
marital status in the elderly birth cohorts from which most
prostate cancer cases arise.

VIROLOGIC STUDIES OF PROSTATE CANCER

Direct evidence of an infectious agent involved in
prostate tumorigenesis has been sought for decades. Initial

~ studies primarily focused on herpesviruses, since at the time

it was thought that these agents, mainly herpes simplex virus
type 2, might play a major role in cervical cancer.
Herpesviruses, including herpes simplex virus type 1, her-
pes simplex virus type 2, and cytomegalovirus can infect
anogenital tissues, and in vitro can immortalize human cells
(43). Moreover, Kaposi’s sarcoma herpes virus appears to be
the cause of Kaposi’s sarcoma (44), and Epstein-Barr virus
may play a role in lymphomas, as well as in nasopharyngeal
carcinoma (45). Centifanto and colleagues (46-49) and oth-
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ers (32, 50-52) during the 1970s and early 1980s found evi-
dence of herpes simplex virus and cytomegalovirus in
prostate tissue specimens. Increased herpes simplex virus
and cytomegalovirus seroprevalence among prostate cancer
cases also was reported (13, 31, 32), but not by all studies
(14), and subsequent virologic studies generally failed to
provide support (32). In particular, a small study utilizing
modern virologic methods (i.e., polymerase chain reaction)
failed to detect herpes simplex virus in benign prostatic
hypertrophy or prostate cancer (53).

More recently, Kaposi’s sarcoma herpes virus was
detected in five of eight benign prostatic hypertrophy and
two of eight prostate cancer specimens in Italy where this
virus is endemic (54). As reviewed by Blackbourn and Levy
(55), however, infected infiltrating lymphocytes or labora-
tory artifacts could explain these findings. Expression of
Kaposi’s sarcoma herpes virus-related RNA was reported in
12 of 16 prostate tissues, including four with prostate cancer
(56), but this observation has yet to be corroborated. In a
large serosurvey of cancer patients in South Africa, Kaposi’s
sarcoma herpes virus seroprevalence among 202 prostate
cancer patients was not elevated (57). In summary, although
the herpesviruses, Epstein-Barr virus, and Kaposi’s sarcoma
herpes virus are human cancer viruses, and herpesviruses
can infect anogenital tissues, there is little evidence that
herpesviruses affect the risk of prostate cancer.

The possible etiologic role of human papillomavirus in
prostate cancer is an active focus of research. Human papil-
lomavirus appears to cause most cervical cancers, and the
virus is commonly detected in cancers of the anus and penis
as well as in a subset of vaginal and vulvar tumors. Human
papillomavirus is sexually transmitted, and human papillo-
mavirus E6 and E7 proteins can immortalize human prostate
cells in vitro through their effects on the cellular tumor sup-
pressor gene products p5S3 and Rb, respectively (58). In
addition, men who develop anal cancer (a human papillo-
mavirus-associated tumor) have an increased risk of prostate
cancer (59), and the incidence of cervical and prostate can-
cer in African-Americans (both high) and Jewish-Americans
(both low) are consistent with an analogous role of human
papillomavirus in prostate cancer (3, 60). Thus, there are
biologic and epidemiologic reasons to consider human
papillomavirus as a possible cause of prostate cancer.

Studies of the detection of human papillomavirus in
prostate tissues have given mixed results (table 1). Some
found a clear cancer association with human papillomavirus
(61, 62), but others reported that human papillomavirus was
equally prevalent in benign prostatic hypertrophy and even in
normal prostate tissue (63—-67). Additional studies did not
detect human papillomavirus in any prostate tissues (53, 68,
'69). Complicating matters further, most of these investiga-
tions have been small, have used varied approaches, and there
is no obvious pattern in the methods of specimen collection,
preservation, DNA testing, or patient populations to explain
the different rates of human papillomavirus detection. .

In a recent investigation, we attempted to better under-
stand this issue by addressing some of the concerns raised
by earlier studies (70). To optimally preserve DNA, we
froze prostate cancer and benign prostatic hypertrophy tis-

N N~ -0 <2}
-

>24
222

16
None
None
E6,, 4
E6,, 19
L1,0
E6,, 10
E6 , 33
L1,0
E6, 3
E6,, 14
L1, 0
None
None
None
None
None

4
Most
Most

Benign prostatic hypertrophy controls
Benign prostatic hypertrophy controls
Benign prostatic hypertrophy controls
Benign prostatic hypertrophy controls
Benign prostatic hypertrophy controls

Benign prostatic hypertrophy controls

Prostate cancer cases

Prostate cancer cases
Prostate cancer cases
Prostate cancer cases
Prostate cancer cases
Prostate cancer cases
Prostate cancer cases

Normal

1
14
10
7
5
0

5

21
63
61
38
71
47
37

Surgical not TURP (paraffin)
Mostly TURP also SPP (frozen)
Surgical and TURP (paraffin)
Surgical and TURP (frozen)

Surgery or autopsy

TURP
Surgery

polymerase chain reaction
lapping regions) and L1
consensus primer polymerase
chain reaction

6+) consensus primer
polymerase chain reaction
polymerase chain reaction
merase chain reaction

chain reaction

E2, E6, and Et consensus primer
chain reaction

L1 consensus primer polymerase
L1 consensus primer polymerase
£6 and L1 (MY09/11 and GP5+/
Nested consensus primer
Quantitative HPV 16 E6 poly-

E®6 (two separate but over-
1 Abbreviations: TURP, transurethral resection of the prostate; SPP, suprapubic resection of the prostate; NS, not specified.

* The HPV types were reported in the table if specified by the investigators.

Suzuki et al. (87), 1996
Anderson et al. (88), 1997
Terris and Peehi (71), 1997
Gherdovich et al. (89), 1997
Strickler et al. (70), 1998
Noda et al. (72), 1998
Serth et al. (73), 1999
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sues in vapor phase liquid nitrogen immediately after col-
lection. To minimize concerns that loss of selected viral
sequences during tumorigenesis could cause negative find-
ings (71), we used two primer sets (MY09/MY11l and
GP5+/GP6+) that amplify different regions of L1, and a
third set (WD66,67,154/WD72,76) targeted to E6. To mini-
mize the possibility that patient characteristics could affect
the findings, cases were 49 African-Americans (men at high

risk of prostate cancer) and 14 Italians (intermediate risk) .

with prostate cancer, and a similar number of benign prosta-
tic hypertrophy controls from each country. The sensitivity
of the two L1 polymerase chain reaction assays was shown
to be one human papillomavirus DNA genome per 100 cells,
and the adequacy of tissue extracts for polymerase chain
reaction was demonstrated by amplification of human B-
globin DNA in all specimens except three cancers. Despite
this, no human papillomavirus DNA was detected in any
. case or control specimens by MY09/MY11 or E6 poly-
merase chain reaction. Microdissection of 27 cancer speci-
mens was conducted to minimize non-tumor DNA, but
results remained negative by MY09/MY11 and GP5+/GP6+
polymerase chain reaction. Thus, our findings suggested
that human papillomavirus DNA is uncommon in the
prostates of older men and is not associated with prostate
cancer.

Two additional polymerase chain reaction studies of
human papillomavirus and prostate cancer have been
reported since our investigation. Noda et al. (72) used a
nested polymerase chain reaction assay designed to maxi-
mize test sensitivity for a wide range of human papillo-
mavirus types. The results were positive in only three of 71
benign prostatic hypertrophy and zero of 38 prostate cancer
specimens, generally consistent with our negative findings.
In strong contrast, Serth et al. (73), using a novel quantitative
human papillomavirus type 16 E6 polymerase chain reaction
assay, found human papillomavirus type 16 DNA in most
benign prostatic hypertrophy and prostate cancer tissues
tested. Prostate cancer specimens were more likely to contain
a high viral copy number. Interpretation of this study is lim-
ited by several factors. The sensitivity and specificity of the
assay used by Serth et al. has never been demonstrated in
human tissue specimens (e.g., cervix or other accepted reser-
voirs of human papillomavirus). Additionally, it seems
improbable that a single human papillomavirus type, even an
important type such as human papillomavirus type 16, could
be present in essentially all male prostates, as only a subset
of men have probably been exposed through an infected sex-
ual partner. Human papillomavirus type 16 prevalence in the
cervix is less than 5 percent among healthy women.

Seroepidemiologic human papillomavirus studies add an
important perspective. Whereas several cross-sectional
investigations of human papillomavirus antibodies failed to
detect an association with prostate cancer (70, 74), two
prospective studies found that human papillomavirus type 16
antibodies predicted development of prostate cancer years
later (75, 76). This is similar to the situation for esophageal
cancer in which prospective (77, 78) and cross-sectional
investigations in the same laboratories have sometimes given
conflicting results (74, 79). For esophageal cancer, some

investigators have proposed a “hit and run” model of viral
tumorigenesis; that is, the virus contributes to the early
phases of tumorigenesis but may later be lost. Such a mech-
anism may also fit the human papillomavirus/prostate cancer
seroepidemiologic data. However, hit and run models are
counter to the well-established mechanisms by which human
papillomavirus is understood to cause cancer through the
actions of E6 and E7. Instead, it is more likely that the
prospective human papillomavirus serologic data may reflect
the sexual association of prostate cancer, whereas this is not
detected in cross-sectional human papillomavirus seroepide-
miologic studies because by the time prostate cancer occurs,
men have aged sufficiently that some have lost detectable
levels of human papillomavirus antibodies. In this connec-
tion, human papillomavirus antibodies, when present, are
often of low titer, and loss of antibody over time has been
reported (80, 81).

CONCLUSIONS

Overall, the association of prostate cancer with sexual
history and, particularly, sexually transmitted diseases has
been suggested by case-control investigations, but these
relations are not firmly established. Although it is not possi-
ble to entirely rule out a role for human papillomavirus or
other known sexually transmitted infections in a subset of
prostate cancers, the failure of studies using sensitive poly-
merase chain reaction assays to consistently detect viruse
in prostate cancer cells, and the marginal strength of thesj
associations when detected, are in marked contrast to the
strong, consistent association of human papillomavirus with
cervical cancer (ORs = 30-100 or more). Instead, the situ-
ation has similarities to that observed for cervical cancer
before the association with human papillomavirus was
understood: a moderate association was found with sexual
behavior and occasional weak associations were found with
herpes simplex virus or other sexually transmitted infec-
tions, each acting as surrogates for human papillomavirus.
By analogy, the findings reviewed above could reflect a yet:
unrecognized sexually transmitted infection etiologically|
related to a subset of prostate cancer. i

Such an interpretation is speculative. Given its impor-
tance, however, we argue that the suggestive findings to date
are sufficient to warrant a formal, concerted effort to iden-
tify viral sequences in prostate cancer specimens—a search
for an infectious cause of prostate cancer. Existing tech-
nologies allow testing for known and unknown infectious
agents. Kaposi’s sarcoma herpes virus, for example, was
identified using representational difference analysis (82).
The high costs and high risks of failure are obstacles to
implementation, though, and the search for an infectious eti-
ology of prostate cancer would require a special commit-
ment by bench researchers.

Epidemiologists will have a similarly difficult role. First,
prospective cohort studies will be necessary to provide addi-
tional evidence for an association between sexual behavior or
sexually transmitted diseases and subsequent risk of prostate
cancer. This will be difficult, since the effects being measured
appear to be moderate and the prevalence of sexually trans-
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mitted diseases will not be high in most populations likely to
volunteer for long follow-up studies. It may require the
pooled efforts of several research teams in possession of large
serum and appropriate databases to conduct such an investi-
gation. Once established, these multi-institutional efforts will,
additionally, be the most likely mechanisms for epidemio-
logic assessment of the causal relation of any laboratory-
defined prostate cancer-associated infectious agent(s) that is
detected.

Second, epidemiologists and clinicians will need to col-
laborate with laboratory investigators in the collection of
appropriate prostate cancer specimens for virologic testing.
Cases with a history of multiple sexually transmitted dis-
eases, selected from populations in which such an agent is
most likely to be endemic (i.e., those having high rates of
both sexually transmitted diseases and prostate cancer),
such as African-Americans, might be the most likely to
result in the identification of a novel, sexually transmitted,
prostate cancer agent.

It is uncertain whether these several efforts will result in
the discovery of an infectious cause of prostate cancer.
Nonetheless, the initiatives outlined here are reasonable
* given the high morbidity and mortality associated with this
disease. Identification of an infectious cause of prostate can-
' cer would be a major advance, providing scientists with a
* new window into prostate tumorigenesis as well as an excel-
* lent target for efforts to prevent and treat prostate cancer.
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