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ABSTRACT

Background 1t is uncertain whether male circum-
cision reduces the risks of penile human papillomavi-
rus (HPV) infection in the man and of cervical cancer
in his female partner.

Methods We pooled data on 1913 couples enrolled
in one of seven case—control studies of cervical carci-
noma in situ and cervical cancer in five countries. Cir-
cumcision status was self-reported, and the accuracy
of the data was confirmed by physical examination at
three study sites. The presence or absence of penile
HPV DNA was assessed by a polymerase-chain-reac-
tion assay in 1520 men and yielded a valid result in the
case of 1139 men (74.9 percent).

Results Penile HPV was detected in 166 of the 847
uncircumcised men (19.6 percent) and in 16 of the 292
circumcised men (5.5 percent). After adjustment for
age at first intercourse, lifetime number of sexual part-
ners, and other potential confounders, circumcised
men were less likely than uncircumcised men to have
HPV infection (odds ratio, 0.37; 95 percent confidence
interval, 0.16 to 0.85). Monogamous women whose
male partners had six or more sexual partners and
were circumcised had a lower risk of cervical cancer
than women whose partners were uncircumcised (ad-
justed odds ratio, 0.42; 95 percent confidence interval,
0.23 to 0.79). Results were similar in the subgroup of
men in whom circumcision was confirmed by medi-
cal examination.

Conclusions Male circumcision is associated with
a reduced risk of penile HPV infection and, in the case
of men with a history of multiple sexual partners, a
reduced risk of cervical cancer in their current female
partners. (N Engl J Med 2002;346:1105-12.)

Copyright © 2002 Massachusetts Medical Society.

INCE Hutchinson reported in 1855 that cir-

cumcision might prevent syphilis,! studies have

suggested that circumcision may reduce the

risk of penile cancer, urinary tract infections,
and common sexually transmitted diseases, including
human immunodeficiency virus (HIV) infection.2?
Little is known, however, about the effect of male cir-
cumcision on the risk of acquiring human papilloma-
virus (HPV). HPV causes genital warts in men and
women, and it has been linked to cancers of the cer-
vix, vulva, vagina, anus, and penis.!%!! Cervical cancer
is the second most common cancer among women
worldwide, and up to 99 percent of all cases may be
attributed to infection by oncogenic HPV geno-
types.t213 Therefore, factors that reduce the proba-
bility of acquiring or transmitting HPV among men
or women may reduce the risk of disease associated
with these infections.

During the past 15 years the International Agency
for Research on Cancer has performed several large
case—control studies of cervical cancer in different
countries. We used data from these studies to assess
the effect of male circumcision on the risk of genital
HPV infection in the men themselves and the risk of
cervical cancer in their sexual partners.
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METHODS
Study Design

Study subjects were enrolled in one of seven case—control studies,
five involving invasive cervical cancer and two involving cervical car-
cinoma in situ. The fieldwork for these studies was conducted from
1985 through 1993. Two studies each were conducted in Spain and
Colombia, and one study each was conducted in Brazil, Thailand,
and the Philippines. Details of the methods of each study, as well as
the results of analyses of some risk factors for cervical cancer, have
been published previously.!423 Female patients were women who
had newly diagnosed, histologically confirmed cervical carcinoma
in situ or invasive cervical cancer. Control women were recruited
from the general population in the two studies of invasive cervical
cancer in Spain and Colombia (population-based studies) and from
the same hospitals as the patients in the case of the other studies
(hospital-based studies). In all studies, control women were frequen-
cy-matched to the women with cervical cancer according to age.
Since male and female risk factors for carcinoma in situ were sim-
ilar to those for invasive cervical cancer, women with carcinoma in
situ and controls were also included in the present analysis.2*

Men who were eligible for the present study were the husbands
or stable partners of the women with cervical cancer and the con-
trol women enrolled in each of these studies. A man was considered
to be a stable partner of an enrolled woman if he reported having
had regular sexual intercourse with the woman for at least six
months, whether or not they were married or lived together.

All protocols were approved by the International Agency for Re-
search on Cancer and the local ethics and research committees.
Informed consent was obtained from all study subjects. Oral con-
sent was obtained from the subjects in the Spanish and Colombian
studies (which were initiated in 1985), consistent with the standard
at the time. In the remaining studies, which were initiated later,
written informed consent was obtained.

Questionnaire and Medical Examination

Subjects were interviewed with use of a standardized question-
naire administered in person by specially trained interviewers. De-
tailed information was collected on demographic and socioeconom-
ic variables, sexual history, and circumcision status.

The circumcision status was assessed by a clinician in the case of
794 of the 815 men (97.4 percent) who were recruited in the studies
in Brazil, Thailand, and the Philippines. After the exclusion of 4 men
whose circumcision status was assessed as uncertain by the clinician,
medical examination of the penis confirmed the self-reported cir-
cumcision status in 748 of 790 of the male partners (94.7 percent).
Only 1.7 percent of men (5 of 287) who reported having been cir-
cumcised were considered by the clinician to be uncircumcised, and
7.4 percent of men (37 of 503) who reported not having been cir-
cumcised were considered by the clinician as having been circum-
cised (kappa, 0.89). On the basis of this high degree of reliability,
the self-reported circumcision status was used for all analyses.

Detection of HPV DNA

Two samples of exfoliated cells were obtained from the penis:
one from the distal urethra with the use of a very thin, wet, cotton-
tipped swab and one from the external surface of the glans and coro-
nal sulcus with the use of a standard-sized wet, cotton-tipped swab.
Cervical exfoliated cells were collected from the women as previous-
ly described.!420 The detailed protocol used for the polymerase-
chain-reaction (PCR) assay for the detection of HPV DNA in the
cervical and penile specimens has been described previously.'423
Briefly, the L1 consensus primers MY09-MY11, as modified by
Hildesheim et al.,2> were used for the samples collected in the Co-
lombian and Spanish studies. The GP5+ /6+ general primer sys-
tem was used for the samples collected in the remaining studies.
PCR products were assessed for HPV DNA with the use of a cock-
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tail of HPV-specific probes and were genotyped by hybridization
of the PCR products with type-specific probes for 33 HPV types
in the case of cervical samples and for at least 6 HPV types (6, 11,
16, 18, 31, and 33) in the case of penile samples.26:27 Samples that
were positive for HPV but that did not hybridize with any of the
type-specific probes were called “HPV X.” Amplification of a frag-
ment of the B-globin gene served as an internal quality control for
cach specimen.

Statistical Analysis

We used unconditional logistic regression to estimate odds ratios
and 95 percent confidence intervals in order to measure associations
between specific variables and the risk of penile HPV infection or
cervical cancer. All logistic-regression models were adjusted for the
age of the male partner (in quartiles) and the study in which his
partner was enrolled (seven categories). Covariables in the model
for penile HPV infection included the male partner’s level of edu-
cation (primary school or less vs. secondary school or higher), the
age at which he first had sexual intercourse (<16, 17 to 18, or =19
years), his lifetime number of sexual partners (1 to 5, 6 to 20, or
=21), and his self-reported frequency of genital washing after inter-
course (always vs. occasionally or never). The Wald test, adjusted for
the same covariables, was used to assess the association of each var-
iable with circumcision status. Further adjustment for case—control
status or the presence of cervical HPV DNA did not substantially
alter the point estimates, and these variables were not included in
the analyses. Logistic-regression models for cervical cancer were also
adjusted for the woman’s age, her lifetime number of sexual part-
ners, and the age at which she first had sexual intercourse. Fisher’s
exact test was used to assess the association between male circum-
cision status and the risk of penile HPV infection, with stratification
according to several characteristics of the men.

We assessed whether the association of circumcision status with
the risk of penile HPV infection and cervical cancer differed signif-
icantly according to the country in which the various studies were
conducted by including in the fully adjusted logistic-regression
model an interaction term combining country and circumcision
status. A two-sided P value of less than 0.05 was considered to in-
dicate statistical significance.

RESULTS
Study Subjects

Of the 3790 women (1896 women with cervical
cancer and 1894 controls) who were enrolled in the
seven case—control studies, 2800 (1329 women with
cervical cancer and 1471 controls) reported having a
husband or stable male partner at study entry. A total
of 984 of the 1329 partners of women with cervical
cancer (74.0 percent) and 937 of the 1471 partners of
control women (63.7 percent) were interviewed. Of
these, 807 partners of patients (82.0 percent of those
interviewed) and 717 partners of control women (76.5
percent) provided cytologic specimens, of which 610
(75.6 percent) and 533 (74.3 percent), respectively,
yielded a valid PCR result. Eight men whose circum-
cision status was unknown (four with a valid PCR re-
sult and four who did not provide samples) were ex-
cluded from the analyses.

Opverall, the men whose HPV status could be con-
firmed by PCR assay were similar to the men whose
HPYV status could not be established with respect to
age, level of education, circumcision status, and var-
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iables related to sexual behavior. In Colombia, highly
educated men were more likely than less educated men
to have a valid PCR result. In Thailand, uncircumcised
men and men who reported having had a large num-
ber of sexual partners were more likely to have a valid
PCR result than their counterparts. However, the ex-
clusion of men from Thailand did not substantially al-
ter the magnitude of the associations.

Women whose partners participated in the study did
not differ significantly from women whose partners
did not participate with respect to age, level of educa-
tion, or variables related to sexual behavior. Likewise,
women whose partners were tested for HPV infection
were similar to those whose partners were not tested.

Characteristics of the Subjects

The overall prevalence of self-reported circumcision
was 19.3 percent (370 of 1913 men): 1.5 percent in
Colombia, 6.1 percent in Brazil, 10.0 percent in Thai-
land, 11.5 percent in Spain, and 91.0 percent in the
Philippines. As compared with uncircumcised men,
circumcised men had a higher level of education, were
less likely to report frequent genital washing after sex,
and were more likely to have good genital hygiene, as
assessed by a physician (Table 1).

Circumcision and Penile HPV Infection

HPV DNA was detected in 182 of the 1139 penile
specimens (16.0 percent). The most common HPV
genotypes were 16 (24.7 percent of all positive sam-
ples), 18 (4.9 percent), 6 or 11 (3.3 percent), 53 (3.3
percent), 31 (2.7 percent), and 33 (2.2 percent). The
type could not be identified in the case of 51.1 per-
cent of the positive samples. HPV types 35, 39, 45,
51, 52, 54, and 59 each accounted for less than 1.5
percent of the positive samples.

HPV was detected in 19.6 percent of uncircumcised
men (166 of 847) and 5.5 percent of circumcised men
(16 of 292). As compared with uncircumcised men,
circumcised men had a lower prevalence of HPV in-
fection in all subgroups defined according to base-line
characteristics (Table 2).

The overall odds ratio for penile HPV infection as-
sociated with self-reported circumcision was 0.37 (95
percent confidence interval, 0.16 to 0.85), after adjust-
ment for age, study location, level of education, age at
first sexual intercourse, lifetime number of sexual part-
ners, and frequency of genital washing after sex. The
adjusted odds ratio associated with clinician-assessed
circumcision was 0.44 (95 percent confidence inter-
val, 0.17 to 1.13). There was an inverse association be-
tween circumcision and the risk of HPV infection in
all studies (P for heterogeneity=0.87), and this find-
ing persisted whether or not the female partner had
cervical HPV infection or had been given a diagnosis
of cervical cancer (data not shown). The only other

TABLE 1. CHARACTERISTICS OF UNCIRCUMCISED

AND CIRCUMCISED MEN.*

CIRCUMCISED
UNCIRCUMCISED Men
CHARACTERISTIC Men (N=1543)  (N=370) P VaLuet
no. (%)

Study location <0.001
Brazil 139 (9.0) 9 (2.4)
Colombia 464 (30.1) 7 (1.9)
Thailand 361 (23.4) 40 (10.8)
Philippines 24 (1.6) 242 (654)
Spain 555 (36.0) 72 (19.5)

Age 0.43
<37yr 399 (25.9) 97 (26.2)
38-46 yr 363 (23.5) 102 (27.6)
47-56 yr 381 (24.7) 89 (24.0)
=57 yr 400 (25.9) 82(22.2)

Level of education 0.06
Never attended school 179 (11.6) 8(2.2)
Primary school 862 (55.9) 123 (33.2)
Secondary school or higher 499 (32.3) 239 (64.6)
Unknown 3(0.2) 0

Age at first sexual intercourse 0.14
<16 yr 573 (37.1) 65 (17.6)
17-18 yr 408 (26.4) 84 (22.7)
=19 yr 560 (36.3) 221 (59.7)
Unknown 2(0.1) 0

Lifetime number of sexual partners 0.52
1-5 490 (31.8) 183 (49.5)
6-20 483 (31.3) 115 (31.1)
=21 548 (35.5) 69 (18.6)
Unknown 22 (1.4) 3(0.8)

Sexual intercourse with prostitutes 0.99
No 488 (31.6) 174 (47.0)
Yes 1049 (68.0) 196 (53.0)
Unknown 6 (0.4) 0

Genital washing after intercourse <0.05
Always 625 (40.5) 85 (23.0)
Never or occasionally 916 (59.4) 285 (77.0)
Unknown 2(0.1) 0

Physician’s assessment of genital <0.001

hygienet

Good 281 (53.6) 207 (71.1)
Fair or poor 224 (42.7) 80 (27.5)
Unknown 19 (3.6) 4 (14)

Condom use with regular partnerf 0.36
No 462 (88.2) 207 (71.1)
Yes 62 (11.8) 83 (28.5)
Unknown 0 1(0.3)

Condom use with prostitutes§ 0.29
Never or occasionally 709 (67.6) 61 (31.1)
Usually or always 337 (32.1) 134 (68.4)
Unknown 3(0.3) 1(0.5)

Current partner’s lifetime number 0.84

of sexual partners

1 1118 (72.5) 302 (81.6)
2-3 376 (24.4) 58 (15.7)
=4 48 (3.1) 10 (2.7)
Unknown 1(<0.1) 0

*Because of rounding, percentages may not total 100.

tWald’s test was used to assess the association between each character-
istic and circumcision status, adjusted for study location, age, level of edu-
cation, age at first sexual intercourse, lifetime number of sexual partners,
and frequency of genital washing after sex.

1Subjects from Colombia and Spain were excluded.

§The analysis is limited to men who had had sex with prostitutes.

N Engl ] Med, Vol. 346, No. 15 - April 11,2002 - www.negjm.org - 1107

Downloaded from www.nejm.org by MR KEVIN PATRICK on July 19, 2005 .
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

TABLE 2. PREVALENCE OF PENILE HUMAN PAPILLOMAVIRUS (HPV) INFECTION AMONG UNCIRCUMCISED
AND CIRCUMCISED MEN ACCORDING TO VARIOUS CHARACTERISTICS.*

CHARACTERISTIC

Overall
Study location
Brazil
Colombia
Thailand
Philippines
Spain
Age
<37 yr
38-46 yr
47-56 yr
=57 yr
Level of education
Never attended school
Primary school
Secondary school or higher
Unknown
Age at first sexual intercourse
<16 yr
17-18 yr
=19 yr
Unknown
Lifetime number of sexual partners
1-5
6-20
=21
Unknown
Sexual intercourse with prostitutes
No
Yes
Unknown
Genital washing after intercourse
Always
Never or occasionally
Unknown

Physician’s assessment of genital hygienet

Good
Fair or poor
Unknown

Condom use with regular partnerf
No
Yes
Unknown

Condom use with prostitutes§
Never or occasionally
Usually or always
Unknown

Current partner’s lifetime number of sexual

partncrs
1
2-3
=4

Unknown

Uncircumcisep MEN

NO.

TESTED

847

103
236
171

22
315

225

200
210

104

315
229
301

263

NO. POSITIVE
FOR HPV (%)

166 (19.6)

21 (20.2)

87 (19.4)

57 (19.5)
1 (100.0)

72 (22.9)

64 (18.7)
101 (20.0)
1 (100.0)

38 (23.8)
37 (27.8)
2 (66.7)

65 (17.1)
51 (27.0)
0

105 (17.2)
53 (25.6)
8 (28.6)

0

CircumciseD MEN

NO.

TESTED

292

6

4
12
233
37

69
88
69
66

175

145
93
52

138
154

NO. POSITIVE
FOR HPV (%)

16 (5.5)

o w0 w
o
N

,_
ERNEN
S
=)

5 (12.8)
11 (4.3)
0

P VaLuet

<0.001

0.41
0.58

0.34
0.16

0.008

0.007
<0.001

<0.001
<0.001

0.002
0.02
<0.001

0.001
0.07
<0.001

<0.001
<0.001

0.51
<0.001

<0.001
<0.001

<0.001
0.001

0.63
<0.001

<0.001
0.005
0.17

*Because of rounding, percentages may not total 100.

tFisher’s exact test was used to assess the association between penile HPV and circumcision status.

fSubjects from Colombia and Spain were excluded.

§The analysis is limited to men who had had sex with prostitutes.
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risk factor that was significantly associated with the
risk of penile HPV infection was the number of sexual
partners the men had had; as compared with men who
had five or fewer partners, those who had had six or
more partners had an odds ratio of 2.0 (95 percent
confidence interval, 1.3 to 3.2).

The odds ratio for HPV infection among circum-
cised men, as compared with uncircumcised men, was
similar after the exclusion of men from Spain and Co-
lombia; these men did not undergo a medical exami-
nation of the penis (odds ratio, 0.56; 95 percent con-
fidence interval, 0.20 to 1.56). The odds ratio was also
not changed significantly by the exclusion of men from
the Philippines, who represented 65.4 percent of all

circumcised men in the study (odds ratio, 0.32; 95
percent confidence interval, 0.11 to 0.93).

Circumcision and Cervical Cancer

Male circumcision was associated with a moderate,
but nonsignificant, decrease in the risk of cervical can-
cer in the men’s female partners (odds ratio for self-
reported circumcision, 0.72; 95 percent confidence
interval, 0.49 to 1.04; odds ratio for clinician-con-
firmed circumcision, 0.69; 95 percent confidence in-
terval, 0.43 to 1.11). There was no evidence of heter-
ogeneity with respect to the location of the study
(P=0.41), and the inverse association was not substan-
tially altered by any of the characteristics of the wom-

TABLE 3. Risk OF CERVICAL CANCER IN FEMALE PARTNERS OF CIRCUMCISED MEN,
AS COMPARED WITH THOSE OF UNCIRCUMCISED MEN,
ACCORDING TO SELECTED CHARACTERISTICS OF THE WOMEN.

CHARACTERISTICS WOMEN WITH
oF THE WOMEN CeRvICAL CANCER
UNCIR-

Obps RaTiO

ConTtroL WOMEN (95% CI)*

UNCIR-

CIRCUMCISED
PARTNER

CUMCISED
PARTNER

CIRCUMCISED
PARTNER

CUMCISED
PARTNER

Overall 194 783
Study locationt

Brazil 3 69

Colombia 1 217

Thailand 22 205

Philippines 139 16

Spain 29 276
Age

<36 yr 59 249

37-48 yr 69 282

=49 yr 66 252
Level of education

Secondary school 94 156

or higher

Primary school or less 100 625

Unknown 0 2
Age at first sexual inter-

course

=19 yr 142 509

<18 yr 52 273

Unknown 0 1
Lifetime number of sexual

partners

1 146 515

=2 48 267

Unknown 0 1
Condom use

Yes 22 159

No 172 624

176 760  0.72 (0.49-1.04)
6 70 0.41 (0.08-2.08)
6 247 0.32(0.04-2.88)
18 156 1.04 (0.51-2.12)
103 8 0.60 (0.22-1.65)
43 279 0.69 (0.38-1.25)
53 259 1.25 (0.68-2.28)
66 239 0.36 (0.18-0.73)
57 262 0.63 (0.31-1.27)
101 210 0.59 (0.30-1.16)
75 549 0.82(0.52-1.28)
0 1
153 596 0.84 (0.55-1.28)
23 163 0.57 (0.27-1.19)
0 1
156 603 0.75 (0.49-1.14)
20 157 0.55 (0.24-1.24)
0 0
33 175  0.83 (0.37-1.87)
143 585  0.67 (0.44-1.02)

*In this analysis, the men’s self-reported circumcision status was used. For all analyses the reference
group is current stable female partners of uncircumcised men within the stratum. Models were ad-
justed for the study location, age of male and female subjects, male subjects’ level of education, male
subjects’ age at first sexual intercourse, male subjects’ frequency of genital washing after sex, male
subjects’ lifetime number of sexual partners, female subjects’ lifetime number of sexual partners, and
female subjects’ age at first intercourse. None of the interaction terms between risk factors and cir-
cumcision status were statistically significant. CI denotes confidence interval.

1P for heterogeneity=0.41.
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en that we assessed (Table 3). Results were similar
after the exclusion of men from Spain and Colombia
(odds ratio, 0.79; 95 percent confidence interval, 0.47
to 1.33) and after the exclusion of men from the Phil-
ippines (odds ratio, 0.76; 95 percent confidence in-
terval, 0.51 to 1.15).

To minimize confounding as a result of the wom-
en’s having had male partners other than the current
partner, we restricted the analysis to the 1420 men
whose female partner reported having had only one
sexual partner. We also stratified this analysis according
to several variables related to the male partner’s sexual
behavior in order to test the hypothesis that the re-
duction in the risk of cervical cancer would be great-
er among women whose male partners were at high-
er risk for HPV infection. As one measure of risk, we
computed an index based on a man’s age when he first

had sexual intercourse and his total number of sexual
partners. Men who had had six or more sexual partners
and who had first had intercourse before the age of
17 years were considered to be at high risk; men who
had had five or fewer sexual partners and who were at
least 17 years of age when they first had intercourse
were considered to be at low risk; and the remaining
men were classified as being at intermediate risk.
The inverse relation between circumcision and the
risk of cervical cancer was stronger and was signifi-
cant in the case of women whose partners had a high
risk index and who engaged in sexual practices known
to increase the risk of exposure to HPV, such as having
had intercourse before the age of 17 years, having had
six or more sexual partners, and having a history of
contact with prostitutes (Table 4). Tests for an inter-
action between circumcision status and the male part-

TABLE 4. Risk OF CERVICAL CANCER IN THE MONOGAMOUS FEMALE PARTNERS
OF CIRCUMCISED MEN, AS COMPARED WITH THOSE OF UNCIRCUMCISED MEN,
ACCORDING TO SELECTED CHARACTERISTICS OF THE MEN.*

CHARACTERISTICS MonoGAMous WOMEN WITH MonoGgamous Obbs RaTIO
OF THE MEN CeRvICAL CANCER ConTroL WOMEN (95% CIt
UNCIR- UNCIR-
CIRCUMCISED ~ CUMCISED ~ CIRCUMCISED ~ CUMCISED
PARTNER PARTNER PARTNER PARTNER

Overall 146 515 156 603 0.75 (0.49-1.14)
Age at first sexual intercourse

=17 yr 121 315 132 424 0.89 (0.56-1.40)

<16 yr 25 199 24 178 0.30 (0.09-1.06)

Unknown 0 0 1

Test for interaction P=0.27
Lifetime number of sexual

partners

1-5 70 127 90 272 1.40 (0.76-2.57)

=6 74 377 65 325 0.42 (0.23-0.79)

Unknown 2 11 1 6

Test for interaction P=0.03
Sexual intercourse with prosti-

tutes

No 66 132 85 237 1.39 (0.70-2.74)

Yes 80 380 71 365 0.53 (0.30-0.94)

Unknown 0 3 0 1

Test for interaction P=0.32
Sexual-behavior risk index}

Low 66 111 82 255 1.61 (0.86-3.02)

Intermediate 58 213 57 183 0.50 (0.27-0.94)

High 20 179 16 159 0.18 (0.04-0.89)

Unknown 2 12 1 6

Test for interaction P=0.02

Test for trend P<0.05

*Monogamous women were women who reported having had only one male partner.

tFor all analyses the reference group is current stable female partners of uncircumcised men within
the stratum. Models were adjusted for the study location, age of the male and female subjects, male
subjects’ level of education, male subjects’ age at first sexual intercourse, male subjects’ frequency of
genital washing after sex, male subjects’ lifetime number of sexual partners, and female subjects’ age
at first intercourse. CI denotes confidence interval.

fHigh-risk men were those who had had six or more sexual partners and who had first had inter-
course before the age of 17 years. Low-risk men were those who had had five or fewer sexual partners
and who were at least 17 years of age when they first had intercourse. The remaining men were clas-

sified as being at intermediate
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ner’s number of sexual partners and between circum-
cision status and the risk index were significant (P=
0.03 and P=0.02, respectively).

DISCUSSION

In our study, male circumcision was associated with
areduced risk of penile HPV infection in men. We also
found an inverse association between circumcision and
the risk of cervical cancer was significant among wom-
en whose male partners engaged in sexual practices
known to increase the risk of infection with HPV, such
as having had multiple sexual partners.

The assessment of the reliability and validity of self-
reported circumcision status has yielded inconsistent
results,$28-30 and potential misclassification of circum-
cision status with the use of this method has been a
major concern in previous studies. One strength of our
study is the high rate of accuracy of self-reported cir-
cumcision status. Medical examination of the penis,
performed in 43 percent of the men, confirmed the
self-reported circumcision status in 95 percent of those
examined. Inverse associations with the risks of penile
HPV infection and cervical cancer were similar when
circumcision status was classified according to self-
report or medical examination. Likewise, the exclusion
of subjects who had not undergone a penile examina-
tion (men from Spain and Colombia) did not materi-
ally affect the findings.

A potential concern with respect to our study was
the fact that 65 percent of the circumcised men were
from the Philippines. This result was not unexpected,
since mass circumcision sessions are regularly conduct-
ed by many organizations in that country and most
boys are circumcised before puberty. We performed a
secondary analysis excluding men from this study site
and found that results were virtually unchanged.

Some studies have reported that genital warts
are more common among uncircumcised men than
among circumcised men, 53033 but other studies have
not confirmed these associations.23+37 Epidemiologic
evidence suggests that the absence of circumcision at
birth and the presence of phimosis, poor genital hy-
giene, genital warts, and HPV infection are risk factors
for penile cancer.310.1138.39 Other data have suggested
that the risk of cervical cancer is reduced among the
female partners of circumcised men, but these studies
were limited by the small number of circumcised men
or the low sensitivity of the methods used to detect
HPV DNA #0-42

Little is known about the mechanisms by which
removal of the foreskin may protect against HPV in-
fection. Our data suggest that, even though circum-
cision increases the probability of maintaining good
penile hygiene, there are other ways in which circum-
cision reduces the risk of penile HPV infection.

The penile shaft and the outer surface of the fore-

skin are covered by a keratinized stratified squamous
epithelium that provides a protective barrier against
HPV infection. In contrast, the mucosal lining of
the prepuce is not keratinized and may be more vul-
nerable to the virus.*® Since during intercourse the
foreskin is pulled back, the inner mucosal surface of
the prepuce is wholly exposed to vaginal secretions.
HPV might be afforded access to the basal cells
through minute ulcers or small epithelial abrasions.*
Removal of the foreskin could minimize the probabil-
ity of viral entry by markedly decreasing both the size
of the surface area vulnerable to HPV and the likeli-
hood of mucosal trauma during intercourse. The glans
of a circumcised penis has a thicker, cornified epithe-
lium, making it more resistant to abrasions and less
susceptible to the entry of HPV. The only mucosal
epithelium in a circumcised penis is in the distal ure-
thra, a site known to contain comparatively few HPV-
related lesions.33

Our finding that male circumcision may reduce the
risk of cervical cancer in female sex partners is highly
plausible for several reasons. First, circumcision is as-
sociated with a significant decrease in the risk of penile
HPV infection. Second, and as indicated in further
analyses of the same data, penile HPV infection is as-
sociated with a fourfold increase in the risk of cervical
HPV infection in the female partner (data not shown).
Third, cervical HPV infection is associated with a 77-
fold increase in the risk of cervical cancer (data not
shown).

In conclusion, our study has provided epidemiolog-
ic evidence that male circumcision is associated with
a reduced risk of genital HPV infection in men and
with a reduced risk of cervical cancer in women with
high-risk sexual partners. Thus, circumcision can be
considered an important cofactor in the natural his-
tory of HPV infection, since it may influence the risks
of the acquisition and transmission of HPV as well as
of cervical cancer. These findings are consistent with
those of other studies that male circumcision is asso-
ciated with a reduced risk of HIV infection,” penile
cancer,2? and a number of other common sexually
transmitted diseases.#5 Given the worldwide effect of
these diseases on public health, further study is need-
ed to determine whether routine circumcision can re-
duce the risks of HIV and HPV infections and other
sexually transmitted diseases.

Funded by grants from the European Community (CI 1-0371-F(CD));
the Fondo de Investigaciones Sanitarias (FIS), Spain (86,753, 87/1513, 88/
2049, 90/0901, 95/0955, 01,/1237, 01,/1236, and BAE 01,/5013); the
International Agency for Research on Cancer, Lyons, France (FI/92/3-2
PAR); Preventiefonds, the Netherlands (28-1502-1); Programa Interministe-
rial de Investigacion y Desarrollo, Spain (SAF 96,/0323); the Conselho Na-
cional de Desenvolvimiento Cientifico e Tecnologico, Brazil (JEN-204453/
88-7); the Department of Reproductive Health and Research of the World
Health Organization (98-101); and a Union International contre le Cancer
Yamagiwa-Yoshida Memorial International Cancer Study Grant.

N Engl ] Med, Vol. 346, No. 15 - April 11, 2002 - www.n¢gjm.org - 1111

Downloaded from www.nejm.org by MR KEVIN PATRICK on July 19, 2005 .
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

We are indebted to the women and men who participated in the
study; to the gynecologists, pathologists, oncologists, and supervisors
involved in the fieldwork that made the orviginal studies possible; and
to A. Arsian and M. Diaz for their technical assistance in data man-
agement.

APPENDIX

The members of the International Agency for Research on Cancer (IARC)
Multicenter Cervical Cancer Study Group are as follows: N. Muiioz, S.
Franceschi, J.S. Smith, M. Plummer, IARC, Lyons, France; EX. Bosch, S.
de Sanjosé, X. Castellsagué, V. Moreno, Institut Catala d’Oncologin, Bar-
celona, Spain; L.C. Gonzalez, Servicio Territorial de Sanidad y Bienestar So-
cial, Salamanca, Spain; M. Gili, Universidad de Sevilla, Seville, Spain; 1.
Izarzugaza, Euskadi Cancer Registry, Vitoria-Gasteiz, Spain; P. Viladiu,
Registre de Cancer de Catalunya, Barcelona, Spain; C. Navarro, Consejerin
de Sanidad, Murcia, Spain; A. Vergara, Servicio Provincial de Sanidad,
Zaragoza, Spain; N. Ascunce, Programa de Cincer de Mama, Pamplona,
Spain; M. Santamaria, Hospital de Navarra, Pamplona, Spain; C.J.L.M.
Meijer, J.M.M. Walboomers, P.J. Snijders, A.J. van den Brule, Free Univer-
sity Hospital, Amsterdam; KNV. Shah, Johns Hopkins University, Baltimore;
R. Herrero, Proyecto Epidemiolégico Guanacaste, San José, Costa Rica; L.
Tafur, N. Aristizabal, Universidad de Valle, Cali, Colombin; P. Alonso de
Ruiz, General Hospital of Mexico, Mexico City, Mexico; S. Chichareon, Prince
of Songkla University, Hat-Yai, Thailand; C. Ngelangel, University of the
Philippines, Manila, the Philippines; and J. Eluf-Neto, Universidade de Sio
Paulo, Sio Paulo, Brazil.

REFERENCES

1. Hutchinson J. On the influence of circumcision in preventing syphilis.
Med Times Gaz 1855;2:542-3.

2. Tsen H-E Morgenstern H, Mack T, Peters RK. Risk factors for penile
cancer: results of a population-based case-control study in Los Angeles
County (United States). Cancer Causes Control 2001;12:267-77.

3. Maden C, Sherman KJ, Beckmann AM, et al. History of circumcision,
medical conditions, and sexual activity and risk of penile cancer. J Natl
Cancer Inst 1993;85:19-24.

4. Schoen EJ. The status of circumcision of newborns. N Engl ] Med
1990;322:1308-12.

5. Weiss GN. Prophylactic neonatal surgery and infectious diseases. Pediatr
Infect Dis ] 1997;16:727-34.

6. O’Farrell N, Egger M. Circumcision in men and the prevention of HIV/
infection: a ‘meta-analysis’ revisited. Int J STD AIDS 2000;11:137-42.

7. Cameron DW, Simonsen JN, D’Costa LJ, et al. Female to male trans-
mission of human immunodeficiency virus type 1: risk factors for serocon-
version in men. Lancet 1989;2:403-7.

8. Lavreys L, Rakwar JP, Thompson ML, et al. Effect of circumcision on
incidence of human immunodeficiency virus type 1 and other sexually
transmitted diseases: a prospective cohort study of trucking company em-
ployees in Kenya. J Infect Dis 1999;180:330-6.

9. Quinn TC, Wawer MJ, Sewankambo N, et al. Viral load and heterosex-
ual transmission of human immunodeficiency virus type 1. N Engl J Med
2000;342:921-9.

10. TARC monographs on the evaluation of carcinogenic risks to humans.
Vol. 64. Human papillomaviruses. Lyons, France: International Agency for
Research on Cancer, 1995.

11. Melbye M, Frisch M. The role of human papillomaviruses in anogen-
ital cancers. Semin Cancer Biol 1998;8:307-13.

12. Bosch FX, Manos MM, Munoz N, et al. Prevalence of human papil-
lomavirus in cervical cancer: a worldwide perspective. J Natl Cancer Inst
1995;87:796-802.

13. Walboomers JMM, Jacobs MV, Manos MM, et al. Human papilloma-
virus is a necessary cause of invasive cervical cancer worldwide. J Pathol
1999;189:12-9.

14. Muiioz N, Bosch FX, de Sanjosé S, et al. The causal link between hu-
man papillomavirus and invasive cervical cancer: a population-based case-
control study in Colombia and Spain. Int J Cancer 1992;52:743-9.

15. Bosch FX, Muiioz N, de Sanjosé S, et al. Risk factors for cervical can-
cer in Colombia and Spain. Int J Cancer 1992;52:750-8.

16. Bosch FX, Muiioz N, de Sanjosé S, et al. Human papillomavirus and cer-
vical intraepithelial neoplasia grade III /carcinoma in situ: a case-control study
in Spain and Colombia. Cancer Epidemiol Biomarkers Prev 1993;2:415-22.
17. Munoz N, Bosch FX, de Sanjosé S, et al. Risk factors for cervical in-
tracpithelial neoplasia grade III /carcinoma in situ in Spain and Colombia.
Cancer Epidemiol Biomarkers Prev 1993;2:423-31.

1112 - N Engl ] Med, Vol. 346, No. 15 - April 11,2002 -

18. Eluf-Neto J, Booth M, Munoz N, Bosch FX, Meijer CJ, Walboomers
JM. Human papillomavirus and invasive cervical cancer in Brazil. Br J Can-
cer 1994;69:114-9.

19. Chichareon S, Herrero R, Muioz N, et al. Risk factors for cervical
cancer in Thailand: a case-control study. J Natl Cancer Inst 1998;90:50-
7.

20. Ngelangel C, Muiioz N, Bosch FX, et al. Causes of cervical cancer in
the Philippines: a case-control study. J Natl Cancer Inst 1998;90:43-9.
21. Bosch FX, Castellsagué X, Munoz N, et al. Male sexual behavior and
human papillomavirus DNA: key risk factors for cervical cancer in Spain.
J Natl Cancer Inst 1996;88:1060-7.

22. Munoz N, Castellsagué X, Bosch FX, et al. Difficulty in elucidating
the male role in cervical cancer in Colombia, a high-risk area for the dis-
ease. J Natl Cancer Inst 1996;88:1068-75.

23. Castellsagué X, Ghaftari A, Daniel RW, Bosch FX, Munoz N, Shah
KV. Prevalence of penile human papillomavirus DNA in husbands of wom-
en with and without cervical neoplasia: a study in Spain and Colombia.

J Infect Dis 1997;176:353-61.

24. Moreno V, Muioz N, Bosch FX, et al. Risk factors for progression of
cervical intraepithelial neoplasm grade III to invasive cervical cancer. Can-
cer Epidemiol Biomarkers Prev 1995;4:459-67.

25. Hildesheim A, Schiffman MH, Gravitt PE, et al. Persistence of type-
specific human papillomavirus infection among cytologically normal wom-
en. J Infect Dis 1994;169:235-40.

26. Jacobs MV, de Roda Husman AM, van den Brule AJC, Snijders PJE,
Meijer CJLM, Walboomers JMM. Group-specific differentiation between
high- and low-risk human papillomavirus genotypes by general primer-
mediated PCR and two cocktails of oligonucleotide probes. J Clin Micro-
biol 1995;33:901-5.

27. de Roda Husman AM, Walboomers JM, Meijer CJ, et al. Analysis of
cytomorphologically abnormal cervical scrapes for the presence of 27 mu-
cosotropic human papillomavirus genotypes, using polymerase chain reac-
tion. Int J Cancer 1994;56:802-6.

28. Circumcision and cervical cancer. Lancet 1966;1:137.

29. Urassa M, Todd J, Boerma JT, Hayes R, Isingo R. Male circumcision
and susceptibility to HIV infection among men in Tanzania. AIDS 1997;
11:73-80.

30. Parker SW, Stewart AJ, Wren MN, Gollow MM, Straton JA. Circum-
cision and sexually transmissible disease. Med J Aust 1983;2:288-90.

31. Oriel JD. Natural history of genital warts. Br J Vener Dis 1971;47:1-
13.

32. Wilson RA. Circumcision and venereal disease. CMAJ 1947;56:54-6.
33. Aynaud O, Piron D, Bijaoui G, Casanova JM. Developmental factors
of urethral human papillomavirus lesions: correlation with circumcision.
BJU Int 1999;84:57-60.

34. Van Howe RS. Circumcision and infectious discases revisited. Pediatr
Infect Dis ] 1998;17:1-6.

35. Cook LS, Koutsky LA, Holmes KK. Clinical presentation of genital
warts among circumcised and uncircumcised heterosexual men attending
an urban STD clinic. Genitourin Med 1993;69:262-4.

36. Idem. Circumcision and sexually transmitted diseases. Am J Public
Health 1994;84:197-201.

37. Donovan B, Bassett I, Bodsworth NJ. Male circumcision and common
sexually transmissible diseases in a developed nation setting. Genitourin
Med 1994;70:317-20.

38. Brinton LA, Li JY, Rong SD, et al. Risk factors for penile cancer:
results from a case-control study in China. Int J Cancer 1991;47:504-9.
39. Holly EA, Palefsky JM. Factors related to risk of penile cancer: new
evidence from a study in the Pacific Northwest. J Natl Cancer Inst 1993;
85:2-4.

40. Boon ME, Susanti I, Tasche MJA, Kok LP. Human papillomavirus
(HPV)-associated male and female genital carcinomas in a Hindu popula-
tion: the male as vector and victim. Cancer 1989;64:559-65.

41. Kjaer SK, de Villiers EM, Dahl C, et al. Case-control study of risk fac-
tors for cervical neoplasia in Denmark. I. Role of the “male factor” in
women with one lifetime sexual partner. Int J Cancer 1991;48:39-44.
42. Brinton LA, Reeves WC, Brenes MM, et al. The male factor in the
ctiology of cervical cancer among sexually monogamous women. Int J
Cancer 1989;44:199-203.

43. Hussain LA, Lehner T. Comparative investigation of Langerhans’ cells
and potential receptors for HIV in oral, genitourinary and rectal epithelia.
Immunology 1995;85:475-84.

44, Szabo R, Short RV. How does male circumcision protect against HIV
infection? BMJ 2000;320:1592-4.

Copyright © 2002 Massachusetts Medical Society.

Wwww.nejm.org

Downloaded from www.nejm.org by MR KEVIN PATRICK on July 19, 2005 .
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



