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Abstract
Background:Menwho have sex withmen (MSM), in particular HIV-infectedMSM, are at increased risk for

diseases related to human papilloma virus (HPV). Our goal was to assess the effect of HIV status on the

presence of type-specific antibodies against seven high-riskHPV types inHPV-unvaccinatedMSM.Moreover,

we compared determinants of HPV seropositivity between HIV-negative and HIV-infected MSM.

Methods:MSM�18 years of agewere recruited from theAmsterdamCohort Studies, a sexually transmitted

infection clinic, and an HIV-treatment center in Amsterdam, the Netherlands. Participants completed a risk-

factor questionnaire; serum samples were analyzed using a fluorescent bead-based multiplex assay.

Results:MSM (n¼ 795) were recruited in 2010 to 2011; 758MSMwere included in this analysis. Median age

was 40.1 years (interquartile range 34.8–47.5) and308MSM(40.6%)wereHIV-infected. Seroprevalence ofHPV-

16was 37.1% inHIV-negative and62.7% inHIV-infectedMSM(P< 0.001); seroprevalence ofHPV-18was 29.1%

in HIV-negative MSM and 42.5% in HIV-infected MSM (P < 0.001). Similar patterns of seroprevalence were

observed forHPV types 31, 33, 45, 52, and58. Inmultivariable analyses,HPVseropositivitywas associatedwith

HIV infection [adjustedOR¼ 2.1; 95% confidence interval, 1.6–2.6]. Inmultivariable analyses stratified byHIV

status, increasing age and number of lifetime male sex partners were significantly associated with HPV

seropositivity in HIV-negative, but not HIV-infected MSM.

Conclusions: Seroprevalence of high-risk HPV types is high among unvaccinated MSM.

Impact: HIV infection is a strong and independent determinant for HPV seropositivity, which we

hypothesize is because of increased persistence of HPV infection in HIV-infected MSM. Cancer Epidemiol

Biomarkers Prev; 22(10); 1698–708. �2013 AACR.

Introduction
Human papilloma virus (HPV) is a common viral

sexually transmitted infection (STI). The lifetime risk
of genital HPV infection in sexually active people is
estimated to be around 80% (1). Estimated prevalence of
genital HPV infection in men varies widely, between
1% to 84%, and up to 93% in those who are at high risk,
such as men who have sex with men (MSM) and HIV-
infected men (2–4).

The vastmajority ofHPV infections (>90%) is cleared by
the host immune system within 1 or 2 years (5). Time to
clearance depends both on virus- and host-related factors
(6), with possibly longer persistence of high-risk (onco-
genic) HPV types, such as HPV-16, compared to low-risk
types (7), and shorter persistence in heterosexual men
compared to women (8–11). In immunocompromised
people, persistentHPV infection ismore common (12, 13).

Cellular immunity plays a major role in clearance of
HPV and is often accompanied or followed by a humoral
immune response (i.e., development of type-specific anti-
bodies againstHPV; ref. 14).Not allHPV infections lead to
seroconversion, approximately 60% of women and prob-
ably a lower percentage of men seroconvert (15–18).
Antibodies may persist for years, even decades, and
therefore are reflective of a history of HPV exposure (as
well as ongoing infections) at various anatomical locations
(15, 19). Persistent HPV infections are more likely to
induce a serological response than transient infections
(19, 20). Because persistent high-risk HPV infection is
related to several types of cancer (e.g., anogenital cancer
and a subset of head and neck cancer; ref. 21–23), sero-
positivity couldprovide information on clinically relevant
HPV infection.
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To date, the protective effect of HPV antibodies elicited
after natural infection remains elusive (24). Some studies
observed a reduced risk of subsequent HPV infection
in anti-HPV seropositive individuals (25–27). However,
findings have been inconsistent (24, 28, 29) and the
immune correlate (i.e., the antibody level which results
in effective immunity) is unknown. Antibody levels eli-
cited afterHPVvaccination are 1 to 4 logs higher than after
natural infection and have been shown to be highly
protective against incident infection with vaccine-type
HPV (30, 31). Recently, the quadrivalent HPV vaccine,
targeting HPV types 6, 11, 16, and 18, has been licensed
for use in men. However, few studies have examined
HPV antibodies in men (28). Data are especially scarce
for HPV seroprevalence in HIV-infected MSM, who are
at increased risk for HPV infection and HPV-related
diseases.
This study aims to estimate the effect of HIV infection

on HPV seropositivity in HPV-unvaccinated MSM. In
addition, we compared determinants for seropositivity
between HIV-negative and HIV-infected MSM, focusing
on the role of sexual behavior and drug use.

Materials and Methods
Study participants
Between July 2010 and July 2011, HIV-negative and

HIV-infected MSMwere invited to participate in the HIV
&HPV inMSM (H2M) study at 3 sites in Amsterdam, the
Netherlands: the Amsterdam Cohort Study (ACS) among
MSM(PublicHealth Service ofAmsterdam; ref. 32), an STI
clinic (Public Health Service of Amsterdam; ref. 33), and
an outpatient infectious disease clinic (Medical Center Jan
vanGoyen).At theACSmainlyHIV-negativeparticipants
were recruited,whereas at the latter 2 clinicsHIV-infected
participants were recruited. Men were eligible for partic-
ipation if they had had sex withmen, were 18 years of age
or older, and fluent in Dutch or English. The Medical
Ethics Committee of the Academical Medical Center
(AMC) Amsterdam approved this study and participants
provided written informed consent before enrolment.

Data collection
At the enrolment visit, participants completed an exten-

sive questionnaire about sociodemographic characteris-
tics, general health-related issues (e.g., smoking habits
and circumcision status) and lifetime and recent sexual
behavior. Venous bloodwas collected for serum antibody
testing. HIV-related data [e.g., CD4 cell count, HIV viral
load, and use of combination antiretroviral therapy
(cART)] were obtained from the national HIV patients’
database of the Dutch HIV Monitoring Foundation.

HPV serum antibody testing
Baseline serum samples were stored at �20�C and

transported to the National Institute for Public Health
and theEnvironment (RIVM,Bilthoven, theNetherlands),
where samples were stored at�80�C until analysis. HPV-
antibody detection against L1 virus-like particles (VLP)

for serotypes 16, 18, 31, 33, 45, 52, and 58 was conducted
simultaneously using a VLP-based multiplex immunoas-
say (MIA) as previously described by Scherpenisse and
colleagues (34). The HPV–VLPs were coupled to a set of 7
distinct fluorescent microspheres (Luminex Corporation)
using an enhanced carbodiimide-mediated coupling pro-
cedure that has beendescribed elsewhere (35, 36), butwith
minor modifications (34). The MIA was conducted as
described (37)withmodifications. For each analyte,medi-
an fluorescent intensity (MFI) was converted to Luminex
Units/mL (LU/mL) using a two-fold serial dilution of a
reference standard (IVIG, lot LE12H227AF, Baxter, cali-
brated against reference serum of GSK for all the 7 HPV
types) and interpolating theMFI data through a 5-param-
eter curve-fitting algorithm. Two quality in-house con-
trols (low and high) were added to each plate. Cutoff
values were previously determined at�9,�13,�27,�11,
�19, �14, and �31 LU/mL for types 16, 18, 31, 33, 45, 52,
and 58 respectively, based on the results of sera highly
likely to be HPV-negative (children 1–10 years of age),
using a one-sided 99% prediction interval method (38).

Statistical analyses
Baseline characteristics of HIV-negative and HIV-

infectedparticipantswere comparedusing rank-sumtests
for continuous data and x2 tests for categorical data. The
prevalence of antibodies against each of the 7 high-risk
HPV types separately, as well as against multiple HPV
types, was estimated. Uncertainty was quantified via 95%
binomial confidence intervals (95% CI).

We investigated the effect of HIV status on the presence
of antibodies against the 7 HPV types in one single model
via univariable andmultivariable logistic regression anal-
yses. Parameters were estimated using generalized esti-
mating equations (GEE). GEE was applied to account for
the analysis of multiple HPV types within the same
individual; an exchangeable correlation structure was
assumed. In this multivariable model we a priori adjusted
for age, tobacco smoking, and lifetime male sex partners
(39, 40). In addition, we included other potential confoun-
ders based on a P < 0.05 in univariable analyses, and
subsequently obtained a parsimonious model through
backward selection. In this overall model, we found a
strong and independent effect of HIV infection on HPV
seropositivity. We therefore conducted all further analy-
ses stratified by HIV status.

To compare determinants for HPV seropositivity
betweenHIV-negative andHIV-infectedMSM,we select-
ed variables based on the literature. Apart fromHPV type
(merely reflecting differences in seroprevalence between
the 7 individual HPV types), the following variableswere
selected and forced into both stratified models, without
conducting backward selection: age, tobacco smoking,
recent use of cannabis and poppers, circumcision status,
lifetime number of male sex partners, unprotected anal
intercourse in the last 6months, receptive anal intercourse
in the last 6 months, and recent receptive fisting. In
addition, CD4 cell count and HIV viral load were forced
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into themodel for HIV-infectedMSM.We did not include
any interaction between these variables and HPV type.

Tominimize loss of observations inmultivariablemod-
els, an extra category for missings was created for each
variable with missing values for >40 participants in over-
all analyses or >20 participants in stratified analyses.
P values in the multivariable models were obtained
through Wald tests. All analyses were conducted using
Stata software package version 11.2 (Stata Intercooled).

Results
Participant characteristics

In total, 795 participants were enrolled in the H2M
study. Both questionnaire data and serum sample results
were available for 758 MSM, who were included in the
current analysis. There were no significant differences in
important baseline characteristics (e.g., age, HIV status)
between the 37 excluded and the 758 included MSM.
Baseline characteristics of the 758 MSM are shown
in Table 1, stratified by HIV status. Three hundred and
eight MSM (41%) were HIV infected at time of enrolment.
The median age was 40.1 years and was significantly
higher in HIV-infected than in HIV-negative MSM (45.6
and 37.6 years, respectively). HIV-negative MSM were
more likely to be born in the Netherlands and were
generally higher educated. HIV-infectedMSMweremore
likely to smoke tobacco and to use cannabis and poppers
(alkyl nitrites). In general, HIV-infected MSM reported
more sexual (risk) behavior than HIV-negative MSM, for
example, higher numbers of lifetime male sex partners
and recent anal sex partners. At enrolment, the median
CD4 cell count of HIV-infected MSM was high at 535
cells/mm3; a large majority of MSM (87%) were treated
with cART, and 78% had undetectable HIV viral load.

HPV seroprevalence and antibody concentration
In total, 542 of 758 MSM (71.5%) tested positive for

antibodies against at least 1 HPV type; seropositivity was
significantly higher in HIV-infected compared to HIV-
negative MSM (86.4% and 61.3%, respectively; Table 2).
Median antibody concentrations were also consistently
higher inHIV-infectedMSM. Seroprevalence formultiple
HPV types was 71.1% in HIV-infected and 37.3% in HIV-
negativeMSM. Seroprevalence for each specificHPV type
was higher in HIV-infected compared to HIV-negative
MSM (P < 0.001 for each comparison). For example, HPV-
16 seroprevalencewas 62.7% inHIV-infected and 37.1% in
HIV-negative MSM; HPV-18 seroprevalence was 42.5%
and 29.1%, respectively (see Fig. 1).

Association between HIV infection and HPV
seropositivity

HPV seropositivity was significantly associated with
HIV infection in univariable analysis (OR ¼ 2.8; 95% CI,
2.3–3.4); the association remained significant in multivar-
iable analysis [adjusted OR (aOR) ¼ 2.1; 95% CI, 1.6–2.6]
after adjusting for age, smoking, and sexual behavior
(Table 3).

Risk factors for HPV seropositivity in HIV-negative
MSM

In HIV-negative MSM, we observed a significant asso-
ciation in univariable analysis between HPV seropositiv-
ity and factors related to age, drug use, and several sexual
behaviors (Table 4). In multivariable analysis, the follow-
ing factors remained significantly associated with HPV
seropositivity among HIV-negative MSM: increasing age
(aOR¼ 1.8; 95%CI, 1.2–2.9 for�45 years compared to�34
years of age; overall P ¼ 0.021), increasing number of
lifetime male sex partners (aOR ¼ 2.1; 95% CI, 1.4–3.2 for
�501 compared �100 partners; overall P < 0.001), and
being fisted in the past 6 months (aOR ¼ 1.8; 95% CI, 1.0–
3.4). Tobacco smoking and circumcision status were not
associated with HPV seropositivity in HIV-negative
MSM.

Risk factors for HPV seropositivity in HIV-infected
MSM

In HIV-infected MSM, factors about tobacco smoking,
drug use, sexual behavior, and HIV viral load were
significantly associated with HPV seropositivity in uni-
variable analysis (Table 4). In multivariable analysis,
tobacco smoking (aOR ¼ 0.5; 95% CI, 0.3–0.7 for current
smokers compared to never smokers; overall P ¼ 0.002),
unprotected anal intercourse in the past 6 months (aOR¼
0.3; 95% CI, 0.2–0.8 for never protected anal intercourse
compared to no anal intercourse; overall P ¼ 0.002),
recently being fisted (aOR ¼ 1.8; 95% CI, 1.1–2.8), and
HIV viral load (aOR ¼ 0.5; 95% CI, 0.3–0.9 for �50
compared to <50 copies/mL) showed a significant asso-
ciation with HPV seropositivity in HIV-infected MSM.

Discussion
The prevalence of type-specific antibodies against 7

high-risk HPV types among HIV-negative MSM and, in
particular, HIV-infected MSM is very high. Determinants
for HPV seropositivity differed between HIV-negative
and HIV-infected MSM. In HIV-negative MSM, determi-
nants were generally in agreement with well-established
risk factors for HPV infection, such as a high number of
lifetime male sex partners, which contrasts with our
findings in HIV-infected MSM.

Prevalence of antibodies against HPV-16, which is the
most carcinogenic and therefore most important HPV
type, was high compared to other studies among (mostly
heterosexual)males (16, 17, 34, 41), but comparable to data
reported forMSM specifically (40, 42). However, compar-
isons between HPV serology studies are hampered by
major differences in characteristics of the study popula-
tion and in serology methods. A large population-based
study in the Netherlands, using the identical serology
method as our study, observed an overall seroprevalence
of 20% in males 15 to 79 years of age (34). This was
substantially lower than the 61% overall seroprevalence
observed in HIV-negative MSM in our study, indicating
very high HPV exposure in our cohort. Another recent
Dutch study, using the identical serology method, found
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Table 1. Baseline characteristics of 758 MSM participating in the H2M study, overall and stratified by HIV
status (Amsterdam, 2010–2011)a

Overall
(n ¼ 758)

HIV-negative
(n ¼ 450)

HIV-infected
(n ¼ 308) P valueb

No. (%) No. (%) No. (%)

A. Sociodemographic characteristics
Median age in years (IQR) 40.1 (34.8–47.5) 37.6 (33.6–42.3) 45.6 (39.4–52.5) <0.001c

Age (years) by category <0.001
�34 192 (25.3) 150 (33.3) 42 (13.6)
35–44 335 (44.2) 232 (51.6) 103 (33.4)
�45 231 (30.5) 68 (15.1) 163 (52.9)

Study site <0.001
Amsterdam Cohort Study among MSM 482 (63.6) 448 (99.6) 34 (11.0)
MC Jan van Goyen 161 (21.2) 0 (0.0) 161 (52.3)
STI clinic (Public Health Service of Amsterdam) 115 (15.2) 2 (0.4) 113 (36.7)

Country of birth 0.034
The Netherlands 608 (80.9) 371 (83.4) 237 (77.2)
Any other country 144 (19.1) 74 (16.6) 70 (22.8)

Education <0.001
Lower education 228 (30.1) 111 (24.7) 117 (38.0)
Higher education 529 (69.9) 338 (75.3) 191 (62.0)

Living situation 0.462
Alone 396 (52.7) 239 (53.7) 157 (51.1)
With steady partner 313 (41.6) 178 (40.0) 135 (44.0)
With parents/caretakers/others 43 (5.7) 28 (6.3) 15 (4.9)

B. Health-related characteristics
Tobacco smokingd 0.007
Never 253 (36.9) 174 (41.4) 79 (29.7)
Ever/in the past 180 (26.2) 105 (25.0) 75 (28.2)
Current smoker 253 (36.9) 141 (33.6) 112 (42.1)

Tobacco smoking pack yearsd,e <0.001
0–14 459 (79.3) 303 (83.9) 156 (71.6)
�15 120 (20.7) 58 (16.1) 62 (28.4)

Cannabis use last 6 monthsf <0.001
No 498 (69.7) 326 (77.3) 172 (58.9)
Yes 216 (30.3) 96 (22.7) 120 (41.1)

Poppers use last 6 months <0.001
No 367 (56.2) 245 (67.9) 122 (41.8)
Yes 286 (43.8) 116 (32.1) 170 (58.2)

Circumcised 0.145
No 604 (81.1) 366 (82.8) 238 (78.5)
Yes 141 (18.9) 76 (17.2) 65 (21.5)

C. Sexual behavior
Median age first anal sexual
experience with male
partner (years) (IQR)

21 (18–24) 21 (18–24) 20 (17.5–24) 0.014c

Age first anal sexual experience
with male partner (years)
by category

0.004

�19 267 (38.9) 134 (34.4) 133 (44.9)
20–23 239 (34.8) 155 (39.7) 84 (28.4)
�24 180 (26.2) 101 (25.9) 79 (26.7)

(Continued on the following page)
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Table 1. Baseline characteristics of 758 MSM participating in the H2M study, overall and stratified by HIV
status (Amsterdam, 2010–2011)a (Cont'd )

Overall
(n ¼ 758)

HIV-negative
(n ¼ 450)

HIV-infected
(n ¼ 308) P valueb

No. (%) No. (%) No. (%)

Median lifetime number of male sex partners (IQR) 200 (60–600) 100 (50–400) 300 (100–1000) <0.001c

Lifetime number of male sex partners by category <0.001
�100 287 (40.8) 210 (50.2) 77 (27.0)
101–500 240 (34.1) 130 (31.1) 110 (38.6)
�501 176 (25.0) 78 (18.7) 98 (34.4)

Unprotected anal intercourse last 6 months <0.001
No anal intercourse 124 (16.6) 73 (16.5) 51 (16.8)
Anal intercourse, always protected 188 (25.2) 122 (27.5) 66 (21.8)
Anal intercourse, sometimes protected 307 (41.2) 156 (35.2) 151 (49.8)
Anal intercourse, never protected 127 (17.0) 92 (20.8) 35 (11.6)

Receptive anal intercourse last 6 months 0.060
No 252 (33.6) 162 (36.3) 90 (29.7)
Yes 497 (66.4) 284 (63.7) 213 (70.3)

Median number of anal sex partners last 6 months (IQR) 2 (1–6) 2 (1–4) 4 (1–10) <0.001c

Number of anal sex partners last 6 months by category <0.001
�1 313 (41.9) 209 (46.7) 104 (34.8)
2–4 187 (25.0) 135 (30.1) 52 (17.4)
�5 247 (33.1) 104 (23.2) 143 (47.8)

Median number of oral sex partners
last 6 months (IQR)

4 (1–11) 4 (1–9) 5 (2–20) 0.002c

Number of oral sex partners last 6 months by category <0.001
�2 269 (36.1) 169 (37.6) 100 (33.7)
3–8 232 (31.1) 162 (36.1) 70 (23.6)
�9 245 (32.8) 118 (26.3) 127 (42.8)

Being fisted last 6 months <0.001
No 665 (89.6) 416 (95.0) 249 (81.9)
Yes 77 (10.4) 22 (5.0) 55 (18.1)

D. HIV-related characteristics
Median CD4 cell count at enrolment (cells/mm3) (IQR) 535 (410–700)
CD4 cell count at enrolment (cells/mm3) by category
�350 38 (15.3)
>350 210 (84.7)

Median nadir CD4 cell count (cells/mm3) (IQR) 223 (160–320)
Nadir CD4 cell count (cells/mm3) by category
<200 99 (37.1)
200–349 114 (42.7)
�350 54 (20.2)

HIV viral load at enrolment (copies/mL) by category
<50 200 (78.1)
�50 56 (21.9)

Use of cART at enrolment
No 34 (12.9)
Yes 229 (87.1)

NOTE: Significant results (P < 0.05) are represented in bold type.
Abbreviation: IQR, interquartile range.
aNumbers do not always add up to the total because of missing values.
bBased on x2 test (except when stated otherwise).
cBased on rank-sum test.
dParticipants who were not current smokers but provided no information on past smoking behavior were counted as missing values.
eNever smokers were included in category 0 to 14 pack years.
fThis concerns cannabis use in general (without specifying route of administration).
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overall seropositivity of 34% among young MSM (16–24
years of age) who visited an STI clinic (43).

We observed a significantly higher HPV-16 seroprev-
alence among HIV-infected MSM compared to HIV-neg-

ative MSM (63% vs. 37%), a similar finding to that of
Poynten and colleagues in a recent study among Austra-
lian homosexualmen (44), but different fromobservations
of others, for example, Hagensee and colleagues (45). In
addition, antibody concentrations were higher in HIV-
infected than HIV-negative MSM, and HIV infection was
independently associated with HPV seropositivity. Thus,
our data suggest that HIV infection does not avert the
ability to produce HPV antibodies or to remain HPV
seropositive. This seems biologically plausible, because
HIV infection primarily impairs cellular immunity and to
a lesser degree humoral immunity. Our HIV-infected
study population was relatively healthy; the majority
received cART and had high CD4 cell counts (>500
cells/mm3) at enrolment; hence, results may not be gen-
eralizable to all HIV-infected individuals. Intriguingly,
detectable HIV viral load was negatively associated with
HPV seropositivity. The increased HPV seroprevalence
in HIV-infected MSM observed in our study might be
explained by more persistent (vs. none or transient)
HPV infections and/or more reactivation of latent HPV

Table 3. Univariable and multivariable logistic regression analyses using GEE to assess the association
between HIV status and high-risk HPV seropositivity in 758 MSM participating in the H2M study, adjusting
for age, smoking, and sexual behavior (Amsterdam, 2010–2011)

Univariable Multivariable (n ¼ 749)

OR (95% CI) P value aOR (95% CI) P valuea

HIV-infected <0.001 <0.001
No 1.0 1.0
Yes 2.8 (2.3–3.4) 2.1 (1.6–2.6)

Age (years) by category <0.001 <0.001
�34 1.0 1.0
35–44 1.5 (1.2–2.0) 1.4 (1.1–1.9)
�45 2.5 (1.9–3.3) 1.8 (1.3–2.4)

Tobacco smokingb 0.981 0.249
Never 1.0 1.0
Ever/in the past 1.0 (0.8–1.3) 0.9 (0.7–1.1)
Current smoker 1.0 (0.8–1.3) 0.8 (0.6–1.0)

Lifetime number of male sex partners <0.001 0.032
�100 1.0 1.0
101–500 1.7 (1.3–2.2) 1.3 (1.0–1.7)
�501 2.2 (1.7–2.8) 1.4 (1.1–1.8)

Unprotected anal intercourse last 6 months <0.001 <0.001
No anal intercourse 1.0 1.0
Anal intercourse, always protected 1.0 (0.7–1.3) 1.0 (0.7–1.4)
Anal intercourse, sometimes protected 1.7 (1.2–2.2) 1.5 (1.1–2.1)
Anal intercourse, never protected 0.8 (0.6–1.2) 0.9 (0.6–1.3)

Being fisted last 6 months <0.001 0.001
No 1.0 1.0
Yes 2.5 (1.8–3.4) 1.7 (1.2–2.3)

NOTE: High-risk HPV—HPV types 16, 18, 31, 33, 45, 52, and 58. Significant results (P < 0.05) are represented in bold type.
aBased on Wald test.
bParticipants who were not current smokers but provided no information on past smoking behavior were counted as missing values.
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Figure 1. Type-specific HPV seroprevalence and 95% CIs of 7 high-risk
HPV types in baseline serum samples from 758 MSM participating in the
H2M study, stratified by HIV status (Amsterdam, 2010–2011).
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Table 4. Univariable and multivariable logistic regression model using GEE to assess the association
between potential risk factors and high-risk HPV seropositivity in 450 HIV-negative MSM and 308
HIV-infected MSM participating in the H2M study (Amsterdam, 2010–2011)

HIV-negative MSM HIV-infected MSM

Univariable Multivariable (n ¼ 423) Univariable Multivariable (n ¼ 276)

OR (95% CI) P value aOR (95% CI) P valuea OR (95% CI) P value aOR (95% CI) P valuea

Age (years) by category <0.001 0.021 0.612 0.614
�34 1.0 1.0 1.0 1.0
35–44 1.7 (1.2–2.3) 1.5 (1.1–2.1) 1.1 (0.7–1.7) 1.1 (0.7–2.0)
�45 2.1 (1.4–3.2) 1.8 (1.2–2.9) 1.2 (0.8–1.8) 1.3 (0.7–2.2)

Tobacco smokingb 0.628 0.893 0.011 0.002
Never 1.0 1.0 1.0 1.0
Ever/in the past 1.1 (0.8–1.6) 1.1 (0.7–1.6) 0.7 (0.5–1.0) 0.5 (0.3–0.8)
Current smoker 1.2 (0.8–1.6) 1.0 (0.7–1.5) 0.6 (0.4–0.8) 0.5 (0.3–0.7)

Cannabis use last 6 monthsc 0.002 0.077 0.617 0.977
No 1.0 1.0 1.0 1.0
Yes 1.6 (1.2–2.2) 1.4 (1.0–2.0) 0.9 (0.7–1.2) 1.0 (0.7–1.4)

Poppers use last 6 months 0.008 0.614 0.018 0.117
No 1.0 1.0 1.0 1.0
Yes 1.5 (1.1–2.1) 1.1 (0.8–1.6) 1.4 (1.1–1.9) 1.4 (0.9–2.0)

Circumcised 0.604 0.980 0.323 0.985
No 1.0 1.0 1.0 1.0
Yes 1.1 (0.8–1.6) 1.0 (0.7–1.5) 0.8 (0.6–1.2) 1.0 (0.7–1.5)

Lifetime number of male
sex partners

<0.001 <0.001 0.797 0.959

�100 1.0 1.0 1.0 1.0
101–500 1.7 (1.2–2.3) 1.6 (1.1–2.3) 1.1 (0.8–1.6) 1.0 (0.7–1.6)
�501 2.6 (1.8–3.7) 2.1 (1.4–3.2) 1.1 (0.8–1.6) 1.0 (0.6–1.5)

Unprotected anal intercourse
last 6 months

<0.001 0.053 0.007 0.002

No anal intercourse 1.0 1.0 1.0 1.0
Anal intercourse, always
protected

1.7 (1.1–2.8) 1.2 (0.6–2.1) 0.6 (0.4–1.0) 0.4 (0.2–0.7)

Anal intercourse, sometimes
protected

2.5 (1.6–3.9) 1.8 (1.0–3.2) 1.1 (0.7–1.6) 0.7 (0.4–1.3)

Anal intercourse, never
protected

1.5 (0.9–2.5) 1.3 (0.7–2.3) 0.6 (0.3–1.0) 0.3 (0.2–0.8)

Receptive anal intercourse
last 6 months

<0.001 0.197 0.376 0.075

No 1.0 1.0 1.0 1.0
Yes 1.7 (1.3–2.3) 1.3 (0.9–1.9) 1.2 (0.8–1.6) 1.6 (1.0–2.7)

Being fisted last 6 months 0.002 0.047 0.004 0.018
No 1.0 1.0 1.0 1.0
Yes 2.4 (1.4–4.1) 1.8 (1.0–3.4) 1.7 (1.2–2.5) 1.8 (1.1–2.8)

CD4 cell count at enrolment
(cells/mm3)

0.910 0.754

�350 1.0 1.0
>350 1.0 (0.6–1.5) 0.9 (0.6–1.5)

HIV viral load at enrolment
(copies/mL)

0.008 0.009

<50 1.0 1.0
�50 0.6 (0.4–0.9) 0.5 (0.3–0.9)

NOTE: High-risk HPV—HPV types 16, 18, 31, 33, 45, 52, and 58. HPV type was included in the multivariable models, apart from the
variables shown in the table. Significant results (P < 0.05) are represented in bold type.
aBased on Wald test.
bParticipants who were not current smokers but provided no information on past smoking behavior were counted as missing values.
cThis concerns cannabis use in general (without specifying route of administration).
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infection because of HIV-induced immunosuppression.
In addition, increased HPV acquisition in HIV-infected
MSMdue tomore sexual risk behavior may play a role. In
ourmultivariable analysiswedid adjust for sexual behav-
ior, but residual confounding may be present. Longitu-
dinal data assessing HPV DNA and HPV seropositivity
are necessary to elucidate the associations between (per-
sistent) HPV infection, HIV infection, and HPV antibo-
dies; such data will be provided by our ongoing cohort
study in this group of MSM.

MSM have consistently been shown to have higher
HPV seroprevalence compared to heterosexual men
(46–48), which could be related to receptive anal inter-
course and associated anal HPV infection. One hypoth-
esis is that the mucosal lining of the anal canal provides
better access to the immune system than the kerati-
zined epithelium of the penile skin, leading to earlier
and stronger antibody responses for anal versus penile
HPV infection (14, 48). Our findings support this
hypothesis in that men reporting receptive anal inter-
course had increased odds for HPV seropositivity,
albeit the associations were nonsignificant in multivar-
iable analyses. In addition, receptive fisting, which may
facilitate HPV infection through mucosal damage in the
anal canal, was a strong and independent risk factor for
seropositivity.

Increasing age was significantly associated with HPV
seropositivity in HIV-negative MSM. This age-related
pattern has consistently been described in serology stud-
ies amongmen (16, 39, 40, 46) and may reflect cumulative
lifetime HPV exposure in combination with age-related
changes in immunity. An increasing number of lifetime
male sex partners is a well-known risk factor for HPV
infection (6), and showed a strong and significant associ-
ation with HPV seropositivity in HIV-negative but not in
HIV-infectedMSM. This dissimilaritymight be explained
by a saturation effect in HIV-infected MSM (because they
reported significantly more lifetime sex partners than
HIV-negative MSM) or an overriding effect of HIV infec-
tion on lifetime male sex partners.

Tobacco smoking was negatively associated with HPV
seropositivity in HIV-infected MSM. Smoking is a well-
established risk factor for HPV infection through modu-
lating effects on local and systemic immunity, but the
association between smoking and HPV seropositivity is
more ambiguous. A recent study investigating HPV sero-
conversion following HPV infection in male students
found that a history of cigarette smoking was positively
associated with seroconversion (18). In contrast, another
prospective study observed impaired antibody response
following natural HPV-16 or HPV-18 infection among
young female smokers compared to nonsmokers (49).

This study has several strengths and limitations. First,
our study population was relatively large, and detailed
information was obtained on both recent and lifetime
sexual behavior. Second, we were able to compare HIV-
negative MSM and HIV-infected MSM by using the same
serology method. One important limitation is the cross-

sectional nature of this study, limiting opportunities to
assess time-related effects. Furthermore, although it is
very plausible that many of our highly HPV preexposed
study participants are seropositive for multiple HPV
types, cross-reactivity of phylogenetically related HPV
types is likely and may have led to an overestimation of
the type-specific seropositivity in our study population
(34). Behavioral data in this studywere self-reported, and
as a consequence may be subject to recall bias or socially
desirable answers—although we aimed to limit the latter
by using self-administered questionnaires. Some vari-
ables contained a relatively large amount of missing data,
which we handled by including an extra category for
missings in multivariable analyses. Finally, we do not
have information on anal disease status. In the future,
part of the HIV-infected MSM will undergo high-resolu-
tion anoscopy; we therefore hope to publish data on
disease status in due course.

Our data confirm that HIV-negative MSM and HIV-
infectedMSM�18years of age arehighly exposed tohigh-
risk HPV infections, as antibodies serve as a marker for
current andpreviousHPV infections. The true cumulative
lifetime HPV exposure is probably even greater than
estimated from seroprevalence data, because not all HPV
infections lead to seroconversion and waning of antibo-
dies over time occurs. This study underscores the impor-
tance of prevention ofHPV infection and sequelae inHIV-
negative and HIV-infected MSM, who are at high risk for
HPV-related diseases.

Conclusion
In conclusion, we observed a high seroprevalence of

7 high-risk HPV types among HIV-negative MSM and
HIV-infected MSM in Amsterdam, the Netherlands. HIV
infection was independently associated with HPV sero-
positivity, which might be explained by more persistent
HPV infections or more frequent reactivation of latent
infection. Risk factors for HPV seropositivity included
increasing age, more lifetime male sex partners (in HIV-
negative MSM), and receptive fisting (in both HIV-nega-
tive and HIV-infected MSM). Our data indicate that both
HIV-negative and HIV-infected MSM are highly exposed
to high-risk HPV infections, including HPV-16.

Disclosure of Potential Conflicts of Interest
H.deVries has receivedhonoraria from the speakers bureau of Benecke

and Abvie. Also H. de Vries is a consultant/advisory board member for
Willpharma. M. Schim van der Loeff has other commercial research
support from Sanfo-Pasteur-MSD and Merck. No potential conflicts of
interest were disclosed by the other authors.

Authors' Contributions
Conception and design: S. Mooij, M. van der Sande, P. Snijders, M. Schim
van der Loeff
Development of methodology: S. Mooij, H. de Vries, M. Schim van der
Loeff
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): S. Mooij, F. van der Klis, A. Speksnijder, H. de
Vries, M. Schim van der Loeff
Analysis and interpretation of data (e.g., statistical analysis, biostatis-
tics, computational analysis): S. Mooij, M. van der Sande, R. Schepp, J.A.
Bogaards, M. Schim van der Loeff

Mooij et al.

Cancer Epidemiol Biomarkers Prev; 22(10) October 2013 Cancer Epidemiology, Biomarkers & Prevention1706

on June 26, 2017. © 2013 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


Writing, review, and/or revision of the manuscript: S. Mooij, F. van der
Klis, M. van der Sande, R. Schepp, J.A. Bogaards, H.E. de Melker, H. de
Vries, P. Snijders, M. Schim van der Loeff
Administrative, technical, or material support (i.e., reporting or orga-
nizing data, constructing databases): S. Mooij, F. van der Klis, R. Schepp
Study supervision: M. Schim van der Loeff

Acknowledgments
The authors thank Stichting HIVMonitoring (SHM), in particular F. de

Wolf andC. Smit, for their contributions in data collection; themembers of
theH2Msteering committee, inparticularR.Coutinho, for their advice; the
personnel of the ACS, M.C. Jan van Goyen, and the Amsterdam STI
outpatient clinic for their contributions in implementation of the study
and data collection; M. van Rooijen for assisting in data management; R.
Geskus for critically reading the manuscript, and S. Landry for editorial

review. Above all, we gratefully acknowledge all study participants for
their cooperation.

Grant Support
This studywas funded through a grant fromAids Funds (grant number

2009029) and additional funding from the Public Health Service Amster-
dam and RIVM.

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.

Received May 3, 2013; revised July 11, 2013; accepted July 30, 2013;
published online October 4, 2013.

References
1. Weaver BA. Epidemiology and natural history of genital human pap-

illomavirus infection. J Am Osteopath Assoc 2006;106(3 Suppl 1):
S2–S8.

2. Smith JS, Gilbert PA, Melendy A, Rana RK, Pimenta JM. Age-specific
prevalenceof humanpapillomavirus infection inmales: aglobal review.
J Adolesc Health 2011;48:540–52.

3. Dunne EF, Nielson CM, Stone KM, Markowitz LE, Giuliano AR. Prev-
alence of HPV infection among men: a systematic review of the
literature. J Infect Dis 2006;194:1044–57.

4. Giuliano AR, Lee JH, Fulp W, Villa LL, Lazcano E, Papenfuss MR, et al.
Incidence and clearance of genital human papillomavirus infection in
men (HIM): a cohort study. Lancet 2011;377:932–40.

5. Bosch FX, Burchell AN, SchiffmanM, Giuliano AR, de Sanjos�e S, Bruni
L, et al. Epidemiology and natural history of human papillomavirus
infections and type-specific implications in cervical neoplasia. Vaccine
2008;26 Suppl 10:K1–16.

6. Veldhuijzen NJ, Snijders PJ, Reiss P, Meijer CJ, van de Wijgert JH.
Factors affecting transmission of mucosal human papillomavirus.
Lancet Infect Dis 2010;10:862–74.

7. Trottier H, Burchell AN. Epidemiology of mucosal human papilloma-
virus infection and associated diseases. Public Health Genomics
2009;12:291–307.

8. Van DoornumGJ, PrinsM, Juffermans LH, Hooykaas C, van den Hoek
JA, Coutinho RA, et al. Regional distribution and incidence of human
papillomavirus infections among heterosexual men and women with
multiple sexual partners: a prospective study. Genitourin Med 1994;
70:240–6.

9. Giuliano AR, Lu B, Nielson CM, Flores R, Papenfuss MR, Lee JH, et al.
Age-specific prevalence, incidence, and duration of human papillo-
mavirus infections in a cohort of 290 US men. J Infect Dis 2008;198:
827–35.

10. Kjaer SK,MunkC,Winther JF, JorgensenHO,Meijer CJ, van denBrule
AJ. Acquisition and persistence of human papillomavirus infection in
younger men: a prospective follow-up study among Danish soldiers.
Cancer Epidemiol Biomarkers Prev 2005;14:1528–33.

11. Lajous M, Mueller N, Cruz-Valdez A, Aguilar LV, Franceschi S, Her-
nandez-Avila M, et al. Determinants of prevalence, acquisition, and
persistence of human papillomavirus in healthy Mexican military men.
Cancer Epidemiol Biomarkers Prev 2005;14:1710–6.

12. De Vuyst H, Lillo F, Broutet N, Smith JS. HIV, human papillomavirus,
and cervical neoplasia and cancer in the era of highly active antire-
troviral therapy. Eur J Cancer Prev 2008;17:545–54.

13. Mbulawa ZZ, Marais DJ, Johnson LF, Coetzee D, Williamson AL.
Impact of human immunodeficiency virus on the natural history of
human papillomavirus genital infection in South African men and
women. J Infect Dis 2012;206:15–27.

14. Stanley M. HPV: immune response to infection and vaccination. Infect
Agent Cancer 2010;5:19.

15. Carter JJ, Koutsky LA, Hughes JP, Lee SK, Kuypers J, Kiviat N, et al.
Comparison of human papillomavirus types 16, 18, and 6 capsid
antibody responses following incident infection. J Infect Dis 2000;
181:1911–9.

16. Markowitz LE, Sternberg M, Dunne EF, McQuillan G, Unger ER.
Seroprevalence of human papillomavirus types 6, 11, 16, and 18 in
the United States: National Health and Nutrition Examination Survey
2003–2004. J Infect Dis 2009;200:1059–67.

17. Tiggelaar SM, Lin MJ, Viscidi RP, Ji J, Smith JS. Age-specific human
papillomavirus antibody and deoxyribonucleic acid prevalence: a
global review. J Adolesc Health 2012;50:110–31.

18. Edelstein ZR, Carter JJ, Garg R, Winer RL, Feng Q, Galloway DA, et al.
Serum antibody response following genital {alpha}9 human papillo-
mavirus infection in young men. J Infect Dis 2011;204:209–16.

19. Ho GY, Studentsov YY, Bierman R, Burk RD. Natural history of human
papillomavirus type 16 virus-like particle antibodies in young women.
Cancer Epidemiol Biomarkers Prev 2004;13:110–6.

20. de Gruijl TD, Bontkes HJ, Walboomers JM, Schiller JT, Stukart MJ,
Groot BS, et al. Immunoglobulin G responses against human papillo-
mavirus type 16 virus-like particles in a prospective nonintervention
cohort study of women with cervical intraepithelial neoplasia. J Natl
Cancer Inst 1997;89:630–8.

21. Bodily J, Laimins LA. Persistence of human papillomavirus infection:
keys to malignant progression. Trends Microbiol 2011;19:33–9.

22. Giuliano AR, Tortolero-Luna G, Ferrer E, Burchell AN, de Sanjos�e S,
Kjaer SK, et al. Epidemiology of humanpapillomavirus infection inmen,
cancers other than cervical and benign conditions. Vaccine 2008;26
Suppl 10:K17–28.

23. Bouvard V, BaanR, Straif K, GrosseY, SecretanB, El Ghissassi F, et al.
A review of human carcinogens—part B: biological agents. Lancet
Oncol 2009;10:321–2.

24. Gravitt PE. The known unknowns of HPV natural history. J Clin Invest
2011;121:4593–9.

25. Safaeian M, Porras C, Schiffman M, Rodriguez AC, Wacholder S,
Gonzalez P, et al. Epidemiological study of anti-HPV16/18 seropos-
itivity and subsequent risk of HPV16 and -18 infections. J Natl Cancer
Inst 2010;102:1653–62.

26. Malik ZA, Hailpern SM, Burk RD. Persistent antibodies to HPV virus-
like particles following natural infection are protective against subse-
quent cervicovaginal infection with related and unrelated HPV. Viral
Immunol 2009;22:445–9.

27. HoGY,StudentsovY,Hall CB, BiermanR,Beardsley L, LempaM, et al.
Risk factors for subsequent cervicovaginal human papillomavirus
(HPV) infection and the protective role of antibodies to HPV-16
virus-like particles. J Infect Dis 2002;186:737–42.

28. Lu B, Viscidi RP, Wu Y, Lee JH, Nyitray AG, Villa LL, et al. Prevalent
serum antibody is not a marker of immune protection against acqui-
sition of oncogenic HPV16 in men. Cancer Res 2012;72:676–85.

29. Trottier H, Ferreira S, Thomann P, Costa MC, Sobrinho JS, Prado JC,
et al. Human papillomavirus infection and reinfection in adult women:
the role of sexual activity and natural immunity. Cancer Res 2010;70:
8569–77.

30. Harper DM, Franco EL, Wheeler C, Ferris DG, Jenkins D, Schuind A,
et al. Efficacy of a bivalent L1 virus-like particle vaccine in prevention of
infection with human papillomavirus types 16 and 18 in youngwomen:
a randomised controlled trial. Lancet 2004;364:1757–65.

Seroepidemiology of HPV in HIV-Negative and HIV-Infected MSM

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 22(10) October 2013 1707

on June 26, 2017. © 2013 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


31. Villa LL, Ault KA, Giuliano AR, Costa RL, Petta CA, Andrade RP, et al.
Immunologic responses following administration of a vaccine target-
ing human papillomavirus types 6, 11, 16, and 18. Vaccine 2006;
24:5571–83.

32. Jansen IA, Geskus RB, Davidovich U, Jurriaans S, Coutinho RA, Prins
M, et al. Ongoing HIV-1 transmission among men who have sex with
men in Amsterdam: a 25-year prospective cohort study. AIDS
2011;25:493–501.

33. Heijman RL, Stolte IG, Thiesbrummel HF, van Leent E, Coutinho RA,
Fennema JS, et al. Opting out increases HIV testing in a large sexually
transmitted infections outpatient clinic. Sex Transm Infect 2009;85:
249–55.

34. Scherpenisse M, Mollers M, Schepp RM, Boot HJ, de Melker HE,
Meijer CJ, et al. Seroprevalence of seven high-risk HPV types in The
Netherlands. Vaccine 2012;30:6686–93.

35. Dias D, VanDoren J, Schlottmann S, Kelly S, Puchalski D, RuizW, et al.
Optimization and validation of a multiplexed luminex assay to quantify
antibodies to neutralizing epitopes on human papillomaviruses 6, 11,
16, and 18. Clin Diagn Lab Immunol 2005;12:959–69.

36. Opalka D, Lachman CE, MacMullen SA, Jansen KU, Smith JF, Chir-
mule N, et al. Simultaneous quantitation of antibodies to neutralizing
epitopes on virus-like particles for human papillomavirus types 6, 11,
16, and 18 by a multiplexed luminex assay. Clin Diagn Lab Immunol
2003;10:108–15.

37. Opalka D, Matys K, Bojczuk P, Green T, Gesser R, Saah A, et al.
Multiplexed serologic assay for nine anogenital human papillomavirus
types. Clin Vaccine Immunol 2010;17:818–27.

38. Frey A, Di CJ, Zurakowski D. A statistically defined endpoint titer
determination method for immunoassays. J Immunol Methods
1998;221:35–41.

39. Dunne EF, Nielson CM, Hagensee ME, Papenfuss MR, Harris RB,
Herrel N, et al. HPV6/11, 16, 18 seroprevalence inmen in twoUScities.
Sex Transm Dis 2009;36:671–4.

40. LuB, Viscidi RP, Lee JH,WuY,Villa LL, Lazcano-PonceE, et al. Human
papillomavirus (HPV) 6, 11, 16, and 18 seroprevalence is associated
with sexual practice and age: results from the multinational HPV

Infection in Men Study (HIM Study). Cancer Epidemiol Biomarkers
Prev 2011;20:990–1002.

41. Desai S, Chapman R, Jit M, Nichols T, Borrow R, Wilding M, et al.
Prevalence of human papillomavirus antibodies in males and females
in England. Sex Transm Dis 2011;38:622–9.

42. HeiligenbergM,Michael KM,KramerMA,PawlitaM, PrinsM,Coutinho
RA, et al. Seroprevalence and determinants of eight high-risk human
papillomavirus types in homosexual men, heterosexual men, and
women: a population-based study in Amsterdam. Sex Transm Dis
2010;37:672–80.

43. Vriend HJ, Bogaards JA, Van der Klis FRM, Scherpenisse M, Boot HJ,
King AJ, et al. Patterns of human papillomavirus DNA and antibody
positivity in young males and females, suggesting a site-specific
natural course of infection. PLoS One 2013;8:e60696.

44. Poynten IM, Jin F, Templeton DJ, Prestage GP, Donovan B, PawlitaM,
et al. Prevalence, incidence, and risk factors for human papillomavirus
16 seropositivity in Australian homosexual men. Sex TransmDis 2012;
39:726–32.

45. Hagensee ME, Kiviat N, Critchlow CW, Hawes SE, Kuypers J, Holte S,
et al. Seroprevalence of human papillomavirus types 6 and 16 capsid
antibodies in homosexual men. J Infect Dis 1997;176:625–31.

46. Lu B, Hagensee ME, Lee JH, Wu Y, Stockwell HG, Nielson CM, et al.
Epidemiologic factors associated with seropositivity to human papil-
lomavirus type 16 and 18 virus-like particles and risk of subsequent
infection in men. Cancer Epidemiol Biomarkers Prev 2010;19:511–6.

47. Stone KM, Karem KL, Sternberg MR, McQuillan GM, Poon AD, Unger
ER, et al. Seroprevalence of human papillomavirus type 16 infection in
the United States. J Infect Dis 2002;186:1396–402.

48. Lu B, Viscidi RP, Wu Y, Nyitray AG, Villa LL, Lazcano-Ponce E, et al.
Seroprevalence of human papillomavirus (HPV) type 6 and 16 vary by
anatomic site of HPV infection in men. Cancer Epidemiol Biomarkers
Prev 2012;21:1542–6.

49. Simen-KapeuA, Kataja V, YliskoskiM, Syrjanen K, Dillner J, Koskela P,
et al. Smoking impairs human papillomavirus (HPV) type 16 and 18
capsids antibody response following natural HPV infection. Scand J
Infect Dis 2008;40:745–51.

Cancer Epidemiol Biomarkers Prev; 22(10) October 2013 Cancer Epidemiology, Biomarkers & Prevention1708

Mooij et al.

on June 26, 2017. © 2013 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


2013;22:1698-1708. Cancer Epidemiol Biomarkers Prev 
  
Sofie H. Mooij, Fiona R.M. van der Klis, Marianne A.B. van der Sande, et al. 
  
HIV-Infected MSM: The H2M Study
Seroepidemiology of High-Risk HPV in HIV-Negative and

  
Updated version

  
 http://cebp.aacrjournals.org/content/22/10/1698

Access the most recent version of this article at:

  
  

  
  

  
Cited articles

  
 http://cebp.aacrjournals.org/content/22/10/1698.full#ref-list-1

This article cites 49 articles, 21 of which you can access for free at:

  
Citing articles

  
 http://cebp.aacrjournals.org/content/22/10/1698.full#related-urls

This article has been cited by 3 HighWire-hosted articles. Access the articles at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgat

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department

  
Permissions

  
.permissions@aacr.org

To request permission to re-use all or part of this article, contact the AACR Publications Department at

on June 26, 2017. © 2013 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/content/22/10/1698
http://cebp.aacrjournals.org/content/22/10/1698.full#ref-list-1
http://cebp.aacrjournals.org/content/22/10/1698.full#related-urls
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
mailto:permissions@aacr.org
http://cebp.aacrjournals.org/

