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Abstract

Cervical cancer is a major public health problem,as it is the
second most common cancer in women world-wide after
breast cancer. About 80% of the half a million cases esti-
mated to occur annually in the world, occur in developing
countries.The epidemiological evidence linking human pap-
illomavirus (HPV) to cervical cancer is reviewed. It is con-
cluded that over 90% of cervical cancers can be attributed
to certain HPV types. HPV 16 accounts for the highest pro-
portion (50%) followed by HPV 18 (12%), HPV 45 (8%) and
HPV 31 (5%). The associations with these HPV types are
very strong and consistent with odds ratios over |5 in all
case-control studies in high- and low-risk countries for cer-
vical cancer. However, HPV is not a sufficient cause of this
malignancy; certain cofactors are necessary for a propor-
tion of HPV persistent infections to eventually progress to
cancer. These include host factors such as histocompatibil-
idad types and immunological response, hormonal influenc-
es and infections with other sexually transmitted agents such
as Chlamydia trachomatis. In addition, results from our stud-
ies carried out in Spain and Colombia support the hypoth-
esis that male carriers of HPV play an important role in the
development of cervical cancer in their wives. The recog-
nition of the central role of HPV in cervical cancer has
far-reaching implications for the primary and secondary pre-
vention of this malignancy. Prophylactic and therapeutic
HPV vaccines are now under development and HPV typing
is being integrated into screening programmes in pilot stud-
ies in a few developed countries. In developing countries,
well conducted conventional screening programmes remain
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Cancer del cérvix y virus del papiloma humano:
evidencia epidemiolégica

y perspectivas para su prevencion.

Salud Publica Mex 1997;39:274-282.

Resumen

El cancer del cérvix constituye un problema importante
de salud publica y es el mas comin en el mundo, des-
pués del de mama. Aproximadamente 80% de los 500 000
casos que se calcula se presentan anualmente en el mun-
do, corresponde a los paises en desarrollo. Actualmente
se revisa la evidencia epidemioldgica que relacionaal virus
del papiloma humano (VPH) con el cancer del cérvix.Se ha
concluido que alrededor de 90% de los canceres de cér-
vix pueden atribuirse a ciertos tipos de VPH. Asi, el VPH
16 representa la mayor proporcion (50%), seguido por el
VPH 18 (12%), el VPH 45 (8%) y el VPH 31 (5%). Las asocia-
ciones con estos tipos de VPH son bastante fuertes y con-
sistentes con razones de momios mas alla de 15 en todos
los estudios de casos y controles en los paises con alto y
bajo riesgo de cancer cervical. No obstante, el VPH no cons-
tituye una causa suficiente de esta enfermedad; son ne-
cesarios ciertos cofactores para que un porcentaje de
infecciones persistentes por VPH logre, en algin momento,
progresar y dar lugar al cancer. Entre ellos estdn los fac-
tores del huésped como los tipos de antigenos de histo-
compatibilidad y la respuesta inmonoldgica, las influencias
que ejercen las hormonas y otros agentes de transmision
sexual, como por ejemplo la Chlamydia trachomatis. Por otra
parte,los resultados de los estudios que se llevaron a cabo
en Espafia y en Colombia permiten sostener la hipétesis de
que los portadores masculinos deVPH desempefian un papel
importante en el desarrollo del cancer de cérvix que pre-
sentan sus esposas. El reconocimiento del sitio tan destacado
que ocupa el VPH en el cancer cervical ha rebasado en mu-
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(2) Servei d’Epidemiologia i Registre del Cancer, Hospital Duran i Reynals, Barcelona, Spain.

Fecha de recibido: 24 de marzo de 1997 « Fecha de aprobado: 6 de junio de 1997
Reprint requests to: Dra. Nubia Mufioz. International Agency for Research on Cancer. |50, Cours Albert Thomas, F-69372 Lyon Cédex 08, France.

274

salud publica de méxico / vol.39, no.4, julio-agosto de 1997



Cervical cancer and human papillomavirus

the best approach for the control of cervical cancer until a
safe and efficient HPV vaccine can be used in the general
population.

Key words: cervix neoplasms/prevention & control; papil-
lomavirus, human; review

cho las implicaciones de la prevencion primaria y secundaria
de este padecimiento. Hoy en dia se estin desarrollando
vacunas terapéuticas y profilicticas contra el VPH y su tipi-
ficacion se estd integrando a los programas de deteccion
en estudios piloto de algunos paises desarrollados. En las
naciones en desarrollo,los programas de deteccion conven-
cionales y que cuentan con un buen manejo siguen siendo
el mejor enfoque para controlar el cancer del cérvix hasta
que pueda utilizarse una vacuna segura y eficaz contra el
VPH en la poblacién en general.

Palabras clave: neoplasmas del cuello uterino/prevencion &
control; papillomavirus humano; revision

C ervical cancer is a major public health problem, as
it is the second most common cancer in women
world-wide after breast cancer. About 80% of the half
a million cases estimated to occur annually in the
world, occur in developing countries. The highest in-
cidence rates are reported from African, South Amer-
ican and certain Asian countries and the lowest rates
from southern and northern Europe, North America
and the Middle-East.! Until five years ago, critical as-
sessments of the epidemiological evidence linking
human papillomavirus (HPV) to cervical cancer con-
cluded that it was highly suggestive but not conclu-
sive of a causal association.?® Since then, a series of
well-designed epidemiological studies using accurate
hybridization assays to assess HPV exposure have been
reported and recently reviewed.* These studies were
important contributors to the overall assessment of
certain types of HPV as carcinogenic to humans car-
ried out by an interdisciplinary expert group convened
by the International Agency for Research on Cancer
(IARC).* They comprise an impressive and largely con-
sistent set of case-series, case-control studies and some
cohort investigations that will be reviewed below. Only
those studies using accurate HPV DNA detection meth-
ods to assess exposure to HPV will be considered.

Case series

Prevalences of HPV DNA ranging from 22% to 100%
have been reported in over 30 series of cervical intraep-
ithelial neoplasia (CIN) and cervical cancer.® This broad
range in the HPV prevalence is due to various sources
of variation: the hybridization method used (with or
without amplification), the different tumour specimens
(cervical swabs, lavages, biopsies or surgical speci-
mens) and tissue preservation (fresh, frozen or fixed).

salud publica de méxico / vol.39, no.4, julio-agosto de 1997

The IARC has coordinated an international prev-
alence survey of HPV in cervical cancer that can be
regarded as the prototype of this type of studies. Over
1000 frozen biopsies from histologically confirmed cer-
vical cancers were collected from 22 countries around
the world using a standard protocol. They were test-
ed in a central laboratory using a PCR-based assay ca-
pable of detecting more than 25 HPV types. HPV DNA
was detected in 93% of the tumours and the use of
additional HPV detection methods suggests that few-
er than 5% of cervical cancers are probably truly
HPV-negative tumours. The most common HPV types
detected were: HPV 16 in 49.2%, HPV 18 in 11.7%,
HPV 45 in 8% and HPV 31 in 5% of the specimens.
HPV 16 was the predominant type in all countries
except Indonesia, where HPV 18 was more com-
mon. A clustering of HPV 45 was apparent in west-
ern Africa, while HPVs 39 and 59 were detected
almost exclusively in Latin America. HPV 16 was the
most common type detected in squamous cell carci-
nomas but HPV 18 predominated in adenocarcino-
mas.® The knowledge of the distribution of the various
HPV types associated with cervical cancer in the dif-
ferent geographical areas is essential to the develop-
ment of HPV vaccination strategies to curb the burden
of cervical cancer.

Case-control studies

High-grade CIN lesions (CIN 1I-111)

Considering that low-grade CIN or CIN I lesions are
cytological or histologically indistinguishable from
the morphological signs of HPV productive infection,

CIN I could be regarded as an unsensitive marker of
HPV exposure and not as a disease outcome. Thus,
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only high-grade CIN lesions will be considered in this
review.

Table | summarizes the results of six case-control
studies combining a good epidemiological design and
a PCR-based hybridization assay.”™

In the 1ARC studies in Spain and Colombia, an
early version of the L1 consensus primer system was
used with a generic probe detecting a narrower spec-
trum of HPV types® while in the studies in the US and
Taiwan an improved version of the L1 consensus prim-
er system with a more sensitive generic probe and 25
HPV type-specific probes were used.®* In the study
in Norway nested general primers were used.*

Comparing the results of the six studies summa-
rized in Table |, it is clear that HPV DNA prevalence
among cases is higher (> 90%) in those studies using
highly sensitive PCR-based assays than in those us-
ing the early versions of these assays (63-70%). In com-
paring the prevalence of HPV DNA among controls

we shall take into account the age structure as well
as the source of control patients, in addition to the ac-
curacy of the hybridization techniques. Thus, the
higher prevalences in Portland, USA and Norway
than in Spain and Colombia are probably explained
by the younger age of the study populations as well as
the more sensitive PCR assays in the former studies,
while the higher prevalence of HPV DNA in New Me-
xico than in the Portland study is probably determined
by the nature of the control group (women referred to
a colposcopy clinic). Thus, selection bias cannot be to-
tally excluded in the study carried out in New Mexico.

As mentioned before, the PCR assay used in the
studies in Spainand Colombia, was less sensitive than
the PCR-based assay used in the other studies; thus,
the odds ratios (ORs) and attributable fractions (AF)
given in Table | for Spain and Colombia are probably
underestimates of the true ORs and AFs. The adjusted
OR for HPV DNA (any type) ranged from 16 in Co-

Table |
PCR-BASED cASE-CONTROL STUDIES oN CIN II-111

Study area Cases Controls HPV prevalence Adjusted HPV Adjustment

(author) No. No. HPV Cases  Controls OR (95% CI) AF (%) for

Spain 157 193 Any HPV 70.7 4.7 56.9 (24.8-130.6) 724  Age, study area, NSP, AFS|,
(CIN 111 HPV 16 49.0 0.5 295.5 (44.8-1946.6) 59.6  C. Trachomatis

Colombia 125 181 Any HPV 63.2 10.5 155 (8.2-29.4) 603 Age, NSP, AFSI, smoking,

(Bosch et al., 1993)7 C. Trachomatis

Portland, USA 50 433 Any HPV 90.0 17.7 42.0 (15.3-1243) 879  Age, NSP

(Schiffman et al., 1993)®  (CIN II-ll) HPV 16/18  62.0 29 180.0 (49.0-630.0) 83.8

N. Mexico, USA 176 311 Any HPV 93.8 42.1 20.8 (10.8-40.2) 89.0  Age, NSP, AFSI, ethnicity

(Becker et al., 1994)° (CIN 11-11T) HPV 16 524 8.6 9.9 (54-183) 440

Norway 98 221 Any HPV 90.8 15.4 728 (27.6-191.9) 920  Age, NSP, AFSI, smoking,

(Olsen et al., 1995)'° (CIN 11-11T) HPV 16 65.3 6.3 182.4 (54.0-616.1) 920  OC use, parity, E, genital

warts
Taiwan 39 261 Any HPV 91.7 9.2 122.3 (38.5-388.9) 91.0 Age at screening
(Liaw et al, 1995)" (CIN 111 High-risk 583 0.8 1279.9 (185.5-8829.8)  58.0

NSP= number of sexual partners
AFSI= age at first sexual intercourse
E= education

OC= oral contraceptives

AF= attributable fraction
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lombia to 122 in Taiwan and for HPV 16, from 10 in
New Mexico to 296 in Spain. The OR for high-risk HPV
types (HPV 16, 18, 31, 45) was 1 280 in Taiwan.

The fraction of high-risk CIN attributable to HPV
ranged from 60% in Colombia to 92% in Norway.

Invasive cervical cancer

Table Il summarizes four case-control studies fulfill-
ing the inclusion criteria; in all of them PCR-based as-
says were used.

In Spain and Colombia, Mufioz et al.® conducted
two population-based case-control studies including
women with invasive squamous cell cervical cancer
and population controls randomly selected from the
populations under study. HPV detection was done
using PCR methods based on the L1 region consensus
primers as described above.*?

In Brazil and China, hospital-based case-control
studies were carried out and two different PCR assays
were used. In Brazil, a PCR-based assay using a gen-
eral primer which amplifies a small region of L1
gene and various type-specific probes, was employed.*
The PCR assay used in the Chinese study did not in-
clude a consensus primer that amplifies a broad spec-
trum of HPV types, but only primers for HPV 16 and
33; thus, it is not directly comparable with the other
three studies.

The four case-control studies summarized in Ta-
ble Il give consistent results. The higher HPV DNA

prevalence among cases from Brazil than among cas-
es from Spain and Colombia is probably test-related.
Among controls higher HPV prevalences are ob-
served in the high-risk countries for cervical cancer
(Brazil and Colombia) than in the low-risk coun-
tries (Spain and China). The adjusted ORs for HPV
DNA (any type) ranged from 16 in Colombia to 46 in
Spain and those for HPV 16 from 6 in Colombia to 75
in Brazil. The fraction of cervical cancer attributable to
HPV ranged from 66% in Colombia to 86% in Brazil.

No formal case-control studies on cervical adeno-
carcinoma have been reported.

Case-control studies suffer from inherent tempo-
ral ambiguity concerning exposure and disease out-
come. Thus, the higher prevalence of HPV DNA
among cases than among controls could be interpret-
ed in two ways:

1. If we assume that a single measurement of HPV
DNA is a good marker of chronic persistent infec-
tion with HPVs, HPV DNA detected at recruit-
ment of case and controls could be regarded as
a marker of an HPV infection that preceded the
cancer development.

2. HPV DNA could be more readily detected in tu-
moural cells than in normal cells or could be a
marker of an opportunistic infection with HPV.

Direct evidence in support of the first possibility
can only be derived from long-term follow-up studies

Table I
PCR-BASED CASE-CONTROL STUDIES ON INVASIVE CERVICAL CANCER

Study area Cases Controls HPV prevalence Adjusted HPY Adjustment

(author) No. No. HPV Cases Controls OR (95% Cl) AF (%) for

Spain 250 238 Any HPV 69.0 4.6 46.2 (18.5-11.1)  67.5 Age, study area, NSP, AFB,
HPV 16 458 3.1 14.9 (5.0-49.5)  30.1 E, screening history

Colombia 186 149 Any HPV 724 133 15.6 (6.9-34.7) 66.0  Age, NSP AFB, E, screening

(Mufioz et al., 1992)" HPV 16 50.6 9.2 55(24-129) 293 history

Brazil 199 255 Any HPV 84.0 17.0 37.1 (19.6-70.4) 86.0  Age, SES

(Eluf-Neto etal., 1994)" HPV 16 538 5.3 749 (32.5-173.0)  79.7  Age, |, R, AFM, smoking

China 101 106 HPV 16/33 347 1.4 329 (7.7-141.1) 310

(Peng et al., 1991)'®

I= income
R= residence

NSP= number of sexual partners
AFB= age at first birth

E= education

SES= socio-economic status

AFM= age at first marriage
AF= attibutable fraction

salud publica de méxico / vol.39, no.4, julio-agosto de 1997
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and a few of such studies will be reviewed below. How-
ever, indirect evidence may be obtained from the trend
of HPV DNA prevalence by time since last sexual in-
tercourse, because sexual transmission is the major
route of transmission. Data from our studies in Spain
and Colombia show a stable high rate of HPV DNA
positivity both in women with cervical cancer who
reported being sexually active at the time of the in-
terview and in women who had their last sexual inter-
course many years before entry into the study.”*?

The possibility of enhanced detectability in tu-
moural cells is unlikely because the HPV DNA preva-
lence in precursor lesions (CIN 11-111) is as high as in
invasive cervical cancer. Against the argument of HPV
being an opportunistic infection there is a great deal
of laboratory data indicating that DNA and tran-
scripts of specific HPV types are usually detected in
tissue specimens from cervical cancer and its precur-
sor lesions, and that high-risk HPV are able to immor-
talize human cells and their oncoproteins interfere with
the functions of negative cellular regulators.®

Cohort studies

Although several cohort or follow-up studies have been
reported, only those having as end-point CIN [I-l11,
using S. blot or PCR-based hybridization assays for
HPV DNA detection and fulfilling basic design crite-
ria will be considered here.

Three studies from the US have been reported. In
the first one, a cohort of 241 cytologically normal wom-
en recruited froma STD clinic were followed every four
months for an average of 25 months. HPV DNA was
detected using dot blot and S. blot. HPV DNA positiv-
ity increased the risk of developing CIN II-1ll. The
adjusted RR was 11.0 (95% CI=3.7-31.0).16

In a second study, 206 women (173 with low-grade
SIL and 33 with high-grade SIL) who participated in
an intervention trial were followed every two months
during six months. HPV DNA 16 was detected at study
entry and at each follow-up examination by S. blot. By
multivariate modelling and adjustment for age, race,
smoking, oral contraceptive use and plasma levels of
micronutrients, HPV 16 was found to be related to pro-
gression to high-grade SIL with a relative risk of 1.19
and 95% Cl=1.03-1.38.V

In the third study, 70 women with a histological
diagnosis of dysplasia were followed at 3-months in-
tervals during 15 months. These women were enrolled
in a double-blind randomized trial to assess the effica-
cy of b-carotene for the treatment of CIN. HPV DNA
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was detected by both S. blot and a PCR-based assay.
Persistent SIL was associated with persistent HPV in-
fection and especially with persistent high viral load
(OR=4.1; 95% CI = 1.4-12.3), detected by S. blot. ORs
were adjusted for randomized group.®

In the Netherlands a cohort of 342 women with
abnormal cytology (with Pap class 3b or lower, i.e.
CIN 11 or lower) were followed-up every 3-4 months
during an average follow-up period of 16 months.?
During the follow-up visits the following examinations
were performed: cytology, colposcopy without biopsy
and HPV DNA testing for 27 HPV types using an ac-
curate PCR technique. Nine (3.0%) of the 298 women
with an original cytological diagnosis of Pap 3a (CIN
I-11) progressed to CIN Il (diagnosed by colposcopy
and histology) and all of them were HPV DNA posi-
tive for high-risk types at enrollment and during the
follow-up. The authors reported that the progression
rate was higher among women positive for high-risk
HPV types than among women with low-risk HPV or
negative for HPV.

Two retrospective cohort studies based on archi-
val cytological or histological slides have been re-
ported.

In the UK, a cohort of 93 untreated women with
cervical abnormalities was identified from a random-
ized control trial undertaken some years ago. The
patients were followed every four months by colpo-
scopical and cytological examinations for a median
period of 26 months. HPV 16 and 18 were detected
in the baseline biopsy sections by a PCR-based assay.
HPV 16 and/or 18 were detected in 47 women (51%)
and their presence was associated with an increased
risk of progression (OR= 2.3, 95% Cl=1.2-4.3).%

In Sweden, smears from 30 women with invasive
cervical cancer (18 squamous cell carcinomas and 12
adenocarcinomas) and from 58 with in situ carcinoma
positive for HPV DNA were compared with smears of
a control group of women. For the cases, the smears
were taken 1.5 to 7 years prior to the diagnosis of can-
cer. HPV DNA was detected with a nested PCR-based
assay, in 67% of the smears preceding the cancer in case
women and in 11% of control women (OR= 16, 95%
Cl=6.8-3.8).2

Results from the above studies suggest that per-
sistent infection with high-risk HPV types precedes
the development of CIN II-111 and predicts a high risk
of developing it. The main limitation of this study de-
sign is than in most settings follow-up is interrupted
at stages CIN 1I-11I for treatment of these lesions and
therefore the role of HPV in the progression to inva-

salud publica de méxico / vol.39, no.4, julio-agosto de 1997
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sive cancer cannot be investigated. In addition, it is
known that a certain proportion of CIN II-11I lesions
regress spontaneously.

Various other cohort studies are in progress in
Colombia, Costa Rica, India, the US and UK but re-
sults have not yet been reported.

Conclusions on HPV and cervical cancer

The epidemiological data reviewed above indicate that
the association between certain HPV types and cervi-
cal cancer fulfil the accepted criteria of causality pro-
posed by Sir Bradford Hill;

1. It is very strong, with ORs over 15 in all method-
ologically sound case-control studies using reli-
able methods for HPV DNA detection. The
strength of the association rules out the possibil-
ity that it can be explained by chance, bias or con-
founding.

2. Itisconsistent, as equally strong associations have
been found both in high- and low-risk countries
for cervical cancer.

3. There is a dose-response relationship with viral
load. High levels of HPV DNA appear to carry a
higher risk of cervical neoplasia than low levels.

4. Results from a few cohort studies indicate that
infection with certain HPV types precedes the de-
velopment of CIN I1-I11 lesions.

5. The association is specific for certain HPV types
called high-risk HPV types. Out of the 30 HPV
types that infect the uterine cervix, HPV 16 ac-
counts for the highest proportion of cervical can-
cer followed by HPV 18, 45 and 31.

6. The epidemiological evidence is supported by a
great number of laboratory investigations indicat-
ing a carcinogenic potential of the HPV types im-
plicated in cervical neoplasia.®

These conclusions have been endorsed by an in-
ternational multi-disciplinary group who met recent-
ly in Lyon to evaluate the carcinogenicity of HPV.®

Results from the reviewed case-control studies and
the IARC international prevalence survey of HPV DNA
in invasive cervical cancer indicate that over 90% of
these tumours can be attributed to certain HPV types.

Cofactors
The fact that only a small minority of the persistent
HPV infections progress eventually to cancer indicates

that there should be other factors or cofactors that
increase the progression to malignancy. Thus, if we con-

salud publica de méxico / vol.39, no.4, julio-agosto de 1997

sider the small fraction of cervical cancers in which
HPV DNA has not been detected as truly HPV-nega-
tive cases we shall conclude that HPV is neither a nec-
essary nor a sufficient cause of cervical cancer. Three
types of cofactors may be of importance:

= Viral types and variants: Results from the cohort
studies referred to above'*** and from on-going
studies indicate that high-risk or oncogenic HPV
types and perhaps certain variants of these types?
are associated with a higher risk of cervical neo-
plasia.

* Host factors that would modulate the effect of
HPV, such as genetic factors (HLA or MHC hap-
lotypes), genetic or induced immunosuppres-
sion, endogenous hormonal factors, reflected in
the associations with high parity detected in our
studies,*#% as well as early age at first sexual in-
tercourse that could be regarded as a surrogate of
early age at first HPV infection.

= Exogenous factors. In our studies in Spain, Co-
lombia and Brazil, only long-term use of oral
contraceptives and infection with Ch. trachoma-
tis emerged as cofactors among HPV-positive
women.?# However, our observations need to
be confirmed in other populations and in larger
studies. Our ongoing multi-centre study in which
a larger number of women with HPV-positive in-
vasive cervical cancer will be compared with HPV-
positive control women will produce valuable
information on the role of cofactors, which are
schematized in Figure 1.

Our studies also suggest that the above cofactors
probably influence more the progression from persis-
tent HPV infection to CIN III than from CIN Il to in-
vasive cervical cancer. In fact, a comparison of the risk
factors identified for CIN Ill and invasive cancer in
Spain and Colombia did not reveal any risk factor that

Transient C. Trachomatis

/ infections
HPV

infection \
Persistent Low gr. High gr. Invasive

T infection CIN |45y CIN g5, cancer

/N Y

* HPV types and variants
* Age at infection
* Immunological factors

* Hormonal factors
* Genetic factors

FIGURE |.THE CAUSES OF CERVICAL CANCER
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was consistently different between CIN Il and inva-
sive cancer to suggest a role in the progression of CIN
11 to invasive cancer.”

Finally, the role of aetiological factors independent
from HPV has not been considered as it is still uncer-
tain whether the small proportion of cervical cancer
negative for HPV DNA are truly negative or are
false negative which might turn oat to be HPV-posi-
tive when more sensitive methods of HPV DNA
detection are available. In any case, if a subgroup of
HPV-negative cervical cancer is finally identified, it
would probably account for less than 5% of cervical
cancers.

Male role

In 1982, a model was proposed whereby the high rates
of cervical cancer in Latin America could be explained
by a large number of sexual partners among males,
including frequent contacts with prostitutes, coupled
with monogamy or few sexual partners among wom-
en.? Case-control studies assessing the contribution of
male sexual behaviour and genital HPV DNA to the
risk of developing cervical neoplasia have yielded in-
consistent results. The effect of the number of hus-
bands’ sexual partners was more apparent in countries
at low risk of cervical cancer than in countries at high
risk. The effect of the number of prostitutes was in-
consistent and the early studies in which HPV DNA
in the penis was detected by inaccurate hybridization
assays were all negative.”

The 1ARC studies in Spain and Colombia were
first in showing a strong relationship between HPV
DNA in the male penis/urethra and the risk of cervi-
cal cancer in their wives. The prevalence of HPV DNA
in the penis was strongly related to sexual behaviour
and the number of sexual partners and use of prosti-
tutes reported by the husbands was higher in Colom-
bia than in Spain. In Spain, a country traditionally at
low risk for cervical cancer, the presence of HPV DNA
in the husband’s penis conveyed a 5 to 7-fold risk of
cervical cancer to their wives. The risk was 9-fold for
spouses of carriers of HPV 16. The risk of cervical can-
cer was strongly related to the number of extramarital
sexual partners (ORa= 11.0, 95% Cl= 3.0-40.0, for 21
vs 1), and to the number of extramarital prostitutes as
sexual partners (ORa= 8.0, 95% Cl= 2.9-22.2, for 10 vs
none). The presence of antibodies to Ch. trachomatis
and an early age at first sexual intercourse of the hus-
band were both associated with a significant three-fold
increased risk of cervical cancer in their wives.?

In Colombia, a high-risk country for cervical can-
cer, limited education and presence of antibodies to
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Ch. trachomatis were the only identified male risk fac-
tors for cervical neoplasia. The prevalence of HPV
DNA in the penis was 25.7% among husbands of case
women and 18.9% among husbands of control women
(OR= 1.2, 95% CI= 0.6-2.3). Neither the lifetime num-
ber of sexual partners (OR= 1.0, 95% Cl= 0.4-2.6, for
> 50 partners vs 1 to 5), nor the lifetime number of
prostitutes reported by the husbands (OR= 1.2, 95%
Cl=0.7-2.0, for 21 prostitutes vs 1 to 5) were associated
with the risk of cervical cancer in their wives.?

In Spain, the study supports the role of men as
vectors of the HPV types that are related to cervical
cancer. Lifetime number of sexual partners, number of
prostitutes as sexual partners and detection of HPV
DNA in the penis at the time of the study, are inter-
preted as surrogate markers of exposure to HPV dur-
ing marriage. The results in Colombia are compatible
with the hypothesis that in the high-risk population of
Cali, exposure to HPV among young men is common
and mediated by contacts with a high number of sex-
ual partners and prostitutes. These widespread sexual
practices limit the power of case-control studies to de-
tect significant associations between men’s sexual
behaviour and cervical cancer risk. In this population,
HPV DNA detection in the penis of adult men is a poor
reflection of lifetime or of the aetiologically relevant
exposure to HPV. The role of Ch. trachomatis in cervi-
cal carcinogenesis deserves further investigation.

The results of the studies describing the role of men
in the epidemiology of cervical cancer strongly con-
firm that the HPV types related to cervical cancer are
a widespread sexually transmitted disease. Further-
more, they suggest that men can operate as HPV carri-
ers in the epidemiological chain. At present there is no
obvious recommendation concerning clinical manage-
ment of male HPV carriers. Detection requires testing
for HPV DNA in exfoliated cells from the penis, not an
easy task both technically and socially. Colposcopic
inspection using acetic acid painting has been recom-
mended and minute HPV-related lesions are often un-
veiled among partners of women with CIN or HPV
infections. Finally, there is at present no reliable treat-
ments for HPV and it has not been clearly shown that
condoms would prevent HPV transmission. In spite
of these difficulties, any comprehensive approach to
HPV control should include research to further elu-
cidate the male role in cervical carcinogenesis and to
devise adequate intervention strategies.

Implications for prevention

The knowledge that certain types of HPV account for
over 90% of cervical cancer has far-reaching implica-
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tions for the primary and secondary prevention of this
malignancy. Prophylactic and therapeutic HPV vac-
cines are now under development and a few phase |
trials are under way with the latter ones.®

The immunogens of choice for prophylactic vac-
cines appear to be the virus-like particles (VLPs) which
have been produced for HPV 6, 11, 16, 18, 31, 33, 35, 39
and 45. Vaccines based on VLPs have been shown to
be strongly immunogenic in animal models (rabbits,
dogs and cattle), but have not yet been tested in hu-
mans. Several laboratories and companies are now pro-
ceeding to the large-scale production of VLP vaccines
at the standards required for human trials. Phase I-
I trials are being planned for 1997-1998 and phase 111
trials will probably not start before the year 2000.

Prophylactic HPV vaccines represent the most
promising long-term strategy for control of cervical
cancer, especially in developing countries where 80%
of these cancers occur and where the screening pro-
grammes have largely failed. However, considering
that it will take two or more decades before safe and
effective HPV vaccines are introduced on a large scale
into immunization programmes, prevention by other
means (use of barrier contraceptives, safe sexual be-
haviour) and early detection by efficient screening pro-
grammes, should not be neglected.

Concerning screening, preliminary results suggest
that HPV testing may be of great use in predicting high-
grade CIN whenever the cytology fails.®

A few trials to assess the value of HPV typing as
an adjuvant to cytology inthe triage of borderline and
low-grade CIN lesions, are in progress in the US and
Europe.
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