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The evidence relating human papillomavirus (HPV)
infections to cervical cancer includes a large and
consistent body of studies indicating a strong and
specific role of the viral infection in all countries
where investigations have taken place. The asso-
ciation has been recognized as causal in nature by
a number of international review parties since the
early 90’s

1-3
.

Nucleic Acid Amplification Techniques (NAT) re-
gularly identifies HPV DNA in 90%-95% of the
cervical cancer specimens both squamous cell and
adenocarcinomas. Detailed investigations of the
few cervical cancer specimens that appear as
HPV DNA negatives in every series has been con-
ducted and the results strongly suggest that these
are largely false negatives. The reasons of non-de-
tection are attributable to: a) poor quality of the spe-
cimen, poor preservation  or absence of cancer tis-
sue; b) HPV DNA integration into cellular DNA with
increased target fragmentation, and c) NAT techno-
logy, notably length and target sequences of the ß glo-
bin probes and of the HPV type specific probes

4, 5
.

HPV TYPES 

Of the more than 35 HPV types found in the geni-
tal tract, some 10 (HPV types 16, 18, 31, 33,
35, 45, 51, 52, 58 and 59) have been adequately
evaluated as high risk types in relation to invasi-
ve cervical cancer. For all of them, risk estima-
tes were greater than 30 (range: 35-350)
strongly suggesting that these associations are
causal in nature

6
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HPV 16 accounts for some 50% to 60% of the
cervical cancer cases in most countries, followed
by HPV 18 (10%-12%) and HPV 31 and 45 (4%-
5% each). Cervical adenocarcinomas showed a
slightly different distribution and the most com-
mon types are HPV 16  (some 45%), HPV 18 (so-
me 40%) and HPV 45 and 59 (4%-5% each). 
In series of women without cervical lesions (co-
rresponding to controls in most case control stu-
dies or ad-hoc HPV prevalence surveys from  the
general population) the HPV type specific distri-

bution embraces a much larger series of viral ty-
pes. HPV 16 remains again the most common type
(some 20%) followed by HPV 18 (some 10%),
HPV 45 (some 8%), HPV 59 (some 2%) and sma-
ller proportions of some 30 additional HPV types.
Many of these rare types are occasionally found
in controls and still convey a high risk for cervi-
cal cancer
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It is of interest to notice that the geographical
variation in type distribution has not been fully
documented. Some recent studies from areas
where little work has been done in the past sug-
gest that some additional variability could be ex-
pected. For example, high rates of HPV 35 and 58
in the general population in Mozambique is now
being reported

8
. New technical developments are

also describing high frequencies of multiple HPV
infections that were most probably undetected by
previous testing systems (J. Kornegay special
contribution, personal communication).

Finally, studies on HPV variants (variation within
HPV types affecting down to one nucleotide of the
viral genome) are beginning to unveil that the risk
of some HPV 16 variants (non-european like) may
differ from that of the HPV 16 European prototy-
pe

9, 10
. The geographical distribution of HPV va-

riants is still being described and its relevance
for HPV testing and for vaccine developments is
still uncertain.

COHORT STUDIES

Cohort studies have consistently shown that HPV
infections precede by some 10-15 years the de-
velopment of cervical cancer. In addition to HPV
DNA detection, additional markers of neoplastic
progression includes HPV type, estimates of the
viral load, persistency of  the viral detection (as
determined by repeated sampling), viral integra-
tion and possibly the presence of other environ-
mental factors. The role of host factors in the fi-
nal prognosis of HPV infections is less well
characterized. Most importantly, close follow up
of cohorts of women investigated as to their HPV
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status have established that: a) the presence of
HPV DNA is necessary for the development and
persistency of  cervical neoplasm, and b) that di-
sappearance of the viral DNA predicts regression
of the neoplastic cells

11-15
even at a stage of high

grade squamous intraepithelial lesions (HGSIL)
(Meijer et al 2001, personal communication). The
identification of the subset of HGSIL that are
scheduled to spontaneous regression may prove to
be of substantial importance in the evaluation of
screening methods and tests. Additional markers
may be developed that provide information on
morphologically identical lesions with opposite
prognosis. To this respect, viral load, viral inte-
gration or markers of viral and cellular genetic
interaction may prove to be of value.
Understanding of the time intervals of transient
infections is likely to be of critical importance to
define how best to use HPV testing in screening
programs. From various sources it has been esti-
mated that the mean duration of transient infec-
tions for most high risk viral types seems to fo-
llow a normal distribution with averages is in the
order of 8 months and that HPV16 may perhaps
double this interval. This seems to be consistent
in both high risk and low risk countries

12, 13,16
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Cohort studies are also indicating that infection
with one HPV type does not confer protection
against novel infections with philogenetically re-
lated HPV types or with other HPV types

17, 18
.

CASE CONTROL STUDIES

The International Agency for Research Cancer
(IARC) research program on HPV organized a series
of case control studies in different countries,
mostly in areas at high risk for invasive cervical
cancer. To date, this represents the largest data
set on invasive cancer in high-risk countries and a
major source of reference data.
Preliminary results on the pooled analyses of stu-
dies in nine countries, including some 2,288 inva-
sive squamous cell carcinomas, 141 adenocarci-
nomas and 2,513 matched controls were
presented at the 18

th
International Papillomavirus

Conference
19
. The adjusted Odds Ratios (the factor

by which the risk of cervical cancer of a given
woman is multiplied if HPV DNA is detected) for
HPV DNA detection was OR= 83.3 (95%CI: 54.9-
105.3). Type specific risk estimates were as fo-
llows: HPV 16, OR=182; HPV 18,OR=231; HPV 45,
OR= 148; HPV 31, OR= 71.5; HPV 33, OR= 77.6;
HPV 35, OR = 34.8; HPV 51, OR = 42.7; HPV 52,
OR = 145.7; HPV 58, OR = 78.9; HPV 59, OR =
347.3. The estimates of the attributable fraction
(AF%) (the proportion of disease that is related
to HPV DNA) in most studies range from 90% to

98%.
The magnitude and the consistency of these esti-
mates indicate that the association is one of the
strongest identified for any human cancer making
the case for claiming a necessary cause of the di-
sease (i.e. that HPV negative cervical cancer cases
are extremely rare)

5
.

HPV AND PRE INVASIVE CERVICAL NEOPLASM

In developed countries and in areas where scree-
ning programs are operational, invasive cervical
cancer is a relatively rare disease and most diag-
nosis are achieved at earlier stages (i.e. carcino-
ma in situ, HGSIL or cervical intraepithelial neo-
plasia III-CIN III). Several studies in both
developed and developing countries have also
shown that HPV is related to these precursor le-
sions with the same strength (as measured by the
magnitude of the OR) than the more advanced 
invasive cancers

20-26
. As the HPV detection methods

developed, the prevalence of HPV DNA in low and
high grade squamous intraepithelial lesions
(LGSIL/HGSIL) increased steadily to levels of 80%-
90%. In fact, the very high prevalence observed in
recent studies promoted the notion that HPV testing
would not be suitable for triage of LGSIL (atypical
squamous cells of undetermined significance /low-
grade squamous intraepithelial lesions triage study-
ALTS study group). A substantial part of the varia-
bility observed across studies is related to
variability in the definition of the pre neoplastic le-
sions rather than variability in HPV testing.

OTHER RISK FACTORS FOR CERVICAL DYSPLASIA
AND CERVICAL CANCER 

Before HPV was investigated, epidemiological
studies identified a series of factors as being mo-
re prevalent in cases of cervical cancer than in
their control groups. This was the case for diffe-
rent sexual and reproductive behavioral traits,
use of oral contraceptives (OC), smoking or his-
tory of venereal infections, typically herpes vi-
rus type 2. The OR observed for such associations
were in the range 1 to 3 and the results were in-
consistent across studies. Having unveiled the
very strong associations with HPV, all these pu-
tative additional factors require reevaluation. 
Most investigators have attempted such reevalua-
tion by restricting the comparison of the relevant
exposures in cases of cervical cancer, most of
which were shown to be HPV-positive, with their
HPV-positive controls (women in the same age
groups from the same underlying population, with
HPV infection but without cancer). Preliminary re-
sults of the case control studies 
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included in the IARC program were reported at the 
18

th
International Papillomavirus Conference. Long

term use of OC was identified as an environmental
risk factor for HPV infected women. According to
these results, users of OC for 5+ years and HPV
DNA positive are at a 4-fold increased risk that
equally HPV exposed women without OC exposure.
The results are equally valid for cervical adeno-
carcinoma

19
. Other factors that probably play a ro-

le are exposure to HIV infections and advanced  im-
munosupression

27
, therapeutic immunosupression

post transplant, exposure to Chlamydia trachoma-
tis

28
and  smoking.
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