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Cervical cancer is the most common cancer
among women in many areas of India which
contributes for a fifth of the global burden of
disease. Persistent infection with one of the
high-risk human papillomaviruses (HPV) has
been established as the cause for cervical can-
cer and the documentation of the prevalence of
HPV types in cervical cancer in different regions
of India is useful for a prevention program
combining both screening and vaccination. In
this study, the HPV type distribution and the
frequency of p16INK4a immunoexpression have
been determined in 125 cases of inflammatory
lesions or grade 1 cervical intraepithelial
neoplasia, 74 cases of grade 2, 72 cases of
grade 3, and 113 cervical cancer cases diag-
nosed among women from rural Solapur and
Osmanabad districts, Maharashtra. The overall
prevalence of high-risk HPV was 37.6% in in-
flammatory lesions or grade 1 cervical intraepi-
thelial neoplasia, 63.5% in grade 2, 97.2% in
grade 3 and 92% in cervical cancer cases. HPV
16 and HPV 18 were detected in 80.6% of grade
3 cervical intraepithelial neoplasia and 86.5% of
cervical cancer cases. 94.7% of the cervical can-
cer and 84.4% of the high grade lesions with a
strong and full thickness staining for p16INK4a

were positive for HPV infection; p16INK4a immu-
noexpression increased with worsening grade
of cervical intraepithelial neoplasia. The HPV
genotyping data showing a high HPV 16 and 18
prevalence in cancer specimens indicate that
prophylactic HPV 16/18 vaccination would have
a significant impact on the prevention of cer-
vical cancer in India. J. Med. Virol. 84:1054–
1060, 2012. � 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Cervical cancer is the second most common cancer
in women in the world accounting for an estimated
530,000 new cases and 275,000 deaths around 2008
globally; a fifth of the global burden of disease is expe-
rienced in India which remarkably lacks cervical
screening program and wide spread practice of screen-
ing, currently the most effective and feasible strategy
for prevention [Ferlay et al., 2010; Sankaranar-
ayanan, 2012]. Despite the fact that cervix cancer is
the most preventable of all cancers both by primary
prevention and by early detection of its precursor
lesions, namely high-grade cervical intraepithelial
neoplasia (CIN 2–3), it is the most common cancer
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among women in rural areas of India [National
Cancer Registry Program of India, 2011].

Persistent infection with one of the mucosal high-
risk (HR) human papillomavirus (HPV) types is the
necessary cause of invasive cervical cancer and its
precursor lesions, and they are detectable in approxi-
mately more than 90% of cervical cancer specimens
and in more than 60% of precursor lesion tissues
[IARC, 2007; Smith et al., 2007; Li et al., 2011;
Walboomers et al., 1999]. The HR HPV 16 and HPV
18 are the most carcinogenic types, and are responsi-
ble for approximately 50% and 20%, respectively, of
cervical cancers worldwide. In addition to HPV 16
and HPV 18, additional HPV types appear to be
involved in cervical carcinogenesis. In a recent evalu-
ation, the International Agency for Research on Can-
cer (IARC) has concluded that there is sufficient
evidence for the classification of HPV 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, and 66 as human carcinogens
[Cogliano et al., 2005; IARC, 2007; Schiffman et al.,
2009].

In the last two decades, many studies have contrib-
uted to the development of a HPV prophylactic vac-
cine, which is based on virus-like particles (VLPs)
assembled from recombinant main capsid protein L1
produced in eukaryotic systems. Two prophylactic
HPV vaccines are commercially available so far,
Gardasil and Cervarix, which differ in their composi-
tion. In fact, HPV 16 and HPV 18 VLPs are included
in both vaccines, while Gardasil also contains VLPs
from the low-risk HPV 6 and 11 [Villa et al., 2006;
Einstein et al., 2009; Romanowski et al., 2009; Lu
et al., 2011]. Several clinical trials have evaluated the
safety and effectiveness of this vaccine, which showed
high efficacy in preventing the development of cervi-
cal pre-malignant lesions caused by the vaccine
included HPV types, inducing a robust response in
immunized individuals and providing protection for at
least 5 years [Villa et al., 2006; Einstein et al., 2009;
Romanowski et al., 2009; Lu et al., 2011]. In addition,
there is evidence that a certain level of cross-protec-
tion against non-vaccine HR HPV types is conferred
by the two HPV vaccines [Lu et al., 2011]. Based on
the initial data, it is expected that the implementation
of the HPV 16/18 vaccine will have a profound impact
on cervical cancer incidence, although it could vary
among the different geographical areas. Indeed, epide-
miological studies showed that the proportion of cervi-
cal cancer associated with specific HPV types can
differ according to geographical areas. For instance,
HPV 16 prevalence in cervical cancer ranges from
52% in Africa to 67% in Western/Central Asia, where-
as HPV 18 was found in 14% and 20% of cervical
cancers in Eastern Asia and in Africa, respectively [Li
et al., 2011].

Despite the heaviest burden of cervical cancer in
India, only limited data are available in this region on
HPV prevalence in women with cervical neoplasia
[Sankaranarayanan et al., 2008]. Different percen-
tages of HPV 16-positive cancers were reported in

various studies, ranking from 53.6% in Bangalore
(South India) to 65.2% in Delhi (North India) [Basu
et al., 2009]. HPV16 was detected in 81.7% of cervical
cancers in women of a rural area from central India
(Wardha, Sevagram) [Gheit et al., 2009], using a
highly sensitive and specific HPV typing method.
However, whether this high HPV 16 prevalence is a
feature of Central India or is also present in other
Indian regions remains to be proven. In the present
study, the prevalence of HPV infections was deter-
mined in cervical lesions from women from rural
areas of Solapur district, Maharashtra state, Western
India, using the same high-sensitive HPV typing
method. In addition, the p16INK4a levels were evaluat-
ed as a surrogate marker of high-risk HPV infections,
which could also be used as a complementary strategy
to the current screening methods.

MATERIALS AND METHODS

Specimen Collection

Ten percent buffered formalin fixed paraffin blocks
of biopsy specimens from 470 women with a histologi-
cal diagnosis of inflammation and chronic cervicitis
(n ¼ 68), squamous metaplasia (n ¼ 2), grade 1 cervi-
cal intraepithelial neoplasia (CIN1, n ¼ 63), grade 2
cervical intraepithelial neoplasia (CIN 2, n ¼ 79),
grade 3 cervical intraepithelial neoplasia (CIN 3,
n ¼ 75) and cervical cancers (squamous cell carcino-
ma n ¼ 171 and adenocarcinoma n ¼ 12) were
obtained from Nargis Dutt Memorial Cancer Hospital,
Barshi, Maharashtra state, Western India. These
women were participants in screening studies in
Solapur and Osmanabad districts in Maharashtra,
Western India, addressing the accuracy of Pap smear,
visual inspection with acetic acid (VIA) and visual in-
spection with Lugol’s iodine (VILI) in detecting cervi-
cal neoplasia. The screening studies in these districts
were reviewed and approved by the institutional
review and ethics committees of the Tata Memorial
Centre, Mumbai, India, and the International Agency
for Research on Cancer of the World Health Organiza-
tion (WHO-IARC), Lyon, France. All subjects have
signed informed consent. The formalin fixed biopsy
specimens obtained from these women were embedded
in paraffin within 24 hr to ensure long-term preser-
vation. The biopsy specimens were processed and
stained with hematoxylin–eosin for histopathology in
the pathology laboratory at the Nargis Dutt Memorial
Cancer Hospital, and histological diagnosis of the
specimens was reported by a panel of pathologists at
the Nargis Dutt Memorial Cancer Hospital and the
Tata Memorial Centre during 2005–2007.

Immunohistochemistry for p16INK4a

Immunohistochemistry was performed according to
the protocol provided with the CINtec Histology
p16INK4a Kit (9511, mtmlabs) for the qualitative detec-
tion of the p16INK4a antigen on slides prepared from
formalin-fixed, paraffin-embedded cervical biopsies.
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The kit contains a collection of ready-to-use reagents
optimized for immunohistochemical staining of
p16INK4a. Briefly, slides were deparaffinized and then
rehydrated before the staining procedure can be per-
formed. For the antigen retrieval process, slides were
placed in a preheated Epitope Retrieval Solution pH 9
(95–998C) and maintained at this temperature for
10 min followed by a 20 min cool-down period at room
temperature. After a brief rinse in distilled water,
slides were immersed in Wash Buffer in preparation
for immunostaining. Specimens were blocked with a
peroxidase-blocking reagent for 5 min, followed by
30 min incubation with p16INK4a antibody (Mouse
anti-human). Slides were then incubated for 30 min
with the visualization reagent followed by 5 min incu-
bation with DAB. Slides were subsequently counter-
stained with hematoxylin, dehydrated, mounted with
permanent mounting medium, and coverslipped. All
steps, with the exception of the epitope retrieval, were
performed at room temperature. Immunoreactivity
was visualized by light microscopy.

The staining pattern for p16INK4a was graded in
each lesion as follows: 1 for a negative staining, no
basal p16INK4a staining; 2 for a weak or/and rare basal
p16INK4a staining; 3 for a diffuse and moderately posi-
tive with only part of the cervix epithelial stained;
and 4 for a strong and full thickness staining of
p16INK4a in the cervix epithelium.

Preparation of the Paraffin Sections
and DNA Extraction

All paraffin blocks were processed at IARC, Lyon.
Three sections of 10 mm were cut from each paraffin
block. The blades have been frequently changed and
the microtome extensively washed with DNA away
(Dutscher, Brumath) to prevent the risk of cross-
contamination between different specimens during
the cutting. In addition, empty paraffin blocks have
been cut every ten cancer specimens and blindly
analyzed to monitor possible cross-contamination. No
contamination was detected throughout the study.

DNA was prepared by incubating the paraffin tissue
sections in digestion buffer (10 mM Tris/HCl pH 7.4,
proteinase K 0.5 mg/ml and Tween 20 0.4%) overnight
at 378C. Samples were incubated for 10 min at 958C,
centrifuged rapidly for 2 min at 15700g in a bench
centrifuge, and chilled on ice, to inactivate the pro-
teinase K and to remove the paraffin. Finally, the
aqueous phase was transferred to a new tube.

HPV DNA Typing

HPV typing was performed by the multiplex E7
PCR/APEX assay [Gheit et al., 2006]. The assay
detects the DNA of 19 different alpha mucosal HPV
types, that is, 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, 68, 70, 73, and 82. Two primers for the
amplification of b-globin were added to provide a posi-
tive control for the quality of the template DNA [Saiki
et al., 1988].

Validation studies have been performed, in which
the multiplex E7 PCR/APEX assay has been compared
with several available HPV genotyping tests, includ-
ing Linear Array and GP5þ/6þ reverse line blot assay
[Gheit et al., 2009; Eklund et al., 2010] and unpub-
lished data.

Statistical Analysis

A valid result was defined as any sample with a
positive b-globin result and only samples with a valid
HPV typing result were included in the final analysis.
The overall and type-specific prevalence of HPV posi-
tivity and the p16INK4a staining pattern was calculat-
ed for each grade of cervical lesion. The eight cases of
adenocarcinoma were grouped with the squamous cell
carcinoma for reporting the frequencies of HPV posi-
tivity and the p16INK4a staining pattern for invasive
cervical cancer.

RESULTS

Out of a total of 470 cervical intraepithelial neopla-
sia and cervical cancer paraffin blocks, 86 samples
were excluded from the study since they had poor
quality/fragmented DNA and were found to be
b-globin negative. The relative high percentage of
inadequate specimens (approximately 20%) was most
likely due to procedure followed for tissue fixation.

In the remaining 384 b-globin positive specimens,
125 were grade 1 cervical intraepithelial neoplasia
or inflammatory lesions (<CIN 2; mean age ¼ 36.8
years), 74 were grade 2 (mean age ¼ 37.3 years), 72
were grade 3 (mean age ¼ 37.7 years) and 113 were
cervical cancers (squamous cell carcinoma n ¼ 105
and adenocarcinoma n ¼ 8, mean age ¼ 42.3 years).
Overall, HPV-positivity gradually increased with the
severity of the cervical disease, from 37.6% in grade 1
cervical intraepithelial neoplasia or inflammatory
lesions (47/125); to 63.5% in grade 2 (47/74) to 97.2%
in grade 3 (70/72) and 92.0% in cervical cancer speci-
mens (104/113) (Table I).

HPV 16 was the predominant type present in all
cervical lesions, from 32.8% in grade 1 cervical intra-
epithelial neoplasia or inflammatory lesions (41/125)
to 54.1% in grade 2 (40/74), 76.4% in grade 3 (55/72),
and 76.1% in cervical cancer (86/113). The second
most common type in cervical cancer specimens was
HPV 18, followed by HPV 58 and 59. Conversely,
HPV 33 was the second most common type observed
in cervical intraepithelial neoplasia or inflammatory
lesions. The rank of other types differed according to
the grade of the lesion. The percentage of cases with
HPV 16 or 18, alone or in co-infection with other
types was 33.6% in grade 1 cervical intraepithelial
neoplasia or inflammatory lesions, 55.4% in grade 2,
77.8% in grade 3, and 80.5% in cervical cancer
(Table I). In grade 3 cervical intraepithelial neoplasia,
and cervical cancer, the fraction of HPV 16/18 was
substantially similar across different age groups (data
not shown).
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Table II displays the p16INK4a staining intensity
across different categories of disease severity and
HPV status. A clear gradient was observed across cat-
egories of cervical diseases, with a predominance of
low levels of staining in women with grade 1 cervical
intraepithelial neoplasia or inflammatory lesions, and
a predominance of high levels of staining in women
with grade 3 and cervical cancer. A strong and full
thickness staining of p16INK4a in the cervix epithelium
was observed in 8.8% of grade 1 cervical intraepithe-
lial neoplasia or inflammatory lesions (11/125) and

70.3% of the grades 2 and 3 (102/145), whereas a neg-
ative staining was observed in 51.2% (64/125) of the
low grade lesions and in 12.4% (18/145) of the high
grade lesions.

Independently of the histopathological status,
56.6% (64/113) of the HPV negative samples were also
negative for p16INK4a staining, whereas 27.4%
(31/113) showed a rare basal p16INK4a staining, 9.7%
(11/113) a diffuse and moderately positive staining,
and 7% (8/113) of these samples showed a strong and
full thickness staining. A strong and full thickness

TABLE I. Distribution of HPV Genotypes in Different Grades of Cervical Intraepithelial Neoplasia (CIN) and Cervical
Cancer (n ¼ 384)

<CIN2 CIN2 CIN3 Cancer

Single Total (%) Single Total (%) Single Total (%) Single Total (%)

All 41 125 41 74 56 72 84 113
Age (years)
<35 17 46 (36.8) 17 27 (36.5) 17 22 (30.6) 8 12 (10.6)
35–39 16 39 (31.2) 14 24 (32.4) 21 26 (36.1) 22 26 (23.0)
40–44 8 25 (20.0) 2 8 (10.8) 9 13 (18.1) 19 29 (25.7)
�45 0 15 (12.0) 8 15 (20.3) 9 11 (15.3) 35 46 (40.7)

Total HPVþ 41 47 (37.6) 41 47 (63.5) 56 70 (97.2) 84 104 (92.0)
HPV– — 78 (62.4) — 27 (36.5) — 2 (2.8) — 9 (8.0)
HPV type
16 36 41 (32.8) 35 40 (54.1) 42 55 (76.4) 69 86 (76.1)
18 0 3 (2.4) 0 1 (1.4) 1 3 (4.2) 3 12 (10.6)
26 0 0 0 0 0 0 1 1 (0.9)
31 0 1 (0.8) 1 1 (1.4) 1 2 (2.8) 2 2 (1.8)
33 4 7 (5.6) 1 5 (6.8) 3 10 (13.9) 1 3 (2.7)
35 0 0 0 0 1 2 (2.8) 0 1 (0.9)
39 0 0 0 0 0 0 0 1 (0.9)
45 0 0 0 1 (1.4) 2 3 (4.2) 1 3 (2.7)
52 1 1 (0.8) 1 3 (4.1) 1 2 (2.8) 0 2 (1.8)
53 0 0 0 0 0 0 1 1 (0.9)
56 0 0 1 1 (1.4) 0 0 0 2 (1.8)
58 0 0 1 1 (1.4) 2 4 (5.6) 2 5 (4.4)
59 0 0 0 0 0 1 (1.4) 1 4 (3.5)
68 0 1 (0.8) 1 1 (1.4) 0 0 2 2 (1.8)
70 0 0 0 1 (1.4) 0 0 0 0
73 0 0 0 0 0 0 1 1 (0.9)
82 0 0 0 0 3 4 (5.6) 0 1 (0.9)
16 or 18 — 42 (33.6) — 41 (55.4) — 56 (77.8) — 91 (80.5)
16 or 18 alone 36 40 (32.0) 35 41 (55.4) 43 54 (75.0) 72 84 (74.3)

TABLE II. Frequency of p16 Immunostaining Patterns in Cervical Neoplasia

Diagnosis HPV status

P16 staininga

Total1, n (%) 2, n (%) 3, n (%) 4, n (%)

<CIN2 (n ¼ 125) HPV negative 49 (63) 19 (24) 8 (10) 2 (3) 78 (100)
HPV positive 15 (32) 20 (43) 3 (6) 9 (19) 47 (100)

CIN2 (n ¼ 73) HPV negative 10 (37) 12 (45) 3 (11) 2 (7) 27 (100)
HPV positive 8 (17) 6 (13) 1 (2) 31 (68) 46 (100)

CIN3 (n ¼ 72) HPV negative 0 0 0 2 (100) 2 (100)
HPV positive 0 2 (3) 1 (1) 67 (96) 70 (100)

Cancer (n ¼ 25) HPV negative 5 (83) 0 0 1 (17) 6 (100)
HPV positive 1 (5) 0 0 18 (95) 19 (100)

Total 88 (30) 59 (20) 16 (5) 132 (45) 295 (100)

HPV positive ¼ HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68.�Percentages of P16 staining are given in parenthesis.
aThe staining pattern for p16INK4a was graded 1–4 in each lesion as described in Materials and Methods.
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staining of p16INK4a was found in 68.6% (125/182) of
the HPV positive samples. 2.7% of these samples
(5/182) showed a diffuse and moderately positive
staining, 15.3% (28/182) a rare basal p16INK4a stain-
ing, and a negative staining was observed for 13.1%
(24/182) of the samples. As expected, 94.7% of the
cervical cancers (18/19) and 84.4% of the high grade
lesions (98/116) with a strong and full thickness stain-
ing for p16INK4a were positive for HPV. Independently
of the HPV type, p16INK4a levels were similarly up-
regulated in cervical lesions (data not shown).

DISCUSSION

Studies from India indicate a high prevalence of
HPV 16 and 18 in cervical cancer specimens as com-
pared to the rest of the world. In 2009, a very high
prevalence of HPV 16 has been reported in cervical
cancers of women from Wardha, a rural area from
central India [Gheit et al., 2009] in comparison to
other geographical areas. HPV 16 was the predomi-
nant type present in 81.7% of the cases. So far, few
studies reported such a high prevalence of HPV 16 in
cervical cancer. Bhatla et al. [2008] performed a meta-
analysis of several Indian studies from different
regions and reported that HPV 16 was associated
with 64.8% of invasive cervical cancers. In a study in-
volving 119 cases of cervical cancer from South and
East India, Peedicayil et al. [2006] reported HPV
16/18 positivity in 75% of cases. Basu et al. [2009]
reported that the HPV 16 and 18 prevalence in cervi-
cal cancer, either alone or combined, in four cities,
that is, Kolkota (Eastern India), Delhi (North), Nag-
pur (Central), and Bangalore (South), accounted for
76.1%, 78.3%, 77.3%, and 73.9% of cervical cancers,
respectively. Pillai et al. [2010] based on a multicen-
tric study in India involving 667 cervical cancer
patients reported that HPV 16/18-positive fraction
formed 79.6% of the cancer cases. In a recent study
involving 108 cervical cancer specimens in the neigh-
boring Sri Lanka, HPV types 16 and 18 accounted
83.4% of cases [Samarawickrema et al., 2011]. Recent-
ly, a meta-analysis performed by Li et al. [2011] of the
HPV distribution in 30,848 invasive cervical cancers
worldwide reported that the prevalence of HPV 16 in
Western/Central Asia was 67%, which was the highest
prevalence compared to the other regions of the
world.

In the present study, using a highly specific and
sensitive HPV typing method [Gheit et al., 2006], a
HPV DNA testing was performed on samples collected
in Solapur district, a rural area of Central India
(State of Maharashtra), from women with different
cervical lesions grades and cervical cancers.

The overall prevalence of any HPV types in cervical
cancers was 92% in the current study versus 93.3%
for a previous study performed in Wardha [Gheit
et al., 2009], which is consistent with the worldwide
HPV prevalence in cervical cancers, ranking from
86% to 94% [Smith et al., 2007]. Overall, the most

common type in single and multiple infections was
HPV 16, which by far prevailed in all categories of
cervical diseases, including grade 1 cervical intraepi-
thelial neoplasia or inflammatory lesions (32.8%),
grade 2 cervical intraepithelial neoplasia (54.1%),
grade 3 (76.4%), and cervical cancers (76.1%). HPV 18
was the second most common type in cancer, and
HPV 33 the second most common type in all precursor
lesions. HPV types other than HPV 16, including
HPV 18, were rarely found in single infections. How-
ever, it is important to underline that in our study the
HPV prevalence in cervical cancer may have been
underestimated due to the exclusion of specimens
that tested beta globin negative (n ¼ 86), of which 70
were cervical cancer.

The fraction of HPV 16/18 positive in women with
cervical cancer and precursor lesions can be useful
to estimate the benefits of HPV 16/18 prophylactic
vaccines for the primary prevention of cervical neopla-
sia. In our study, the combined prevalence of oncogen-
ic types HPV 16 and 18 increased, as expected, with
the increasing severity of the cervical lesions, with
more than 80% of women with invasive cervical
cancer, whereas this fraction was found to account for
35.2% of the low grade lesions. This phenomenon has
been well documented in other studies [Zerbini et al.,
2001; Bhatla et al., 2006, 2008; Sandri et al., 2009].

These findings are in agreement with previous
observations showing that, in general, the proportion
of cervical cancer associated with HPV 16/18 is higher
in Western/Central Asia (82%) compared to other
regions of the world (range: 70–76%), including East-
ern Asia (68%) [Li et al., 2011]).

The present study provides novel evidence that,
similarly to cervical cancer, HPV 16/18 prevalence is
consistently higher in Indian women, compared to
women from elsewhere in the world, throughout all
grades of cervical diseases. HPV 16/18 prevalence was
actually higher in our study than in a meta-analysis
of studies carried out in Europe and the Americas for
grade 2 cervical intraepithelial neoplasia (55.4% vs.
48.2%) and grade 3 (77.8% vs. 61.5%) [Clifford et al.,
2006]. These differences may partly be explained by
the use in our study of a highly sensitive HPV geno-
typing method [Gheit et al., 2006; Schmitt et al.,
2010]).

p16INK4a, a cyclin dependent kinase-4 inhibitor
expressed in a limited range of normal tissues and
tumours has emerged as a valuable surrogate marker
for high-risk HPV infection. As a biomarker of cellular
transformation in cervical intraepithelial neoplasias,
it is known to be accumulated in cells expressing the
viral E7 oncoprotein [Dallenlenbach-Hellweg et al.,
2004; O’Neill and McCluggage, 2006; Wentzensen and
von Knebel Doeberitz, 2007]. This biomarker is used
increasingly in several laboratories to improve the de-
tection of high-grade cervical intraepithelial neoplasia
and as a complement to current screening methods
[Wentzensen et al., 2007; Bergeron et al., 2010].
The high level of inter-observer variability and a
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substantial number of false positive and false negative
results associated with histopathologic interpretation
of cervical intraepithelial neoplasia can be reduced by
concomitant interpretation of p16INK4a staining.
p16INK4a staining was used to evaluate if increased
immunoexpression of this marker is observed with
worsening grades of cervical intraepithelial neoplasia
and invasive cancer in our study. In agreement with
previous results from a recent meta-analysis [Tsoum-
pou et al., 2009], a correlation between the p16INK4a

staining and the different grades of cervical intraepi-
thelial neoplasia was observed. A strong and full
thickness p16INK4a staining was observed only in 8.8%
of the grade 1 cervical intraepithelial neoplasia or in-
flammatory lesions, compared to 45.2% of grade 2,
and to 95.8% of grade 3, whereas 51.2% of the low
grade lesions (64/125) and 12.4% of the high grade
cervical intraepithelial neoplasia (18/145) showed a
negative p16INK4a staining, suggesting that p16INK4a

staining alone may not be a good biomarker for high
grade lesions which highlights the need to combine
histopathology with the HPV DNA testing and/or the
p16INK4a staining in order to decrease the rate of false
negative results. The multiplex E7 PCR/APEX assay
demonstrated 91.7% sensitivity for the prediction of
grade 3 cervical intraepithelial neoplasia or worse
(CIN3þ), whereas the sensitivity of p16INK4a staining
was 93.8%. When p16INK4a staining and HPV DNA
assay were considered together a slight increase in
sensitivity was observed at 94.6%. The combination of
multiplex E7 PCR/APEX assay and p16INK4a staining
showed approximately 60%, specificity for less than
grade 2 cervical intraepithelial neoplasia, while a
slightly lower specificity was observed for p16INK4a

staining alone (51%).
Only 25 cervical cancers, namely 19 squamous cell

carcinomas and 6 adenocarcinomas, have been stained
for p16INK4a. No p16INK4a signal was observed in five
adenocarcinoma and one squamous cell carcinoma.
These results may be explained by misclassification of
the cervical cancer. Indeed, it has been reported that
p16INK4a immunostaining may be used to differentiate
between cervical adenocarcinoma (diffusely positive)
and endometroid-type endometrial adenocarcinoma
(negative or focally positive) [O’Neill and McCluggage,
2006].

The HPV genotyping data from our study and other
studies in India, showing a high HPV 16 and 18 prev-
alence in cervical cancer specimens in the country,
strongly suggests that prophylactic HPV 16/18 vacci-
nation would significantly contribute in preventing
cervical cancer in India. It is rather unfortunate that,
in spite of substantial evidence that women in India
could benefit from prophylactic HPV vaccines, the am-
biguity and delays in quickly resolving the unfounded
fears and controversies in certain quarters in India
regarding its use, applications, efficacy and safety can
lead to substantial damage for advancing cervical can-
cer prevention efforts in India, which contributes the
major share of the global burden.
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