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High-grade squamous intraepithelial lesions of the cervix are heterogeneous in their invasive potential.
Comparison of human papillomavirus types between invasive cervical carcinoma and high-grade squamous
dysplasia may provide insight into this biological variability. Liquid-based Pap specimens from 55 high-grade
intraepithelial lesions and 47 invasive cervical carcinomas were analyzed by reverse line blot for 27 human
papillomavirus types designated high, intermediate, or low risk. Human papillomavirus DNA was present in all
high-grade intraepithelial lesions (23 different types) and in 94% (13 types) of invasive carcinomas. High-risk
types were present in 81% of invasive carcinomas compared to 58% of high-grade intraepithelial lesions. Severe
dysplasias harbored more (79%) high-risk human papillomaviruses as compared to moderate dysplasias (37%).
In 40% of high-grade dysplasia cases (59% of moderate dysplasias; 21% of severe) and 13% of invasive
carcinomas, intermediate-risk genotypes were identified in the absence of high-risk HPV types. Human
papillomavirus 16 was the most common type in all categories, including 47% of high-grade squamous
dysplasias (26% moderate; 68% severe) and 61% of invasive carcinomas. Both high-risk type (P¼ 0.0004) and
type 16 (P¼ 0.0007) human papillomaviruses were positively associated with increasing severity of diagnosis.
The heterogeneous nature of high-grade squamous dysplasias as compared to invasive carcinoma is evident
by the wider spectrum of associated human papillomavirus types. Likewise, moderate dysplasia appears to be
more heterogeneous in viral type than severe dysplasia. Moderate cases were more often associated with
intermediate-risk types, while high-risk types were more prevalent in severe dysplasias and invasive cancers.
Moderate dysplasia cases harboring viral types infrequently found in cancers may have a low risk for
progression. Human papillomavirus genotyping of high-grade squamous intraepithelial lesions may be
important in assessing risk for progression to invasion.
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While the close association between human papil-
lomavirus (HPV) infection and cervical neoplasia is

well established,1–10 there is a wide disparity
between the prevalence of infection and the occur-
rence of actual neoplasia. It is accepted that a small
minority of women who are infected with HPV will
develop high-grade intraepithelial lesions and still
fewer will develop fully evolved carcinoma. In a
recent study based in the US, 39% of women aged
between 18 and 40 years harbored at least one HPV
type, including 36% with a negative Pap smear.11 In
the same study, 0.4% carried a cytologic interpreta-
tion of high-grade squamous intraepithelial lesion
(HSIL). Thus, while HPV undeniably plays a role in
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the development of most cervical cancers,6,9,12,13 the
reasons for the disparity between the high rates of
HPV infection and prevalence of cervical neoplasia
are not fully understood.

This disparity is reflected in the traditional
pathology literature. In a meta-analysis of existing
reports studying the natural history of cervical
intraepithelial lesions, Östör14 estimated that severe
dysplasia (CIN III)—the acknowledged immediate
precursor lesion to invasive cervical carcinoma—
regresses 32% of the time, persists in 56% of cases,
and progresses to invasion in 12% of affected
women. Lesser grades of dysplasia show comparable
variability with greater rates of regression. The
possible reasons for this heterogeneity in biological
outcome include host factors such as genetic factors,
immune status, exposure to cocarcinogens, varia-
bility in host–viral interactions, and differences in
HPV type.

In this report, we address the question of hetero-
geneity of HPV type as a possible source of
biological variation2,15,16 in HSIL. This study com-
pares HPV types in cases of HSIL and invasive
cervical carcinoma using a highly sensitive poly-
merase chain reaction (PCR)-based reverse line-blot
method (Roche HPV consensus PCR and genotyping
test17,18) that simultaneously identifies one or more
of 27 HPV types. The advantage of this approach is
that only one amplification reaction is needed to
identify a wide variety of HPV types associated with
cervical disease. This gives a much more complete
assessment of the variety of HPV types present in a
clinical sample.

Materials and methods

Patient Samples

This study was approved by the Institutional Re-
view Board at the University of Oklahoma Health
Sciences Center. Patient samples were accumulated
in two ways. Firstly, ThinPreps Pap tests from OU
Medical Center Cytopathology service with cytolo-
gic interpretations of HSIL were identified after
sign-out. Prior to the date of regular discard of these
residual samples, they were sent to the Molecular
Pathology Laboratory for HPV testing by Hybrid
Capture II (Digene Corporation, Gaithersburg, MD,
USA) as part of our quality assurance monitoring
program for cytopathology interpretations.19 In
addition, residual HSIL samples were subjected to
HPV genotyping using the Roche reverse line-blot
method. A second source of specimens included
hysterectomy and conization specimens from wo-
men undergoing therapy for the diagnosis of HSIL or
invasive carcinoma. These were received fresh in
the Surgical Pathology Laboratory. The lesion was
scraped with a Cytobrushs (MedScand AB, Malmö,
Sweden, USA) which was immediately immersed in
PreservCyts (Cytyc Corp., Boxborough, MA, USA)

and vigorously agitated against the side of the vial in
order to dislodge cells. A ThinPreps Pap slide was
made from each PreservCyts sample and the
residual volume was then sent for Roche reverse
line-blot HPV studies. ThinPreps slides were
examined in order to confirm the presence of
diagnostic cells in each sample used for HPV
genotyping. All HPV testing was performed without
knowledge of cytologic or histologic interpretation.

Cytologic and Histologic Diagnosis

Cases were entered into the study on the basis of the
original sign-out interpretation of HSIL (moderate or
severe dysplasia) as part of the regular diagnostic
cytopathology service, or of the histologic diagnosis
of invasive cervical carcinoma. Owing to possible
interobserver variation in the interpretation of
cytologic specimens, ThinPreps slides from the
intraepithelial samples were masked and re-evalu-
ated independently by two pathologists (RM and
RZ) who were blinded to HPV type. Negative and
low-grade squamous intraepithelial (LSIL) cases
were also included to eliminate bias. The cytology
slides were categorized on the basis of the most
abnormal cell type identified according to the
Bethesda System.20,21 In our laboratory, HSIL is
characterized by dysplastic cells with dense,
round-oval cytoplasm and increased nuclear–cyto-
plasmic ratio. In general, the cytoplasmic character-
istics of HSIL are those of metaplastic cells, except
in keratinizing dysplasias in which the categoriza-
tion is based upon nuclear/cytoplasmic ratio. In
severe dysplasia (HSIL-S), the cell size is small
(comparable to parabasal cells) and the nuclear–
cytoplasmic ratio is exaggerated with the nucleus
occupying greater than half of the cytoplasmic
diameter. HSIL cells with larger amounts of dense
cytoplasm are categorized as moderate dysplasia
(HSIL-M). The cytologic categories were assigned
values from 1 to 5 as follows: 1¼Negative;
2¼ASCUS (atypical cell of undetermined signifi-
cance); 3¼Mild dysplasia (CIN I, LSIL);
4¼Moderate dysplasia (CIN II; HSIL-M); 5¼Severe
Severe dysplasia/carcinoma in situ (CIN III; HSIL-S).
When mixed SIL patterns were identified, the cases
were categorized by the most severe cell type
identified. The scores of the two independent
pathologists and the corresponding score of the
original clinical interpretation made by one of four
rotating diagnostic cytopathologists were summed
for each case to derive a final score that represented
a consensus diagnosis. Final scores of 3–4 were
considered to be negative; 5–7, atypical (ASCUS); 8–
10, mild dysplasia (LSIL); 11–13, moderate dys-
plasia (HSIL-M); and 14–15, severe dysplasia/carci-
noma in situ (HSIL-S). For the 55 HSIL patients, the
mean age was 34 years (median 32; range 16–78).
For the 27 HSIL-M patients, the mean age was 32
years (median 29; range 16–78) while the mean age
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for the 28 HSIL-S women was 35 years (median 34;
range 20–66).

The histologic diagnosis and cell type of each of
47 cases of invasive cervical carcinoma were
originally made by a pathologist on the OU Medical
Center diagnostic surgical pathology service, inde-
pendently verified (RZ) without knowledge of the
HPV type, and categorized according to the WHO
classification.22 There were 38 squamous cell carci-
nomas, four adenocarcinomas, three adenosqua-
mous carcinomas, and two poorly-differentiated
carcinomas. For the 47 carcinoma patients, the
mean age was 41 years (median 39; range 24–76).
The age distribution for women in the study is
shown in Figure 1.

HPV Genotyping

A total amount of 5 ml of residual PreservCyts was
aliquoted into individual 15 ml tubes and were
centrifuged at 2900 g for 5 min. The supernatant
was then removed and discarded and the cell pellet
was resuspended in 200ml of lysis buffer containing
20 ml protease (QiaAmp DNA Blood Mini Kit,
Qiagen, Valencia, CA, USA) and DNA was extracted
following the manufacturer’s instructions. For each
specimen, 10 ml of extracted DNA was subject to PCR
amplification using the HPV consensus PCR and
genotyping method (Roche Molecular Systems, Inc.,
Alameda, CA, USA), as indicated by the manufac-
turer. This method17,18 utilizes biotinylated primers
(PGMY09/PGMY11) that amplify a 450 bp fragment
of the L1 open-reading frame of a broad spectrum of
genital HPV genotypes. A control set of biotinylated
primers (BGH20/BPC04) simultaneously amplifies a
268 bp fragment of the human b-globin gene in each
reaction. Resulting PCR products were then dena-
tured and hybridized to separate HPV genotyping
strips containing an immobilized array of 27
different HPV probes. These probes were categor-
ized as high risk: 16, 18, 31, 45; intermediate risk:

33, 35, 39, 51, 52, 56, 58, 59, 68 (ME180), 73 (MM9,
P238A), 82 (MM4, W13B), 83 (MM7, P291); and low
risk: 6, 11, 26, 40, 42, 53, 54, 55, 57, 66, 84 (MM8,
P155). Hybridized PCR products were visualized by
using a streptavidin–horseradish peroxidase detec-
tion system. Each genotyping strip also contains
b-globin probes at two different concentrations to
control for interpretation of sample inhibition and
sufficiency. Samples displaying hybridization to
only the high concentration b-globin probe (indica-
tive of either PCR inhibition or extremely low cell
count) were discounted from final analysis. A
negative control was run with each batch of speci-
mens tested and was consistently negative.

Statistical Analyses

Statistical analyses were performed using the Systat
Version 10 (Systat Software Inc., Richmond, CA,
USA) and StatXact 5 (Cytel Software Inc., Cam-
bridge, MA, USA). Inferential statistics used for
tabular data included Fisher’s exact tests, Pearson
w2, odds ratios with 95% confidence intervals, and
Cochran–Armitage linear trend tests. All P-values
were two-sided. Statistical significance was ascribed
to P-valuesr0.05.

Results

The distribution of HPV types found in the 55 HSIL
and 47 invasive carcinoma cases is shown in Table
1. A comparison of the age to cytologic category is
shown in Figure 1. All of the 55 HSIL cases and 44 of
47 (94%) cancer cases contained detectable HPV
DNA. The pattern of HPV types identified in our
cases of invasive carcinoma is comparable to that
described worldwide.10,12,13 Overall, 23 different
HPV types were found in the 55 cases of HSIL
compared with 13 different types in the 47 invasive
carcinoma cases. Multiple HPV types were found
more frequently in individual HSIL (22/55; 40%)
than in invasive carcinoma (8/47; 17%) cases
(odds ratio (OR), 3.25, 95% confidence interval (CI);
1.3–8.3).

Overall, 38 (81%) of carcinomas harbored high-
risk viral types compared with 32 (58%) of HSIL
cases (OR, 3.04, 95% CI; 1.2–7.5). Categorization of
HSIL into HSIL-M and HSIL-S, revealed significant
differences in the occurrence of HPV types; 77% of
HSIL-S cases harbored HPV 16 compared with only
37% of HSIL-M (OR, 6.23, 95% CI; 1.9–20.6). High-
risk type (P¼ 0.0004) and HPV 16 (P¼ 0.0007) were
positively associated with increasing severity of
diagnosis when examined across the ordered diag-
nostic categories of HSIL-M, HSIL-S and invasive
carcinoma using the Cochran–Armitage trend test.
While there was no difference in the occurrence of
high-risk HPV between HSIL-S and invasive carci-
noma (OR, 1.15, 95% CI; 0.4–3.6), high-risk types
were significantly less frequent in our cases of HSIL-M
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Figure 1 Age distribution of cases with HSIL-M (moderate
dysplasia), HSIL-S (severe dysplasia) and invasive carcinoma
(CA).
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when compared with the combined category of
HSIL-S and invasive carcinoma (OR, 6.8, 95% CI;
2.6–17.8).

While high-risk viral types were found less
frequently in HSIL-M than HSIL-S and invasive
carcinoma, intermediate-risk HPV types were more
common in HSIL-M. These viral types were the
highest risk type in 59% of HSIL-M as compared
with 21% of HSIL-S and 13% of invasive cancers
(Table 2). These results demonstrate a negative
association between increasing diagnostic severity
and intermediate-risk HPV frequency (Cochran–
Armitage trend test, Po0.0001).

Although low-risk viral types were identified
in 13 of 55 (24%) HSIL cases and in three of
47 (6%) carcinomas (Table 1), there was only one
HSIL-M case (see below) in which a low-risk HPV
type (type 53) was present as the sole HPV type
(Table 2). Otherwise, low-risk types were identified
in this population only in cases with multiple
HPV infections in which higher risk viruses were
also present.

HPV 16 was the most frequent viral type in the
cancer cases (Tables 1 and 4), identified in 29 (62%)
cases. HPV 18 was identified in 10 cases (21%) of
which five were adenocarcinomas or adenosqua-
mous carcinomas. HPV 33 was identified in three
(6%) cases and HPV 45 in one (2%) case. Three
cancer cases (6%) were HPV negative using this
technique. In two squamous cell carcinoma cases,
both HPV 16 and HPV 18 were identified. Inter-
mediate-risk viruses were also identified in nine
cases. HPV 33, 35, and 83, listed here as inter-
mediate risk, were identified as single infections in
four (9%) cancer cases. In the remaining five cases,
the lesser risk viruses coexisted with high-risk
types.

For HSIL cases (Table 1), the most frequent viral
types were HPV 16 (47% of cases), HPV 35 (15%),
HPV 39, 51, and 52 (11% each) and HPV 56 and 59
(9% each). When HSIL was divided into HSIL-M
(Figure 2) and HSIL-S (Figure 3), differences in
the distribution of viruses within these cytologic

Table 1 Distribution of HPV types in HSIL and invasive cervical
carcinoma

HPV
category

HPV
type

High-grade SIL Carcinoma
n (%)a

HSIL-M HSIL-S Total HSIL
n (%)a n (%)a n (%)a

High risk 16 7 (26)b 19 (68)b 26 (47)b 29 (62)b

18 2 (7)b 2 (7)c 4 (7)b 10 (21)b

31 1 (4)c 2 (7)b 3 (5)b 0
45 1 (4)c 0 1 (2)c 1 (2)b

Intermediate
risk

33 1 (4)c 1 (4)b 2 (4 )b 3 (6)b

35 6 (22)b 2 (7)b 8 (15)b 1 (2)b

39 4 (15)b 2 (7)c 6 (11)b 0
51 5 (19)b 1 (4)c 6 (11)b 0
52 4 (15)b 2 (7)c 6 (11)b 0
56 2 (7)b 3 (11)c 5 (9)b 1 (2)c

58 1 (4)c 0 1 (2)c 0
59 4 (15)b 1 (4)c 5 (9)b 1 (2)c

68 0 1 (4)c 1 (2)c 0
73 0 1 (4)c 1 (2)c 1 (2)c

82 0 0 0 1 (2)c

83 1 (4)c 0 1 (2)c 2 (4)b

Low risk 6 1 (4)c 0 1 (2)c 0
11 0 0 0 0
26 0 1 (4)c 1 (2)c 0
40 0 0 0 0
42 0 1 (4)c 1 (2)c 0
43 0 0 0 0
53 2 (7)b 1 (4)c 3 (5)b 1 (2)c

54 0 1 (4)c 1 (2)c 1 (2)c

55 2 (7)c 1 (4)c 3 (5)c 2 (4)c

57 0 0 0 0
66 1 (4)c 3 (11)c 4 (7)c 0
84 0 1 (4)c 1 (2)c 0

Negative 0 0 0 3 (6)
Total types 45 46 91 54
Total cases 27 28 55 47

a
Since some cases contained more than one HPV type (Table 2), the

total number of types present is greater than the number of cases. As a
result, the columns do not add to 100%.
b
This type was present as the sole HPV identified in at least one case.

c
This type was identified only as one type in a multiple infection case

and may not be associated with the most significant lesion.

Table 2 Distribution of cervical lesions according to highest risk type

HPV category Diagnostic category Total n (%)

HSIL-M HSIL-S Total HSIL Carcinoma
n (%) n (%) n (%) n (%)

High riska 10 (37) 22 (79) 32 (58) 38 (81) 70 (69)
Intermediate riskb 16 (59) 6 (21) 22 (40) 6 (13) 28 (27)
Low riskc 1 (4) 0 1 (2) 0 1 (1)
Negative 0 0 0 3 (6) 3 (3)

Total cases 27 28 55 47 102

a
Includes HPV 16, 18, 31, and 45.

b
Includes HPV 33, 35, 39, 51, 52, 56, 58, 59, 68, 73, 82, and 83.

c
Includes HPV 6, 11, 26, 40, 42, 53, 54, 55, 57, 66, and 84.
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Figure 2 Cases of HSIL-M (moderate dysplasia) associated with a single HPV type (Papanicolaou stain, �600, original magnification): (a)
HPV 18 in a 19-year-old woman; (b) HPV 35 in a 26-year-old woman; (c) HPV 56 in a 33-year-old woman; (d) and (e) HPV 52 in a 39-year-
old woman.

Figure 3 Cases of HSIL-S (severe dysplasia) associated with a single HPV type (Papanicolaou stain, �600, original magnification):
(a) HPV 16 in a 32-year-old; (b) HPV 35 in a 38-year-old; (c) and (d) HPV 31 in a 35-year-old; (e) HPV 16 in a 32-year-old.
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categories emerged. While HPV 16 was again the
most frequent viral type for both categories, the
relative percentage of cases harboring HPV 16 varied
from 68% (19/27) for HSIL-S to 26% (7/28) for HSIL-
M (OR, 6.03, 95% CI; 1.9–19.4). The percentage of
cases of HSIL-S that harbored HPV 16 closely
resembled the pattern (62%, 29/47) for carcinomas
(OR, 1.31, 95% CI; 0.5–3.5). The pattern of distribu-
tion of HPV 16 in HSIL and invasive carcinoma is
further highlighted in Table 3. While 53% (25/47)
of cancers and 46% (13/28) of HSIL-S contained
HPV 16 as the only HPV type (OR, 1.31, 95% CI;
0.5–3.44), HSIL-M differed with only 15% (4/27)
showing only HPV 16 infection. When invasive
carcinoma and HSIL-S combined are compared to
HSIL-M, it is apparent that they have a greater
frequency of isolated HPV 16 infection (OR, 5.91,
95% CI; 1.9–18.4). This pattern was maintained

when cases that contained HPV16 as part of a mixed
infection were added to the analysis.

HPV 18 was relatively under-represented in HSIL
(7%; 4/55) in this series as compared to carcinomas
(21%; 10/47). However, half of the HPV 18 positive
carcinoma cases (Table 4) were either adenocarci-
nomas or adenosquamous carcinomas while no
intraepithelial glandular lesions were identified in
the HSIL cases.

The distribution of intermediate-risk types
(HPV 35, 39, 51, 52, and 59) varied from 15 to
22% (Table 1) for HSIL-M, compared with 4–7%
for HSIL-S. The relative distribution of inter-
mediate-risk viruses was less frequent in the
carcinomas (0–2%) as compared to HSIL-S cases.
HPV 53, listed here as low risk, was found as the
sole HPV type in only one HSIL case, that of an
HSIL-M lesion.

Table 3 Comparison of pattern of HPV types in HSIL and carcinoma

Pattern of HPV Types High-grade SIL Carcinoma
n (%)

HSIL-M HSIL-S Total HSIL
n (%) n (%) n (%)

Number of HPV types/case
No HPV 0 0 0 3 (6)
1 16 (59) 17 (61) 33 (60) 36 (77)
2 5 (19) 6 (21) 11 (20) 7 (15)
3 5 (19) 4 (14) 9 (17) 1 (2)
43 1 (3) 1 (4) 2 (4) 0

HPV risk categories/case
High-risk HPVa 10 (37) 22 (79) 32 (58) 38 (81)
Intermediate-risk HPVa 20 (74) 10 (36) 30 (55) 9 (19)
Low-risk HPVa 6 (22) 7 (25) 13 (24) 3 (6)
One high-risk type onlyb 5 (19) 15 (54) 20 (36) 36 (75)
HPV 16a 7 (26) 19 (68) 26 (47) 29 (62)
HPV 16 only 4 (15) 13 (46) 17 (31) 25 (53)
No high-risk typesa 17 (63) 6 (21) 23 (42) 9 (19)

Total cases 27 28 55 47

a
Cases may contain multiple HPV types.

b
Cases containing only one HPV type that is high risk.

Table 4 Distribution of HPV 16 in cervical lesions according to diagnostic category

Diagnosis HPV 16 onlya HPV 16 and other HPVc Total HPV 16+ HPV+ but not HPV 16d Total cases
n (%)b n (%) n (%) n (%)

HSIL-M 4 (15) 3 (11) 7 (26) 20 (74) 27
HSIL-S 13 (46) 6 (21) 19 (68) 9 (32) 28
All HSIL 17 (31) 9 (16) 26 (47) 29 (53) 55
Carcinomae 25 (53) 4 (9) 29 (62) 15 (32) 47f

a
HPV 16 present as single HPV type.

b
Percentages calculated across the rows.

c
HPV 16 present as one of two or more HPV types.

d
HPV positive but not HPV 16.

e
Includes adenocarcinomas and adenosquamous carcinomas.

f
Three carcinoma cases were negative for HPV.
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Discussion

The biologic heterogeneity of the so-called cervical
cancer precursors is a fascinating scientific question
with important clinical and economic implications.
Identifying the key features that would allow
reliable categorization of lesions into those rela-
tively few cases at high risk for progression and the
much larger number of cases with little such risk
would allow strategic and targeted intervention for
those patients at highest risk. At the same time,
follow-up paradigms could be constructed for
women with lesser risk lesions. Such paradigms
would need to establish a safety net for identifying
subsequent risk for progression while reducing
costly and unnecessary therapeutic intervention
for lesions that are destined to regress.

As an initial step in addressing this issue, we
elected to determine the HPV types present in our
cases of HSIL and to compare the distribution of
these HPV types with those found in cases of
invasive cervical cancer. HSIL cases that harbor
HPV types that are identified as a single genotype in
carcinomas would appear likely to be true precur-
sors to cancer. Those HSIL cases that are associated
with HPV types that are not seen in cancers or are
present only in mixed infections may be lesions that
would ultimately regress or persist unchanged.

While previous authors have reported HPV
patterns for various intraepithelial subcate-
gories,2,4,8,15,16,23 our study differs in that it directly
compares HSIL and carcinoma using a technique
that simultaneously tests for a relatively large
number of HPV types. Although the distribution of
HPV types in carcinoma and HSIL overlapped in
this study, these results highlight a more compli-
cated pattern of HPV types in HSIL lesions as
compared with carcinoma.

These findings lend support to the suggestion that
differences in HPV type may indeed correlate with
differences in biological potential and risk for
invasion in HSIL lesions.2,15,24 The viral genotypes
most closely associated with invasive squamous
cancer, particularly HPV 16 and related types, were
those most closely associated with HSIL-S in this
study. While this association of carcinoma and HSIL
with high-risk HPV types has been well described in
the literature,1–5 the finding that HSIL-M had a
different, highly varied pattern of HPV genotypes
has not been well recognized. Unlike invasive
carcinoma and HSIL-S, most of the HPV types
identified in HSIL-M were in the intermediate-risk
category. These intermediate-risk types were rarely
present as the sole HPV in our invasive cancers. This
is significant because HSIL-M and HSIL-S are
currently grouped into a single category for pur-
poses for cytologic interpretation using Bethesda
2001 terminology25 and also for clinical follow-up
regimens.26 It has previously been recognized14,27–29

that most cases of LSIL regress spontaneously, while
HSIL cases, as a group, present a greater risk for

progression.14 The results of this study suggest that
subcategories exist within HSIL in which risk for
progression to carcinoma is related, at least in part,
to HPV type. These results are consistent with the
meta-analysis published by Clifford et al24 compar-
ing the HPV types in HSIL lesions and squamous
cell carcinoma.

The large number of cases in our series harboring
multiple HPV types adds a high level of complexity
to interpreting these data. Reid et al30 found that
individual colposcopic lesions harbor only one HPV
type, suggesting that each HPV type identified in
our samples represents an individual lesion. How-
ever, it is possible that some SIL lesions represent a
fusion of individual HPV-associated lesions or even
a coinfection of HPV types in a single clonal
population. Our data cannot distinguish among
these possibilities. However, invasive cancer cases
showed a lesser number of multiple HPV types
compared with HSIL suggesting that a limited
number of HPV types are associated with the
transition to invasion. If younger women harbor
multiple HPV types including at least one oncogenic
type, presumably the lesions harboring the lower
risk viral types remit over time, while the oncogenic
process persists and advances both spatially and in
severity of the associated lesion. It should be noted
that the samples from the cancer cases were taken
primarily from the tumor in the surgical pathology
laboratory (although much of the uninvolved cervix
was also sampled), while the HSIL cases were
clinical screening tests in which the surface of the
cervix was thoroughly sampled. It is conceivable
that this difference in specimen collection is at least
partially responsible for the difference in the
number of viral types identified in the cancers and
the HSIL cases.

HPV 18 appears to be under-represented in HSIL
in our series when compared to carcinomas. It has
been suggested that HPV 182,31 may be associated
with rapidly evolving lesions such that an HSIL
intermediate has not often been identified. An
alternative hypothesis is that HPV 18 lesions are
preferentially glandular in histogenesis32 and thus
are more likely to be associated with glandular
precursor lesions (adenocarcinoma in situ (AIS))
rather than HSIL. Thus, the relative disparity
between HPV 18 in HSIL and cancers in this series
may relate to the presence of the adenocarcinomas
and adenosquamous carcinomas. This may also
explain the higher rate of HPV 16 positivity in
HSIL-S compared with HPV 18.

These data are at variance with the findings of
Lungu et al,33 who found no difference in HPV types
between CIN 2 and CIN 3. There were significant
methodological differences between that study and
ours that make comparison difficult. In that study,
PCR was performed on biopsy digests using a
restricted number of probes, while our study uses
a cytologic sample and an expanded probe set.
Similarly, interobserver variability in interpretation
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of both cytologic34–36 and histologic changes37,38 in
the cervix is well documented in the literature. The
findings of Matsukura and Sugase,8 using a larger set
of HPV types, show a varying pattern of HPV types
with category of CIN similar to that described here.
We are now including LSIL cases in our accumulat-
ing study set in order to compare the pattern of HPV
types in HSIL and LSIL cases. It will be interesting
to see if the HPV types found in LSIL are similar to
or different from those present in HSIL-M. None-
theless, the statistical significance that our data
show in discriminating HSIL-M and HSIL-S accord-
ing to HPV type and the lack of such discrimination
between HSIL-S and invasive cervical carcinoma
suggests a high level of consistency in our approach.

Muñoz et al10 have recently published a study in
which HPV genotyping data was pooled from 11
case-controlled studies of 1739 squamous cell
carcinoma cases worldwide. It is of interest that
carcinoma in situ (categorized here as HSIL-S) was
included in the list of cancers reported by Muñoz.
They suggested that HPV types that we have
categorized as intermediate risk be included in the
group of high-risk HPV types. These include HPV
33, 35, 39, 51, 52, 56, 58, 59, 68, 73, and 82. They
also raised the possibility that HPV types 26, 53, and
66 (listed here as low risk) should also be considered
in that category. In our study, albeit with a limited
number of cases, HPV 33, 35, and 83 (listed here as
intermediate risk) were identified as the single type
in individual invasive carcinoma cases and thus
may deserve consideration for recategorization as
high risk. However, the remaining intermediate-risk
viral types were present in our population predo-
minantly in intraepithelial lesions and only as a part
of mixed infections with higher risk types if present
in the cancers.

Classically, CIN I (the histological equivalent of
LSIL), CIN II (HSIL-M) and CIN III (HSIL-S) have
been thought to represent a morphologic and
biological progression of a single preneoplastic
continuum that evolves over many years. Recent
authors27–29 have suggested that LSIL (CIN I) and
HSIL (CIN II and CIN III) represent two distinct
categories with differing potential for progression
such that LSIL lesions generally remit sponta-
neously. Our work here suggests that many HSIL
lesions (HSIL-M (CIN II), in particular) are asso-
ciated with HPV types that are not commonly found
as the sole HPV type in cancers. It would seem then
that invasive cancer would be an unlikely end point
for such intraepithelial lesions. It is unclear at this
time whether the viral types identified here as
intermediate risk and found predominantly in
HSIL-M cases are associated with lesions that
ultimately regress like LSIL, or if such lesions have
an intermediate potential. It is conceivable that
intermediate risk-associated lesions could represent
an incomplete form of viral/neoplastic transforma-
tion (recognized morphologically as dysplasia) that
persists unchanged for extended periods.

On the other hand, it is possible that some lower
grade lesions associated with oncogenic HPV types
(especially HPV 16) may indeed undergo the
classical progression from CIN I to invasive cancer.
If so, HPV type would be an important parameter in
assigning risk for progression in women with low-
grade lesions. If verified by additional studies, these
observations can have significant implications for
HPV testing and cervical cancer screening. If only a
few viral types are truly associated with the fully
evolved malignant phenotype, then it may be
appropriate to identify these high-risk viruses in
clinical HPV testing as a way of stratifying risk and,
perhaps, directing therapeutic intervention. Thus, a
combination of morphology and HPV genotyping
would appear to be a powerful combination to
stratify risk for an individual patient. Similarly, a
smaller set of truly oncogenic viral types would
simplify creation of HPV vaccines. We hypothesize
that HPV type is an important variable that helps to
stratify risk for progression to invasion in women
with cervical dysplasia.
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