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Human papillomavirus (HPV) infection frequently causes squa-
mous intraepithelial lesions (SIL) of the uterine cervix and con-
sequently gives rise to squamous cell carcinoma. It is therefore
important to identify cases that potentially develop higher
grades of SIL at an early stage of the disease. In this study, we
thus investigated whether immunocytochemistry for p21 WAF1/Cipl
and p16™5* could be applicable in the diagnosis and the prog-
nostic prediction of SIL in combination with genomic analyses
of HPV. The genomic analysis of high-risk HPV (hrHPV), which
was done by reversed dot blotting and by in situ hybridization,
and immunocytochemistry were performed on liquid-based cyto-
logical specimens. A cross-sectional study comprising 145 cases
of NILM, ASC-US, LSIL, and HSIL indicated that the incidence
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of the positive cases for pl6™* and p21"F1/CP! and hrHPV
increased with the grade of SIL. A double positive status for
pl6™E*a ana  p21WAFI/CPT \was a  significant  discriminator
between HSIL and LSIL/NILM, even when applied in conjunc-
tion with the genomic test for hrHPV (P = 0.006 by logistic
regression analysis). However, a prospective study employin§ 61
NILM/ASC-US cases, revealed that the pl6™%*/p2]"Ar1/cip!
immunostaining was not a significant predictor for the progression
of SIL, whereas the cytological diagnosis (NILM vs. ASC-US) and
the infection status of hrHPV conferred significant 3)fects on the
prognosis. Immunostaining of pl6™%* and p21"AT/CP! provides
additional information on the cytological diagnosis of SIL. A further
analysis using a larger population is warranted to obtain a conclu-
sive result regarding the prognostic significance of plélNK4"/p2] -
WAF1/Cipl immunocytochemistry in the diagnosis of SIL. Diagn.
Cytopathol. 2014;42:125-133.  © 2013 Wiley Periodicals, Inc.

Key Words: cervical intraepithelial neoplasia; p16™<#; p21WAF,
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Human papillomavirus (HPV) has a number of different
genotypes, of which high-risk genotypes such as type 16
and 18 are known to be responsible for cervical cancer.'
Although most HPV infections are eliminated by the
immune system of the hosts, 10-20% of the infected
hosts develop cervical intraepithelial neoplasia (CIN)
and invasive carcinoma progressively.2 Therefore, it is of
clinical importance to identify cases that would develop
high-grade CIN among the HPV-positive hosts at an
earlier stage of infection.
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The cytological examination was widely used as a less-
invasive screening method to identify CIN or squamous intra-
epithelial lesion (SIL, used for cytological changes indicating
the existence of CIN). Although the cytological examination
is accepted as reliable method for the identification of CIN or
SIL, it would be more useful if it was applicable to the pur-
pose stated above, i.e., for the detection of cases with a high
probability of developing higher grade CIN/SIL.

A number of studies pointed out that the disturbance of
the cell cycle regulation by the RB-cyclin system was the
key in cervical carcinogenesis; E6 and E7 proteins of HPV
inhibit the functions of the RB and p53 proteins, and thus
promote cellular proliferation.>* In this process, p16™ 42
(hereafter abbreviated as pl6), a cyclin-dependent kinase
(CDK) inhibitor, was shown to accumulate in the epithe-
lium infected with HPV, and, thus, immunohistochemistry
of pl6 has been thought useful in the diagnosis of SIL and
CIN.>® Another CDK inhibitor, p21WVAFY/CPl (p21) was
induced by the activation of p53, and was known to play
important roles in anti-oncogenesis.””'' Although this CDK
inhibitor was expected to be another useful marker
for SIL/CIN, the applicability of p2l in the cytological
diagnosis was not fully evaluated.

Molecular analyses clearly showed that the integration
of the HPV DNA into the host genome was essential for
the significant induction of the E6/E7 protein.'>"> As a
result, high-grade SIL/CIN showed a high incidence of
integrated HPV DNA in the genome of the cervical
epithelium when examined by in situ hybridization
(ISH).'®'® The identification of the integrated HPV
genome by ISH may therefore be an excellent screening
method to identify cases with high-risk SIL in the
cytological examination.'®** However, such genomic or
molecular analyses are labor-intensive and costly, thus
hampering its application in the routine cytological
examination. In contrast, immunocytochemistry is more
feasible to perform in the routine examination.

Therefore, in this study, we evaluated the utility of the
immunocytochemical test for p16 and p21 in the diagnosis
of SIL. We tested whether p16/p21 immunostaining could
be substituted for the genomic examinations of HPV or
whether the immunocytochemical test gave additional in-
formation on the genomic analyses of HPV.

Materials and Methods
Subjects

A hundred and forty-nine cytological samples were
collected from consecutive new patients who visited the
Department of Obstetrics and Gynecology of the National
Hospital Organization (NHO) Hamada Medical Center
between May, 2008 and March, 2011. Patients with
the history of cervical cancer and of the exposure to
diethylstilbestrol in utero as well as immunocompromised
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patients were excluded from the study. In addition, any
cases diagnosed as “unsatisfactory for evaluation” accord-
ing to the Bethesda System were excluded. The cytologi-
cal specimens were obtained with a bloom brush. After
the smear samples were prepared, the brush was washed
in Thinprep PreservCyt Solution (Hologic Inc, Bedford,
MA) to recover and fix the residual cells.?! These cells
were then used in the liquid-based cytology preparation
for immunocytochemistry, as well as for ISH and the
reversed dot blotting for HPV genotyping. A cytological
diagnosis was made using smear specimens according to
the Bethesda system by four experienced cytotechnolo-
gists and two pathologists.”>*> We found 76 cases of
“negative for intraepithelial lesion or malignancy
(NILM),” 28 of “low-grade SIL (LSIL),” 30 of ‘“high-
grade SIL (HSIL),” 11 of “atypical squamous cells of
undetermined significance (ASC-US),” and 4 of “atypical
squamous cells, cannot exclude HSIL (ASC-H).” ASC-H
was excluded from the study because of a small number
of available cases. The incidence of HSIL and ASC-US
was higher in our subjects versus those reported previ-
ously®*; this was probably due to a difference in the back-
ground of the population (a substantial number of
subjects in the present study visited the hospital as they
had some signs/symptoms or suspicious screening
results). The average age of the 145 cases was 36 * 13
years (range, 17-90 years), and no significant difference
was observed among the four classes of diagnosis. The
follow-up data were collected for 61 cases diagnosed as
NILM (52 cases) and ASC-US (9 cases) at the first visit.
During the follow-up period, 20 cases were found to be
diagnosed either as >CIN1 by the histological examina-
tion or >LSIL by the cytological examination, and were
classified into the progressed/discordant cases. It should
be noted that the 20 cases included both false-negative
cases at the first cytological diagnosis and cases with true
biological progression of CIN. We retrospectively
reviewed the cytology samples of the cases that were
classified into the progressed/discordant cases to confirm
the diagnosis. The follow-up periods were 5-1,278 days
(median, 319 days) and the median of the follow-up inter-
val was 101 days (from 12 to 722 days). The follow-up
examinations were performed by the cytological and/or
histological examinations based on clinical decisions. A
total of 80% of the HSIL cases were diagnosed thus far
and treated as CIN3 in the following biopsy/conization.

All the participants gave an informed consent and the
study protocol was approved by the local ethics commit-
tee of the NHO Hamada Medical Center.

Immunocytochemistry

For immunostaining of pl6, the CINtec Histology kit
(Roche mtm laboratories AG, Heidelberg, Germany) was
used according to the manufacturer’s instructions. The
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Fig. C-1. The cytological appearance of the conventional Papanicolou stain and the immunostaining for p16/p21, and the in situ hybridization for
high-risk HPV. The epithelial cells positive for pl6 (A) and for p21 (B) as well as the episomal (E), and the integrated (F) pattern of the in situ
hybridization for high-risk HPV are shown. The cells diagnosed as NILM (C) and LSIL (D) by the conventional cytology.

primary antibody was a mouse anti-human pl16™%** anti-
body (clone E6H4TM) that was included in the kit. For the
staining of p21, the ChemMate ENVISION kit (DAKO
A/S, Glostrup, Denmark) was used with a monoclonal
mouse anti-human p21WAF]/ CiPl antibody (clone SX118,
1:50 dilution, DAKO A/S) as the primary antibody.
Immunostaining was performed on the Autostainer Plus
(DAKO A/S).

Typical examples of the immunocytochemistry are
shown in Fig. C-1. As reported previously, both the
cytoplasm and the nucleus stained positively for pl6
(Fig. C-1A), while only the nucleus stained for p21
(Fig. C-1B).*> It should be noted that the normal epithe-
lial cells may express pl6 in a focal or patchy pattern

during cellular cycling.” However, as the neoplastic cells
show a stronger and diffuse pattern of pl6 staining, one
may distinguish the neoplastic cells from the normal
cells.?® In the liquid-based cytological material, we diag-
nosed pl6-positive cells without any dysplastic changes
(i.e., NILM) based on the cytological appearance of the
cells (see Figs. C-1C and D) as well as on the staining
pattern of pl6. The cases with an uncertain diagnosis
were re-evaluated through a close discussion between
K.I. and M.N.

In Situ Hybridization
ISH for the HPV genome was performed using a com-

mercial kit (ISH iVIEW Blue Plus Detection kit with
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Table I. The Result of the Immunocytochemical Test for p16/p21 and the Genomic Tests for HPV in the Four Cytological Classes

ISH (hrHPV 12 types)

pl6 p21 pl6 and p21 pl6 or p21 Dot blot (hrHPV 14 types)
n Positives (%)  Positives (%)  Positives (%)  Positives (%) Positives (%) Positives (%) I>E (% to positives)
NILM 76 14 (18%) 12 (16%) 3 (4%) 23 (30%) 20 (26%) 4 (5%) 1 (25%)
ASC-US 11 4 (36%) 3 (27%) 3 (27%) 4 (36%) 6 (55%) 5 (45%) 1 (20%)
LSIL 28 16 (57%) 8 (29%) 5 (18%) 19 (68%) 25 (89%) 23 (83%) 3 (13%)
HSIL 30 30 (100%) 21 (70%) 21 (70%) 30 (100%) 28 (93%) 29 (97%) 27 (93%)

All of the columns showed significant linear trends of increase in incidents of positive cases along with the progression in the cytological class.
hrHPV: high-risk subtypes of Human Papillomavirus, ISH; in-situ hybridization, I>>E; the integrated pattern predominant in the ISH.

INFORM HPV III Family 16 probe [C]; Ventana Medical
Systems, Tucson, AZ) on a BenchMark LT automated
slide-staining system (Ventana Medical Systems). The
probe cocktail used in the ISH was for 12 high-risk HPVs
(type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 66).

The cells positively stained in the cytological specimen
were classified into two different patterns: a diffuse episo-
mal (E) pattern (Fig. C-1E) and a dotted integrated (I)
pattern (Fig. C-1F)."”'*2% On each cytological specimen,
the positive cells were classified into the E or I patterns.
Thereafter, each case was categorized into three groups:
cases with no positive ISH signals, cases of the E pattern
predominant (E>I), and cases of the I pattern predomi-
nant (I>E).

HPV Genotyping by PCR-Reversed Dot Blotting

DNA was extracted from the residual cytological samples
in ThinPrep PreservCyt Solution using a commercial kit
(MagCore Genomic DNA Tissue kit, RBC Bioscience,
Taipei, Taiwan) on the MagCore HF16 system (RBC Bio-
science). Polymerase chain reaction (PCR) was performed
using the 2720 Thermal Cycler (Applied Biosystems,
Carlsbad, CA). Genotyping was performed with a HPV
GenoArray Test kit (HybriBio, Hong Kong, China) on the
HybriMax system (HybriBio), which can detect 14 high-
risk genotypes (type 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, and 68), 6 low-risk genotypes (type 6, 11,
42, 43, 44, and CP8304), and one undetermined-risk ge-
notype (type 53). Each of these dot-blotting membranes
included one negative and one positive control blotting
area, respectively.

Statistics

The contingency table analysis or Student’s f-test was
used as univariate analyses when it was appropriate. The
multiple logistic regression analysis was employed when
the effects of the immunostaining of p16 and p21 on the
cytological diagnosis were evaluated under the adjustment
of other confounding factors. The log-rank test and Cox
proportional hazard model were applied to analyze the
follow-up data. Statistical analyses were performed with
JMP v. 10 (SAS Institute Inc., Cary, NC). P < 0.05 was
considered to be statistically significant.
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Results

pl6/p21 Expression and HPV Infection in the
Cytological Samples

Table I summarizes the results of the immunocytochemi-
cal test for pl6 and p21, as well as the genomic tests for
HPV in the 145 cytological specimens. The cases with a
positive expression of pl6 and p21 increased with the
cytological grade (the linear trend was statistically signifi-
cant, data not shown). Although substantial NILM and
LSIL cases stained positively for either p16 (18 and 57%,
respectively) or p21 (16 and 29%, respectively). It should
be noted that the cases positive for both pl6 and p2l
were reduced greatly in the NILM and LSIL cases (4 and
18%, respectively), which was in contrast to the high pos-
itive rate in HSIL (70%). This implied that the double
staining for pl6 and p21 increased the specificity for
HSIL. In fact, when the sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) were calculated to distinguish between HSIL and
LSIL, the double staining for pl6 and p21 improved the
specificity and the PPV (Table II).

The results of the dot blotting and the ISH indicated
that the positive rates of HPV were comparable between
the two methods for the LSIL and HSIL cases. However,
in NILM, the positive rate in the dot blotting was greater
than that in ISH (26 and 5 %, respectively). This prob-
ably results from the much greater sensitivity of the
reversed dot blotting due to the employment of PCR in
this method. In the cases without a high-risk HPV infec-
tion, only 4 cases were positive for low- and undeter-
mined-risk HPV alone in NILM, and the other 52 cases
were negative for HPV. In contrast, in LSIL and HSIL,
all the cases were infected with high-risk HPV that could
be detected either by dot blotting or ISH. Approximately
one half of the cases of ASC-US were infected with high-
risk HPV detected by dot blotting or ISH. It is of interest
that the I>E pattern prevailed in the HSIL cases (93%),
while the E>I pattern was mainly observed in the LSIL
cases (100-13% = 87%).

The utility of the immunocytochemistry and the HPV
genomic analyses were evaluated based on their sensitiv-
ity, specificity, PPV, and NPV. For the discrimination
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Table II. The Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of the p16/p21 Immunocytochemistry and HPV

Examination

LSIL vs. NILM

HSIL vs. LSIL

Sens Spec PPV NPV Sens Spec PPV NPV
Immunocytochemical tests
plé (+) 0.57 0.82 0.53 0.84 1.0 0.43 0.65 1.0
p21 (+) 0.29 0.84 0.40 0.76 0.70 0.71 0.72 0.69
pl6 (+) or p21 (+) 0.68 0.70 0.45 0.85 1.0 0.32 0.61 1.0
pl6 (+) and p21 (+) 0.18 0.96 0.60 0.76 0.70 0.82 0.81 0.72
Genomic tests for hrHPV
Dot blotting positive (hrHPV 14 types) 0.89 0.74 0.50 0.92 0.93 0.11 0.54 0.63
I>E in the ISH for hrHPV 12 types 0.11 0.99 0.75 0.75 0.90 0.89 0.90 0.89

hrHPV, high-risk subtypes of Human Papillomavirus; I>E, the integrated pattern predominant; ISH, in-situ hybridization; Sens, sensitivity; Spec,

specificity; PPV, positive predictive value; NPV, negative predictive value.

Immunocytochemical tests for p16 / p21 and genomic tests for hrHPV shown in bold letters indicate the best that discriminate either between LSIL

and NILM, or between HSIL and LSIL.

between LSIL and HSIL, “pl6 (+) and p21 (+)” and
“I>E pattern by the ISH” were the best in the immunocy-
tochemistry and the HPV genomic tests, respectively. On
the other hand, for the discrimination between LSIL and
NILM, “pl6 (+) or p21 (+)” and “pl6 (+)” were com-
parable with each other. In the following analyses, we
showed the results using “pl6 (+) or p21 (+)” as the
best discriminator between LSIL and NILM. When “pl6
(+)” was used instead, it gave basically the same results
as those using “p16 (+) or p21 (+)” (data not shown). In
the two HPV genomic tests, the dot blotting test was the
best for the discrimination between LSIL and NILM.
(shown in bold letters in Table II).

Multiple Logistic Regression Analysis

A further evaluation of the “best” four tests selected
above (see Table II) was performed by multiple logistic
regression analysis. Due to the cost and the time-consum-
ing protocol for the genomic tests for HPV, it is ideal to
substitute the immunostaining of pl6 and p21 for the
genomic tests. Hence, in model 1, the immunocytochemi-
cal examination was evaluated without the genomic tests
for HPV, while, in model 2, the genomic tests were added
to the analysis. Under an adjustment of the patients’ age
and the history of CIN, the immunocytochemistry for pl16
and p21 was a significant discriminator of the cytological
grade both between HSIL/LSIL and NILM, and between
HSIL and LSIL/ NILM. Furthermore, even in combination
with the genomic tests for HPV, the immunocytochemis-
try was still an independent factor in discriminating the
cytological grades (Table III).

A Follow-Up Study of NILM /ASC-US Cases

The analyses above indicated that the p21 and pl6
expression in the cytological specimens was useful in the
diagnosis of SIL. However, the most interesting issue in
clinical practice is whether p21 and pl6 immunostaining
can provide useful information regarding the progression

Table III. Evaluation of the Usefulness of pl6/p21 Immunocytochemis-
try on the Cytological Diagnosis With (Model 2) and Without (Model 1)
the Genomic Tests for HPV

B = SE x2 P OR [95% CI]
(A) HSIL/LSIL vs. NILM
Model 1
pl6 (+) or p21 (+) 1.3 £ 0.23 429 <0.0001 13.7 [5.9, 35.6]
Model 2
pl6 (+) or p21 (+) 1.27 £ 0.28 20.7 <0.0001 12.7 [4.5, 41.0]
hrHPV (+) 1.65 = 0.31 299 <0.0001 27.2[9.1, 99.6]
(B) HSIL vs. LSIL/NILM
Model 1
pl6 (+) and p21 (+) 1.67 = 0.27 37.7 <0.0001 28.1[10.2, 87.0]
Model 2
pl6 (+) and p21 (+) 138 =050 7.6 0.006  15.7 [2.5, 146.0]
ISH (I>E) 2.76 £ 0.54 263 <0.0001 248 [40.2, 3290]

Effects of pl6/p21 immunocytochemistry on the cytological diagnosis
were evaluated under adjustment of age and history of CIN by multiple
logistic regression.

The genomic tests for HPV were included in the model 2 while not in
the model 1.

OR; odds ratio, CI; confidence interval, hrHPV: high-risk subtypes of
Human Papillomavirus, I>E; the integrated pattern predominant.

of the disease in NILM/ASC-US cases. In order to evalu-
ate the utility of pl6 and p21 immunocytochemistry, as
well as the genomic tests for HPV in the prediction of
the disease progression, we performed a prospective study
in 61 NILM/ASC-US cases. We found a progression of
the disease in 20 cases during the follow-up period, either
by the cytological or by the histological examination (see
Methods).

The follow-up cases are summarized in Table IV. The
follow-up period was significantly longer in the cases with-
out progression, which was natural because most of the
NILM/ASC-US cases were followed up continuously until
any progression was observed. The incidence of high-risk
HPV was significantly greater in the progressed cases.

The four tests selected in Table II were examined to
determine whether they could identify the cases with dis-
ease progression. As shown in Fig. 1, the log-rank test
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indicated that the infection of high-risk HPV, as well as
the cytological diagnosis (ASC-US vs. NILM), influenced
the prognosis significantly (P = 0.007 and 0.002, respec-
tively). On the other hand, the status of the p16 and p21
expression by immunocytochemistry did not achieve
significance.

It was expected that the ASC-US cases had a greater
risk for the progression to higher grades of CIN/SIL,
and, thus, to evaluate the effects of pl6/p21 staining on
the prognosis accurately; such confounding factors were
to be adjusted in a multivariate analysis. The Cox

Table IV. Summary of 61 Follow-Up Cases of NILM/ASC-US

Progressed|discordant

No Yes P
N 41 20
Age, years 39 + 13 35 £ 12 0.2
Follow-up, days 390 £ 2 95 + 4 <0.0001
ASC-US, % 9.8 25.0 0.14
Positive history of CIN, % 48.8 25.0 0.07
hrHPV (+), % 26.8 65.0 0.004
pl6 (+), % 19.5 25.0 0.7
p21 (+), % 14.6 30.0 0.16
pl6 (+) or p21 (+), % 26.8 40.0 0.3
pl6 (+) and p21 (+), % 7.3 15.0 0.4

hrHPV, high-risk subtypes of HPV.

p16 (+) and p21 (+)

proportional hazard model confirmed the independent
effects of the cytological diagnosis and high-risk HPV
infection. In addition, the patients’ age and the history of
CIN had weak negative effects on the prognosis. The pos-
itive staining for p16 or p21 was not found to be an inde-
pendent risk factor (Table V).

Discussion

In this study, we evaluated the utility of the immunocyto-
chemistry for p16 and p21 as well as for the two genomic
tests for high-risk HPV (i.e., reversed dot blotting and
ISH) in the cytological diagnosis of SIL. The results indi-
cated that the immunocytochemistry for pl6é and p21
might be useful markers for the diagnosis of SIL in the
cytological examinations. In contrast to the immunocyto-
chemistry for p16, which was positive in the early stages
of SIL, p21 seemed to be positive in the higher grades of
SIL (see Table I). This result was consistent with some of
the previous observa\tions,ﬂ’28 and may be reasonable
because p21 is a CDK inhibitor that is activated directly
by p53.%> Hence, the positive staining for p21 gave a sub-
stantial improvement in the sensitivity and the specificity
of the discrimination between LSIL and HSIL, although
the I>E pattern in ISH gave the best discrimination (see

p16 (+) or p21 (+)

1.0 1.0
[0} _ ‘-L‘-\_ | =7, negative
o 0.8 A A . . 0.8 'HL egative -
“é‘ = =1 negative —-==q
5 0.6 L___: 0.6 T
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@ 04 ==== 0.4
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a
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Fig. 1. The prospective evaluation of the four diagnostic factors in 61 NILM/ASC-US cases. The immunocytochemistry [p16 (+) and/or p21 (+)],
the reversed dot blotting analysis for high-risk HPV and the cytological diagnosis were evaluated by Kaplan-Meier method. The latter two showed
significant effects on the progression of SIL by the log-rank test [the dot blotting test for high-risk HPV; P = 0.007, the cytological diagnosis;
P = 0.002].
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Table V. Evaluation of Prognostic Factors for the SIL/CIN Progression
in 61 NILM/ASC-US Cases

B+SE x P RR [95% CI]
Age —0.05 +0.03 46 003 0.95[0.90, 1.00]
Diagnosis (ASC-US)  0.89 = 031 7.2 0.007 6.0 [1.7, 19.5]
History of CIN (+)  —0.59 = 030 43  0.04 0.3 [0.09, 0.9]
hrHPV (+) 0.63 =025 6.7 0001 3.5/[1.3,9.8]
p16 (+) or p21 (+) 0.07 =025 0.09 08 0.9 [0.3, 2.3]

Independent effects of factors listed were evaluated by Cox proportional
hazard model.

RR, relative risk; CI, confidence interval; hrHPV, high-risk subtypes of
HPV.

Table II). However, for the discrimination between LSIL
and NILM, the immunocytochemistry for p21 seemed
less useful. In the earlier stage of SIL/CIN, the HPV E7
proteins inactivate the RB protein, which may then induce
a compensatory overexpression of pl6, while p21 may be
expressed only after p53 is fully activated to prevent any
carcinogenesis in the later stage.?’

As the immunocytochemistry alone produced signifi-
cant effects in the discrimination of SIL, this examination
may help in the routine clinical diagnosis even without
any information pertaining to HPV infections. However,
as indicated with the odds ratios (OR) in Table III, the
genomic examinations for HPV infection were still supe-
rior to the immunostaining of pl6 and p21. Therefore, it
is more prudent to say that the immunocytochemistry for
pl6 and p21 could not yet be substituted for the genomic
examination of HPV. As the procedure was much simpler
for the immunocytochemistry, it may be the second best
supportive method.

It is of interest that even with the HPV genome tests,
the pl6/p21 immunocytochemistry was still informative
with respect to the diagnosis of SILs. In fact, the receiver
operating characteristics analysis in the logistic regression
showed that, in the discrimination between LSIL/HSIL
and NILM, the area under the curve (AUC) for the dot
blotting alone was 0.84, which increased to 0.91 when
the information on the immunostaining of pl6/p2l was
added. In the case between HSIL and LSIL/NILM, the
I>E pattern in ISH gave as high an AUC as 0.95, and the
addition of the immunocytochemistry gave a little
increase in the AUC. This observation suggested that, in
the differential diagnosis between HSIL/LSIL and NILM,
the immunocytochemistry for p16/p21 might improve the
diagnosis when it was performed with the dot-blotting
test for HPV.

When the application of immunocytochemistry to the
practical cytological examination is considered, it is desir-
able that the information is useful to predict the progno-
sis. The results of the prospective evaluation indicated
that the immunocytochemistry did not add significant in-
formation to the prediction made via the genome analysis
of HPV and the cytological diagnosis (see Fig. 1 and
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Table V). However, as only 6 of the 61 cases were
positive both for pl6 and p21, it is necessary to collect
more cases to obtain a more conclusive result.

This study has some limitations. Firstly, in ISH, only a
few cells were positively stained in some of the cytologi-
cal samples, which might impose some uncertainty on the
differentiation between the I>E and the E>I patterns. In
such cases, the abnormal cells were possibly few in the
original blushed samples. However, the sample prepara-
tion used in this study might affect the recovery of the
cells because the ThinPrep processor was not used in the
preparation of the liquid-based samples.’' In spite of
this limitation, as the positive rates of the I>E in differ-
ent SIL grades in the present study were consistent with
those in the previous reports,'”'>** the I>E and E>I pat-
terns in this study may still be useful as a supportive
method for the diagnosis.

Second, in a follow-up study, it was practically impos-
sible to distinguish cases that were a false negative at the
first diagnosis from cases with a true biological progres-
sion. However, we believe that there is little practical
significance to separate the two in a clinical setting; it is
important to identify cases that need a careful follow-up
regardless of the reason for the follow-up. Exclusion of
false positive cases may be possible in a future study in
which a larger cohort will be followed for a longer obser-
vation period.

In general, however, differentiation of cases with true
progression from those with potential regression is impor-
tant in clinical practice.’> Some reports suggested the sig-
nificance of patients’ age [the high rate of regression
recorded in the patients under the age of 30>, and of the
histological diagnosis and the natural history of CIN
[cases of CIN2 showed a greater rate of regression than
those of CIN334]. In this study, as we rather focused on
the progression to the lower level of SIL diagnosed by
the cytological examination, only three and two of the 20
cases with progression were confirmed to be CIN2 and 3
by the histological examination, respectively. Evaluation
of factors influencing the progression/regression may be
a subject of future investigation.

Recently, the screening guidelines for the early detec-
tion of CINs were published by the American Cancer
Society, American Society for Colposcopy and Cervical
Pathology, and American Society for Clinical Pathol-
ogy.>’ This article pointed out that the HPV genomic tests
were useful in the prediction of CIN progression, but we
need to apply them carefully because of the lower speci-
ficity, which might cause unnecessary ‘anxiety’ due to
false positive results.®® In this study, five of the nine
ASC-US and eight of the 52 NILM cases were found to
have “progressed” in their follow-up period, and it should
be noted that all of them were positive for high-risk
HPV, which confirmed the utility of the HPV genomic
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tests in predicting cases that would progress to higher
grades of CINs. Furthermore, the I>E pattern was a good
indicator of higher grades of SIL (Tables II and III), thus
implying that the ISH test is preferable to other HPV
genomic tests, such as the dot blotting to detect CINs that
needs immediate treatment. In spite of this, it is difficult
to introduce the ISH test in routine examinations due to
the cost and the laborious procedure. By contrast, the
immunocytochemistry of pl6 and p21 is a method that is
more feasible in most of the clinical laboratories. The
present study showed that the positive staining, for pl6
and p21, was another good marker to distinguish higher
grade SIL (Tables II and III). An additional analysis indi-
cated that the sensitivity and specificity of ‘double posi-
tive for p16 and p21° predicting the I>E in the ISH were
62% (21/34) and 90% (103/115), respectively, and PPV
and NPV were 64% (21/33) and 89% (103/116), respec-
tively. These results suggested that, even in the HPV-pos-
itive cases, HPV might not be integrated into the host
genome when either pl6 or p21 was negative, which
might indicate a lower risk for progression.

Although this study failed to establish the superiority of
the immunostaining alone versus the HPV genomic tests
in the screening, the combination of the immunostaining
and HPV genomic tests may be useful in routine examina-
tions, thus providing a better screening strategy from the
aspect of ‘the fundamental goal of cervical cancer screen-
ing’ that is “to prevent morbidity and mortality from cer-
vical cancer” and “to avoid the detection and unnecessary
treatment of transient HPV infection.”®® Further studies
are essential to improve the sensitivity and the PPV to
establish the clinical significance of the p16/p21 immuno-
staining in the prediction of the ISH patterns.

In conclusion, this study indicated that the immuno-
staining for pl6/p21 in the cytological specimens may
provide additional supportive information in the diagnosis
of SIL. The significance of the immunostaining of
pl6/p21 in the prediction of the prognosis in the cases at
an early stage of HPV infection needs to be established
in a future study using a larger population.
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