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Abstract. p16INK4a as a diagnostic marker of a cervical 
intraepithelial neoplasia of grade 2+ (CIN2+) in atypical 
squamous cells of undetermined significance (ASC-US) and 
low-grade squamous intraepithelial lesion (LSIL) cytological 
samples has been analyzed, but has not yet been included in 
clinical routine practice. One hundred and ninety-one patients 
with an abnormal Pap test (84  ASC-US  and  107  LSILs) 
who underwent colposcopy were selected for this study. At 
enrollment, 96 patients (Group 1) had a positive colposcopy 
and therefore underwent a cervical biopsy, while 95 
(Group  2) had a negative colposcopy and were followed 
up for up to 1 year. Both groups were tested for p16INK4a 
using  immunocytochemical methods, and the p16INK4a 
results were correlated with histology or follow-up outcome. 
In Group 1 ASC-US cases, 82% of lesions less than CIN2 
were p16INK4a-negative and all CIN2 cases were p16INK4a-
positive (p=0.00044). In Group 1 LSIL cases, 71% of lesions 
less than CIN2 were p16INK4a-negative and 87% of CIN2/3 
were p16INK4a-positive (p=0.00033). Seventy-seven percent 
of Group 2 ASC-US patients with a negative 1-year follow-up 
(NF-U) were p16INK4a-negative at enrollment, while all 

patients with positive follow-up (PF-U) were p16INK4a-
positive (p=0.00113). In Group 2 LSIL cases, 83% of patients 
with NF-U were p16INK4a-negative, while 65% of patients 
with PF-U were p16INK4a-positive at enrollment (p=0.0014). 
In fact, 39% of the positive p16INK4a LSIL patients had CIN2+ 
histological lesions. The positive predictive value of p16INK4a 
for CIN2+ was 50% in ASC-US and 52% in LSIL cases; the 
negative predictive value was 100 and 94%, respectively. In 
conclusion, in our patients, a negative p16INK4a appears to be 
a marker of the absence of CIN3, while a positive p16INK4a 
can be correlated with the presence of histological CIN2+ 
found at enrollment or during the subsequent follow-up. 
Thus, its clinical predictive value is independent from the 
colposcopic aspect at enrollment.

Introduction

It has been proven that human papillomaviruses (HPVs) are 
strongly associated with pre-neoplastic and neoplastic lesions 
of the uterine cervix (1-3).

According to present guidelines, patient treatment and follow-
up vary according to the classification of the lesion (4-8). Patients 
with high-grade squamous intraepithelial lesions (HSILs) are 
referred for colposcopy and, when a cervical intraepithelial 
neoplasia of grade 2 or more is histologically confirmed (CIN2+), 
the lesion is treated with excisional procedures. However, the 
management of patients with low-grade squamous intraepithelial 
lesions (LSILs) and atypical squamous cells of undetermined 
significance (ASC-US) is still controversial. Therefore, the 
identification of patients that have CIN2+ lesions beneath a LSIL 
cytological superficial lesion is an important challenge in order 
to avoid under diagnosis and treatment.

The aim to identify a specific triage test for women with 
ASC-US and LSILs has become increasingly crucial. The 
introduction of a biomarker that detects a CIN2+ cervical 
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pathology would be very useful in the management of women 
who have low-grade or undefined lesions.

According to the ALTS study (9), in the case of an ASC-US 
result, all international guidelines, including those of the 
Italian Society of Colposcopy, agree on the use of an HPV 
DNA test to decide whether or not colposcopy is indicative. 
However, in the case of LSILs, an HPV test is not as specific; 
therefore, novel markers are required.

The p16INK4a protein has a negative regulatory role 
in the cellular cycle of eukaryote cells by activating their 
arrest during the course of differentiating processes (10,11). 
p16INK4a overexpression indicates inactivation of cellular 
cycle control mediated by the E7 oncoprotein of high-risk 
human papillomaviruses (HR-HPVs) (12-18). In normal Pap 
smears, the p16INK4a protein is not evident by immunocyto-
chemistry, with the exception of some normal cells where it is 
physiologically expressed (16).

Materials and methods

From June 2008 to June 2009, 191 patients, 107 with LSILs and 
84 with HR-HPV-positive ASC-US, were enrolled in a study at 
the Colposcopy and the Low Genital Tract Pathology Unit of 
the Dipartimento Salute della Donna e Medicina Territoriale, 
Sapienza University of Rome. The patients with an abnormal 
Pap smear underwent colposcopy as a second level test and 
were subsequently divided, according to the colposcopy results, 
in two groups. The first (Group 1) was composed of 96 patients 
that had a positive colposcopy (39 ASC-US and 57 LSILs), and 
the second (Group 2) was composed of 95 patients with a nega-
tive satisfactory colposcopy (45 ASC-US and 50 LSILs). The 
cytological exams were reported according to the Bethesda 
System 2001 (7). Biopies were classified according to CIN 
classification.

The age of the women ranged from 18 to 54 years 
(average 38) in the ASC-US group, and from 18 to 50 years 
(average 34) in the LSIL group.

Sampling for p16INK4a was performed in a liquid base 
medium (Thin Prep, Hologic Italia, Rome, Italy) during colpos-
copy. When a lesion was evident, a biopsy was performed.

Ninety-five patients (45 ASC-US and 50 LSILs) without any 
colposcopic evident lesion, and therefore without any biopsy, 
were followed up for 1 year through cytology and colposcopy. 
The cytological results and the results of the biopsy performed 
when a lesion appeared were correlated with the p16INK4a 
status at enrollment.

For p16INK4a immunocytochemical analysis, a commer-
cially available monoclonal antibody (clone E6H4, CINtec 
p16INK4a; MTM Laboratories, Heidelberg, Germany) was 
used. The procedure was performed according to the stan-
dard procedure. A positive p16INK4 result was defined by 
immunostaining of at least one morphologically identified 
abnormal (dysplastic or atypical) cell. Staining intensity and 
signal localization were not factors in determining a positive 
p16INK4a result. A negative p16INK4a result was defined as 
no cell staining or staining of morphologically normal meta-
plastic or endocervical cells, according to the manufacturer's 
instructions (19).

Informed consent of all of the patients was obtained. The 
Chi-square test was used for statistical analysis.

Results

One hundred and ninety-one patients were selected for this 
study and presented with 84 ASC-US and 107 LSILs as identi-
fied by cytology.

Thirty-three (39.3%) (CI 95% 28.9-49.7) of the ASC-US 
patients and 43 (40.2%)  (CI 95% 30.9-49.5) of the LSIL 
patients were positive for p16INK4a (Table I). p16INK4a posi-
tivity was not statistically different between the ASC-US and 
LSIL patients.

The histological results of the Group 1 patients are reported 
in Tables II and III.

Fifty-nine (61%) of the 96 patients that underwent biopsy 
were p16INK4a-negative (27 ASC-US and 32 LSILs). The 
histology of the 27 p16INK4a-negative ASC-US patients 
consistently showed a low-grade lesion (24 condilomas 
and 3 CIN1) (Table II). Of the 32 p16INK4a-negative LSIL 
patients, 30 presented with a lesion <CIN2 (6 metaplasia, 16 
condilomas and 8 CIN1), while only 2 had CIN2 (Table III).

Thirty-seven of the 96 (39%) Group 1 patients were positive 
for p16INK4a (12 ASC-US and 25 LSILs). The biopsy of 6 out 
of the 12 ASC-US patients with a positive p16INK4a revealed 
a CIN2 lesion (Table II). Biopsy of the 25 p16INK4a-positive 
LSIL patients revealed a condiloma in 8 patients, a CIN1 in 
4 patients, a CIN2 in 10 patients and a CIN3 in 3 (Table III).

In the Group 1 cases, the p16INK4a test had 100% sensi-
tivity for CIN2+ in the ASC-US patients and 87% sensitivity 
in the LSIL patients; the specificity of the test for CIN2+ was 
82% in ASC-US and 71% in LSIL cases. The positive predic-
tive value (PPV) was 50% in the ASC-US and 52% in the 
LSIL cases. The negative predictive value (NPV) was 100% 
for ASC-US and 94% for LSIL.

In Group 1 ASC-US cases, 82% of the CIN1/condilomas 
(<CIN2) were p16INK4a-negative and all CIN2 were 
p16INK4a-positive (p=0.00044). In Group 1 LSIL cases, 71% 
of lesions <CIN2 were p16INK4a-negative and 87% of CIN2/3 
were p16INK4a-positive (p=0.00033).

Group 2 was composed of 95 (45 ASC-US and 50 LSILs) 
patients with no evident lesions at enrollment. Of these, 62 
were p16INK4a-negative (30 ASC-US and 32 LSILs) and 33 
were p16INK4a-positive (15 ASC-US and 18 LSILs). In 26 out 
of the 95 patients, a lesion became visible and, therefore, a 
biopsy was performed during the follow-up period.

All p16INK4a-negative ASC-US (30/30) and 25 out of 
32 p16INK4a-negative LSIL patients had a negative Pap test 
and colposcopy within the 1-year follow-up (Tables IV and 
V). The remaining 7 LSIL patients with negative p16INK4a 
at enrollment had a positive Pap test and colposcopic exam 

Table I. Correlation between cytology and p16INK4a.

	 ASC-US	 LSILs
	 -----------------------------	 -----------------------------
	 No.	 %	 No.	 %

p16INK4a-negative	 51	   60.7	   64	   59.8
p16INK4a-positive	 33	   39.3	   43	   40.2
Total	 84	 100.0	 107	 100.0
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during follow-up; the biopsy revealed 4 condilomas, 1 CIN1, 2 
CIN2 and no CIN3 (Table V).

Six out of the 15 p16INK4a-positive ASC-US patients 
had a positive Pap test (LSIL) within the 1-year follow-up; all 
lesions were histologically confirmed as low grade (Table IV).

Thirteen out of the 18 LSIL patients with positive p16INK4a 
at enrollment had a positive Pap test and colposcopic exam 
during follow-up; 7 of them (54%) revealed a high-grade histo-
logic lesion (5 CIN2 and 2 CIN3) (Table V).

In the Group 2 subjects, the p16INK4a test had 100% sensi-
tivity for CIN2+ in the ASC-US patients and 65% sensitivity 
in the LSIL patients. The specificity of the test for CIN2+ was 
77% in ASC-US and 83% in LSIL cases. The PPV was 40% in 
the ASC-US and 72% in the LSIL cases, while the NPV was 
100% for ASC-US and 78% for LSIL cases.

In Group 2 ASC-US cases, 77% of the patients with a nega-
tive follow-up were p16INK4a-negative at enrollment, while 

all patients with a positive follow-up were p16INK4a-positive 
(p=0.00113).

In Group 2 LSIL cases, during the same follow-up period, 
83% of the patients with a negative follow-up were p16INK4a-
negative at enrollment, while 65% of the patients with a 
positive follow-up were p16INK4a-positive (p=0.0014). In fact, 
39% of the p16INK4a-positive LSIL patients had high-grade 
histological lesions (CIN2-CIN3) vs. only 6% (CIN2) of the 
p16INK4a-negative LSIL patients of the same group. These 
statistically significant results indicated a strong association 
between the p16INK4a status and the follow-up outcome.

Discussion

A meta-analysis by Tsoumpou et al regarding the results of 
the p16INKa immunocytochemical test showed an average 
positivity of 45% both in ASC-US and in LSIL cases (20). Our 

Table II. Correlation between histology and p16INK4a in patients with ASC-US (Group 1).

	 <CIN2	 CIN2+
	 ------------------------------------------------------------------------------------	 ----------------------------------
	 Condiloma	 CIN1	 CIN2	 Total
	 ---------------------------------	 ---------------------------------	 ----------------------------------	 --------------------------------
	 No.	 %	 No.	 %	 No.	 %	 No.	 %

p16INK4a-negative	 24	 88.9	 3	 11.1	 -		  27	 100
p16INK4a-positive	   3	 25.0	 3	 25.0	 6	 50.0	 12	 100
Total	 27	 6	 6	 39

Statistical analysis for <CIN2 vs. CIN2+ (p=0.00044).

Table III. Correlation between histology and p16INK4a in patients with LSIL (Group 1).

	 <CIN2	 CIN2+
	 -----------------------------------------------------------------------------------------------	 --------------------------------------------------------
	 Negative	 Condiloma	 CIN1	 CIN2	 CIN3	 Total
	 (metaplasia)
	 ---------------------------	 --------------------------	 -------------------------	 --------------------------	 ----------------------	 -----------------------
	 No.	 %	 No.	 %	 No.	 %	 No.	 %	 No.	 %	 No.	 %

p16INK4a-negative	 6	 18.75	 16	 50.0 	 8	 25.0	   2	 6.25	 -		  32	 100
p16INK4a-positive	 -		    8	 32.0 	 4	 16.0 	 10	 40.0	 3	 12	 25	 100
Total	 6	 24	 12	 12	 3	 57

Statistical analysis for <CIN2 vs. CIN2+ (p=0.00033).

Table IV. Cytological and histological follow-up (F-U) of ASC-US patients (Group 2).

	 Negative F-U	 Positive F-U	 Total
	 -----------------------------------------	 ---------------------------------------	 -----------------------------------------
	 No.	 %	 No.	 %	 No.	 %

p16INK4a-negative	 30	 100	 -		  30	 100
p16INK4a-positive	   9	   60	 6a	 40	 15	 100
Total	 39	 6	 45

aAll the six positive cases were LSIL and CIN1 lesions. Statistical analysis for positive vs. negative F-U (p=0.00113).
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present results were similar to the literature data (39.3% of 
ASC-US and 40.2% of LSIL cases).

Our data indicated that all of the p16INK4a-negative 
ASC-US cases and 94% of the p16INK4a-negative LSIL 
patients who underwent biopsy corresponded histologically to 
metaplasia or low-grade lesions (NPV for CIN2+ of 100% in 
ASC-US and 94% in LSIL cytology) with no detected CIN3 
lesions. These results confirm the high-negative predictive 
value of p16INK4a, as previously pointed out in studies by 
Hariri and Oster (21) and Rocha et al (22). In addition, we 
substantiated that such a negative predictive value can also be 
extended to the 1-year follow-up for patients who have posi-
tive cytology and negative colposcopy at enrollment (NPV for 
CIN2+ of 100% for ASC-US patients and NPV for CIN2+ of 
78% for LSIL patients after a 1-year period). Thus, p16INK4a 
may play an important role in the diagnostic-prognostic 
management of p16INK4a-negative ASC-US patients; in fact, 
these patients not only did not have high-grade intraepithelial 
lesions at the initial evaluation, but also did not develop them 
during the 1-year follow-up.

The PPV was not as high as the NPV. However, 50% of the 
positive ASC-US and 52% of the p16INK4a-positive LSILs 
(with a positive colposcopy) were correlated with histologi-
cally confirmed high-grade intraepithelial lesions. Only 40% 
of the ASC-US, but 72% of the p16INK4a-positive LSIL 
patients (without colposcopic evident lesions at enrollment) 
had a positive Pap test within 1 year, and 39% of the latter had 
histologically confirmed high-grade lesions. Thus, the cyto-
morphological aspect of a low-grade squamous intraepithelial 
lesion, in association with positive p16INK4a, indicates the 
need for strict follow-up of these patients (21,23). Negri et al 
identified p16INK4a as a marker for the risk of progression, 
by determining that p16INK4a was positive in 74.2% of CIN1 
that had progressed to CIN3 (23).

Our study confirmed the premise that p16INK4a positivity 
is a marker of high-grade histological intraepithelial disease 
of the uterine cervix. The identification of the overexpression 
of p16INK4a, a regulatory protein of the cellular cycle, in 

fact, is able to identify those women who have an underlying 
high-grade cervical intraepithelial neoplasia in the subgroup 
of patients with HR HPV ASC-US or LSIL cytology, allowing 
the stratification of such patients in different risk groups. 
This can be explained by the fact that p16INK4a expression 
offers insight into the biology of the lesion, whereas cytology 
is limited to an evaluation of the surface of the epithelium 
at a particular moment, and may not show the higher grade 
lesions that may be present in the underlying epithelial layers 
(24,25). In fact, p16INK4a has been used in the triage to iden-
tify high-grade cervical intraepithelial neoplasia in women 
with ASC-US and LSIL cytology (26).

On the other hand, the two p16INK4a-negative CIN2 at 
enrollment (Table III) and the two p16INK4a-negative CIN2 
at follow-up (Table V) may be interpreted as intraepithelial 
cervical lesions diagnosed at a particular moment of their natural 
history. These lesions may represent a biotype more similar to 
low-grade lesions rather than lesions that progress to CIN3.

There is increasing awareness that not all CIN2 lesions are 
‘pre-cancer’. A significant portion of CIN2 lesions represents 
regressive lesions. It is estimated that approximately 40% of 
these lesions regress over a 2-year period (27,28). The regres-
sion is more likely in young women under 30 years of age, 
whose lesions involve only one cervical quadrant with type one 
transformation zone, without any colposcopic sign of severity, 
and whose cervical smear and biopsy results are concordant 
(28). It is also worth mentioning that CIN2 is the least repro-
ducible of all cervical diagnoses that have a high inter- and 
intra-observer variability (29). In fact, p16INK4a may be a 
useful marker for a more precise biological classification of 
these ‘transient lesions’ (CIN2). To substantiate this, Bergeron 
et al demonstrated that p16INK4a significantly increased the 
inter-observer concordance and the diagnostic accuracy of 
high-grade intraepithelial neoplasia (30). In addition, immuno-
histochemical staining for p16INK4a was found to be a useful 
and reliable diagnostic adjuvant in CIN2+ histology (31,32) 
and in cases of a discrepancy between a positive Pap test and 
a negative biopsy (33).

Table V. Cytological and histological follow-up (F-U) of LSIL patients (Group 2).

	 Negative F-U	 Positive F-U	 Histological results	 Total
	 --------------------------------	 ---------------------------------------		  -------------------------------
	 No.	 %	 No.	 %		  No.	 %

p16INK4a-negative	 25	 78.1	 6 LSIL	 18.8	 4 Condilomas	 32	 100
					     1 CIN1
					     1 CIN2
	 --------------------------------------------------------------------------------------------
			   1 HSIL	   3.1	 1 CIN2
p16INK4a-positive	 5	 27.8	 8 LSIL	 44.4	 2 Condilomas	 18	 100
					     4 CIN1
					     2 CIN2
	 --------------------------------------------------------------------------------------------
			   5 HSIL	 27.8	 3 CIN2
					     2 CIN3
Total	 30	 20	 50

Statistical analysis for positive vs. negative F-U (p=0.0014).
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In conclusion, a negative result for p16INK4a is, consis-
tently, a marker of the absence of a high-grade CIN. Because 
of this high-negative predictive value, demonstrated both in the 
literature (21,33-35) and by our data, particularly in ASC-US 
cytology, the p16INK4a test should be included in the clinical 
diagnostic flow chart in order to identify patients with low or 
no risk of progression.

The introduction of an additional new test for the manage-
ment of an abnormal Pap test may increase costs, yet it may 
decrease costs by prolonging follow-up intervals, avoiding 
unnecessary exams and reducing possible over-treatment. 
Management of the p16INK4a test and its clinical use should 
not, however, be left to the choice of a ‘general’ clinician, as this 
could result in a multitude of unnecessary tests. Patients must 
be directed to second level centers for the correct management 
of the disease.

We must, however, point out that the colposcopic exam 
remains the milestone in the management of an abnormal Pap 
test and, independently from the results of the p16INK4a, it 
allows visualization of a small group of negative p16INK4a 
high-grade cervical lesions that could follow different cancer-
ogenetic pathways (36).

Our data confirm that for the clinical management of pre-
neoplastic pathology of the uterine cervix it is necessary to 
acquire not only phenotypical data (by cytology, colposcopy 
and histology), but also bio-molecular data (p16INK4a). This 
allows an image of a lesion with a higher level of accuracy at a 
specific moment of its natural history.

In conclusion, p16INK4a, especially its NPV, may be 
used as an integrated diagnostic tool with added prognostic 
value in the prediction of the clinical outcome of cervical pre-
neoplastic lesions.
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