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Abstract
Treatment guidelines differ for young women with Cervical Intraepithelial Neoplasia (CIN) 2 lesions on biopsy depending 
on their desire for future pregnancy. Therefore, we investigated the utility of using P16 and Ki-67 immunohistochemical 
stains on cervical biopsies diagnosed with CIN 2 to determine the outcome on subsequent excisional specimens. The 
study included 22 patients, with a mean age of 34 years and an age range from 20 to 51 years. Positive staining for p16 was 
identified in 21/22 patients. The subsequent excisional pathology of these 21 patients with strong diffuse staining showed 
that 1 had invasive squamous cell carcinoma, 9 had CIN 3, 6 had CIN 2 or CIN 1-2, 2 had CIN 1, and 3 had no CIN lesion. 
The only patient with patchy p16 staining on cervical biopsy had CIN 3 on cone biopsy. The Ki-67 index was negative in 
18/22 patients and positive in 4/22 patients. The Ki-67 index was negative in 5/5 patients with CIN 1 or no CIN lesion on 
subsequent excisional pathology and 13/17 patients with CIN 2 or CIN 3 on follow up excisional pathology. The 4 patients 
with a positive Ki-67 index all had CIN 2 or CIN 3 on follow up excisional pathology. Thus, we conclude that P16 and Ki-67 
immunostaining was not found to be useful in triaging women with CIN 2.
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Introduction
Human Papillomavirus (HPV) is a double stranded 

DNA virus with over 150 subtypes. Infection with some 
of these subtypes, most commonly HPV 16 and HPV 18, 
can lead to cancer in multiple body sites, including the 
cervix, vagina, vulva, penis, anus and oropharynx. The 
Centers for Disease Control and Prevention reported 
that HPV is the cause of over 90% of cervical cancers [1].

HPV infects skin and mucosal surfaces, and after 
infection it can cause squamous epithelium to undergo 
premalignant changes that can eventually lead to Squa-
mous Cell Carcinoma (SCC). The progression from pre-
malignant HPV driven lesions to SCC does not occur in 
all patients. Although a significant portion of CIN 2 cases 
progress to CIN 3, regression of CIN 2 is not uncom-
mon. A study by Nasiell, et al. [2] reported that 54% of 
CIN 2 cases regressed, 16% persisted, and 30% cases pro-
gressed to CIN 3. As of yet, there is no definitive way to 
determine which CIN 2 lesions will progress and which 
will regress.

The Lower Anogenital Squamous Terminology (LAST) 
Standardization Project for HPV-Associated Lesions 
recommended that cervical HPV-associated squamous 
lesions be called Low-Grade Squamous Intraepithelial 
Lesion (LSIL) and High-Grade Squamous Intraepithelial 
Lesion (HSIL), and that these lesions may be further sub-
classified as CIN 1, CIN 2, or CIN 3 [3]. The American 
College of Obstetricians and Gynecologists and Amer-
ican Society  for  Colposcopy  and  Cervical  Pathology 
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guidelines recommend that young women with CIN 2 
lesions on biopsy can be treated with either observation 
(if they desire future pregnancy) or excision/ablation of 
the transformation zone [4,5]. Thus, it will be of great 
clinical significance to look for biomarkers which can 
predict the clinical outcome and guide the management 
of CIN 2.

It has been previously proven that the use of the im-
munohistochemical stains p16 and Ki-67 can improve 
the diagnostic accuracy of CIN 2 and CIN 3 [6-10]. 
In addition, in the LAST Standardization Project for 
HPV-Associated Lesions it is recommended that p16 
immunohistochemistry should be used when a cervical 
biopsy is histomorphologically a CIN 2 in order to help 
determine if the lesion should be considered a low or a 
high grade lesion [3]. Therefore, we postulated that p16 
and Ki-67 stains may have predictive value in patients 
with cervical biopsies with CIN 2.

Materials and Methods
The NYU Hospital laboratory information system 

was searched for cervical biopsy cases with a histological 
diagnosis of CIN 2 that were accessioned between 2004 
and 2010; these dates were randomly chosen in order to 
obtain enough cases. Cases were included in this study if 
there was a subsequent excisional specimen (Loop Elec-
trosurgical Excision Procedure [LEEP] or Cone Biopsy), 
and cases were excluded from the study if the dysplastic 
area was no longer present in deeper levels obtained for 
immunohistochemical stains.

Immunohistochemical stains for p16 and Ki-67 were 
performed on adjacent 4-µm sections of formalin-fixed, 
paraffin-embedded. The primary antibodies were unconju-
gated monoclonal mouse anti-human p16 INK4a (Ventana 
Medical Systems, Tucson, AZ) and unconjugated rabbit an-
ti-human Ki67 clone SP7 (Lab Vision, Waltham, MA).

The p16 immunohistochemical stain was graded as 
follows: The p16 stain was considered positive if there 
was diffuse and strong staining (continuous strong nu-
clear or nuclear plus cytoplasmic staining of the basal 
and parabasal cell layers) and all other patterns were 
considered negative [11].

A previous study showed that a combination of the 
quantity and distribution of Ki-67 positive cells within 
the squamous epithelium correlated with whether the 
cervical biopsy was LSIL or HSIL. The Ki-67 immuno-
histochemical stain was graded as follows: The Ki-67 in-
dex was considered positive if the squamous epithelium 
had at least a 30% index in either the basal layer or the 
upper 1/3 of the squamous epithelium (associated with 
HSIL), and all other staining patterns were considered to 
be negative (associated with LSIL) [12].

Results
A total of 22 patients qualified for the study, with a 

mean age of 34 years and an age range from 20 to 51 
years. The average time interval between the initial cervi-
cal biopsy and the subsequent excisional procedure was 
approximately 2 months and the range was from 1 to 4 
months. The follow up excisional pathology demonstrat-
ed at least CIN 2 in 17/22 patients, and CIN 1 or no CIN 
lesion in 5/22 patients.

Table 1: This table compares the results of the immunohis-
tochemical stains P16 and Ki67 performed on the cervical bi-
opsies diagnosed with CIN 2 with the subsequent excisional 
specimen diagnosis.

Subsequent excisional 
specimen diagnosis

P16 results Ki67 results

CIN 2-3 Positive Negative
CIN 2-3 Positive Negative
CIN 1-2 Positive Negative
CIN 3 Negative Negative
Condyloma, No dysplasia Positive Negative
CIN 2-3 Positive Negative
CIN 1 Positive Negative
CIN 1 Positive Negative
CIN 1-2 Positive Negative
CIN 1-2 Positive Negative
CIN 3 Positive Negative
CIN 2-3 Positive Negative
No dysplasia Positive Negative
CIN 2-3 Positive Negative
CIN 2 Positive Negative
CIN 3 Positive Positive
CIN 2 Positive Positive
CIN 2-3 Positive Positive
CIN 2-3 Positive Negative
CIN 2 Positive Positive
No dysplasia Positive Negative
CIN 3 Positive Negative

         

Figure 1: Positive P16 immunohistochemical stain in cervi-
cal biopsy diagnosed with CIN 2 (200×).
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In our study 4/4 patients with positive Ki-67 indices 
had at least CIN 2 on follow up excisional pathology; 
however, only a small number of cases had a positive Ki-
67 index, and thus further study is needed to determine 
the significance of this finding. A negative Ki-67 index is 
not specific and does not indicate a greater likelihood of 
regression or progression on subsequent excisional pa-
thology. In our study 5/5 patients with CIN 1 or no CIN 
lesion on follow up excisional pathology had negative 
Ki-67 indices, but 13 patients with negative Ki-67 indi-
ces had at least CIN 2 on follow up excisional pathology.

Previous studies have found that both Ki-67 and p16 
have predictive value for cervical biopsies.

A prior study by Kruse, et al. [13] showed that quan-
titative Ki-67 index measurements were better than the 
histologic CIN classification system at predicting subse-
quent CIN 3 on follow up procedures when the initial 
biopsy was diagnosed as CIN 1 (25 cases) or CIN 2 (65 
cases). The study used the QPRODIT (version 6.1) inter-
active image analysis system to evaluate the Ki67 index 
in the middle third layer of the squamous epithelium. 
The study found that when using the quantitative Ki67 
model 0/40 “Ki67-model low-risk” patients progressed 
to CIN 3, in contrast to 15/50 (30%) “Ki67-model high-
risk” patients progressed to CIN 3 (p < 0.001). The study 
also found that subjective estimations of Ki67 were also 
prognostic, but not statistical significance (p = 0.06)

A study by Miralpeix, et al. [14], that included 123 
patients, showed that CIN 3 in a LEEP can be predicted 
by a Ki-67 index of > 50% in a previous cervical biopsy 
diagnosed as CIN 2 (p = 0.043). In addition, this study 
also found that evaluation of p16 and Ki67 by thirds of 
the epithelial thickness in CIN 2 cervical biopsies did not 
correlate significantly with subsequent LEEP results.

In contrast to the result of our study, a prior study 
by Omori, et al. [15] showed that evaluating the immu-
nohistochemical stain p16 and high-risk HPV In-Situ 
Hybridization (ISH) expression patterns in cases of CIN 
2 may be useful in predicting progression. This study in-
cluded 52 cases of CIN 2 diagnosed via cervical biopsy 
and found that stronger p16 immunohistochemical ex-
pression and a higher frequency of high-risk HPV ISH 
punctate nuclear signal expression significantly correlat-
ed with progression of CIN 2 to CIN 3.

The different studies may have different results because 
of different immunohistochemical staining procedures, 
different immunohistochemical antibody clones, inter-pa-
thologist variability in diagnosing CIN 2, and the differing 
abilities of gynecologists to obtain cervical biopsies from 
the location of the lesion [16-18]. Standardization of these 
factors may be necessary before P16 and Ki67 can be ap-
plied as a predictive tool across many laboratories.

Positive staining for p16 was identified in 21/22 pa-
tients (Figure 1). At least 50% of the height of the epithe-
lium was stained in 21/21 cases and the entire epithelium 
was stained in 15/21 cases. The subsequent excisional pa-
thology of these 21 patients with strong diffuse staining 
showed that 1 had invasive squamous cell carcinoma, 9 
had CIN 3, 6 had CIN 2 or CIN 1-2, 2 had CIN 1, and 3 
had no CIN lesion. The only patient with negative p16 
staining on cervical biopsy had CIN 3 on subsequent ex-
cisional pathology (Table 1).

The Ki-67 index was negative in 18/22 patients and 
positive in 4/22 patients (Figure 2). The Ki-67 index was 
negative in 5/5 patients with CIN 1 or no CIN lesion on 
subsequent excisional pathology and 13/17 patients with 
CIN 2 or CIN 3 on follow up excisional pathology. The 
4 patients with a positive Ki-67 index all had CIN 2 or 
CIN 3 on follow up excisional pathology (Table 1). The 
staining pattern in the 4 positive patients are as follows: 
2 had staining only in the upper 1/3 of the squamous 
epithelium, 1 had staining only in the basal layer of the 
squamous epithelium, and 1 had staining in both the up-
per 1/3 and the basal layer of the squamous epithelium. 
The Ki-67 indices were all around 30-40%, except 1 case 
that had a Ki-67 index of 70%.

Discussion
Our study found that p16 immunohistochemistry 

is unable to predict subsequent excisional pathology 
findings in patients with cervical biopsies with CIN 2. 
A positive staining pattern for p16 was seen in almost 
all (21/22) biopsies with CIN 2. Only one biopsy lacked 
such expression, and the subsequent excisional pathol-
ogy was diagnosed as CIN 3. Thus, in our study, nearly 
all of the biopsies stained positive with P16 and thus it is 
not a useful test.

         

Figure 2: Positive Ki67 immunohistochemical stain in cervi-
cal biopsy diagnosed with CIN 2 (200×).
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