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SUMMARY 
Treatment of cervical intraepithelial neoplasia (CIN) lesions 

heavily depends on CIN grade. However, intra- and inter-

observer reproducibility of CIN-grading is not perfect and 

over- or under-treatment can be the result. Recent 

developments have shown that p16, MIB-1, p53 and 
Retinoblastoma protein, and, to a lesser degree cytokeratins-

14 and 13, are useful criteria for diagnosis, grading and 

assessment of progression and regression, greatly exceeding 

the value of classical grade. As a result, both early CINs and 

CIN-3s that regress and progress can be accurately identified. 

For accurate results, it is essential that the biomarkers are 

determined by quantitative image analysis techniques, and 

separately in the superficial, middle and deep layers 

(excluding the basal layer) of the cervical epithelium. 

Quantitative biomarker analysis of CIN lesions is an important 

tool in daily surgical pathology practice. 
 



INTRODUCTION 
Treatment of cervical intraepithelial neoplasia (CIN) lesions 

heavily depends on CIN grade. However, for pathologists, the 

grading of CIN is problematic (1) as  intra- and interobserver 

reproducibility of CIN-grading is not perfect (2-7). There are 

also difficulties in reliably distinguishing CIN from non- 

neoplastic lesions and over- or under-treatment can be the 

result (8-9). These points indicate the need  for adjuvant 

methods for the distinction of CIN from non-neoplastic 

lesions, the identification of different CIN grades and  the 
ability to predict the risk of  progression of early CIN1 and 

2 lesions ("early CIN").  

 As CIN involves progressive dysfunction of proliferation 

and differentiation activity of cervical epithelial cells, 

over the past decade we have concentrated on studying the 

value of proliferation and differentiation related features 

(10-18). Without doubt, p16 and Ki-67 (MIB-1) are the most 

widely available, robust, stable and strongest predictive 

biomarkers currently available for the handling of CIN lesions 

(19-22).  This paper summarizes current knowledge and gives 

practical guidelines for the use of the most important 

biomarkers in daily surgical pathology practice.  

 

CIN AND HPV 

Persistent infection with high-risk human papilloma virus 
(hrHPV) is necessary in the evolution of cervical carcinomas 

and its precursors (23-32). Many believe that there is no CIN 
without HPV and that previous publication of HPV negative CINs 

is the result of poor methodology or material used. The viral 

load may be an important predictor of the development of a CIN 

lesion. Large, world-wide vaccination programs are  in 

progress with promising results. 

 HPV is very infectious and has been found not only in the 

cervix, but also in the vagina, vulva, peri-anal region, 

urethra and even in tampons (33). HPV can enter only the 

(para)basal cells of the cervical epithelium, not the 

superficial cells. Thus, infection requires small trans-



epithelial micro-traumas of the cervical epithelium. HPVs 

enter the cells, resulting in slightly increased 

proliferation. However, only when HPV integrates in the host 

genome is the cellular metabolism of the epithelial cells 

dramatically changed. This causes increased proliferation and 

decreased differentiation. These morphologically abnormal 

cells  migrate towards the surface (just as normal cells do) 
but without maturation. The dysplastic cells are estimated to 

arrive at the surface within 1-3 weeks and then desquamate.  

 Morphologically, the changes are visible as decreased 

upward maturation and proliferation (mitoses above the level 

of the parabasal cells). Depending on the height of the 

changes, CIN lesions are divided into CIN-1 (changes up to 

1/3rd of the epithelial thickness), CIN-2 (up to 2/3rd) and CIN-

3 (upper 1/3rd). 

   

Ki-67 CELL CLUSTERS  

TO DISTINGUISH CIN AND REACTIVE LESIONS 
In agreement with Pirog et al (22), we have concluded that 

evaluation of MIB-1 positive cell clusters (=MIB-C) MIB-C is a 

strong diagnostic adjunct in distinguishing CIN from normal or 

benign reactive cervical squamo-epithelial lesions (16). 

However, to prevent overdiagnosis, MIB-1 positive tangentially 

cut parabasal cells, inflammatory cells and immature 

metaplasia must be carefully excluded. 

 

Ki-67 AND CIN GRADE 
Ki67 immunoquantitation is important for grading support in 

CIN (17, 18). The 90th percentile of the stratification index 

(Si90) and the number of positive nuclei per 100 µm basal 
membrane is the best discriminating set of features to 

distinguish the three CIN grades at the same time. Some CIN-1 

cases that were initially "misclassified", show, on re-cut of 

the paraffin blocks, a higher CIN grade while the other CIN 1 

cases that were correctly classified with Ki67 quantitation 

remained CIN1 in the deeper cuts. In a subsequent prospective 

evaluation on 121 routine CIN cases (test set), agreement 



between routine CIN grades (by 6 independent different 

pathologists) and quantitative Ki67 classification was 78%. 

However, when compared with the blind review of CIN grades  by 

two expert pathologists, agreement was 97% and sensitivity, 

specificity, positive and negative predictive value were very 

high. Ki67 immunoquantitation is, therefore, a useful 

diagnostic adjunct to distinguish different CIN grades and may 
also be a sensitive biologic indicator of progression of 

seemingly low grade CIN. Ki67 immunoquantitative parameters 

are also correlated with the presence of hrHPV in CIN lesions. 

All cases with Ki67 Si90>O.60 are hrHPV positive; subjective 

impressions of Si90 are not as accurate or reproducible as 

quantitative image analysis results (17). 

 

BIOMARKERS AND BIOLOGICAL AGGRESSION OF EARLY CIN LESIONS 
Koilocytosis 

Regression and progression depends on CIN grade, but the 

prognostic accuracy of CIN grade is not impressive (34). 

Koilocytosis is often regarded by pathologists as an 

additional sign  of CIN aggression. However, our analysis of 

the course of the original early CIN lesion (as 

progression=increase of grade by at least 1, or not) showed 

that patients with koilocytosis had a significantly lower 
likelihood  of progression. Moreover, in agreement with other 

studies, koilocytosis among observers was not well 

reproducible,  indicating the need  for alternative well 

reproducible and accurate prognostic features (14). 
MIB-1  

MIB-1 in small histological (marker) biopsies is the strongest 

single prognosticator in early CIN lesions to predict 

progression to CIN-3. Cox regression analysis showed that the 

percentage of Ki67 positive cells located in the middle third 

layer of the epithelium (MIDTHIRD) and Si90 is the best 

combination to predict progression. Furthermore, sensitivity 

(100%), specificity (56%), positive predictive value (23%), 

negative predictive value (100%) and overall percentage 
correctly classified cases (61%) of this Ki67 combination is 



higher than that of subjective CIN grade or HPV status, either 

single or combined (both for routine and review CIN grades) 

(15). These results were promising. However, following Good 

Laboratory Practice standards (35, 36), a diagnostic, 

prognostic or predictive result in one group of patients must 

be validated in at least one  independent test set of new 

patients. Application of the prognostic Ki67 combination 
obtained in the learning set, to a new test set of consecutive 

CINs gave comparable results. Ki67 immuno- quantitation of 

small histological CIN1 and CIN2 biopsies has strong 

independent prognostic value for progression.  

 The sets for learning and testing came from the same 

laboratory.  The question was whether interlaboratory 

differences in tissue processing and staining of the sections 

influence the Ki67 features. In the development of a clinical 

laboratory test with potentially therapeutic consequences, it 

has been claimed that the laboratory test under development 

must be evaluated in another laboratory, without changing the 

decision thresholds of the relevant test features (35, 36). We 

therefore evaluated the Ki67 prognostic test in material from  
a laboratory in another country (Norway). Inevitably, 

differences in the processing and staining procedures exist 

between the Dutch and Norwegian laboratories. Each Norwegian 

patient in the new test set was classified as Ki67- model 

"Iow-risk" or "high-risk" (Si90 and MIDTHIRD), without 

changing the prognostically essential thresholds (see above) 

and then matched with the follow-up.  Again the combination of 

MIDTHIRD and Si90 was highly significant (p<0.001, figure 1p) 

(15).   

 The next phase in the  development of a prognostic 
laboratory test is prospective validation when the method is 

used routinely. This is probably the roughest phase for a 

laboratory test, as it  is again inevitable that variations 
will be induced with routine use by technicians, even though 

the measurement and interpretation protocol is well defined. 

In spite of this, again, the Ki67 prognostic model was 

strongly predictive for CIN3 in the follow-up, whereas the 



routine CIN grade was not (12).  
 

Prognostic value of Ki-67 and other biomarkers in early CIN 

lesions 

We have further analysed, in p16-positive early CINs with Ki67 

cell clusters above the lower third epithelial layer (two 

features that are diagnostic for CIN, see above), the 
usefulness of quantitative Ki67 parameters, the cell cycle 

regulators Retinoblastoma protein pRb, p53, Cyclin-A, -E and -

D, p16, p21, p27 and telomerase, and the cellular 

differentiation products involucrin, CK13, and CK14 (amongst 

other CKs). As the cervical epithelium is a dynamic structure, 

with cells being borne in the parabasal layer and then, in 1-3 

weeks, maturing and  migrating  to the surface (where they are 

desquamated), all features were separately analyzed in the 

basal, deeper and upper half of the epithelium, using 

quantitative techniques. Progressors showed decreased Rb, 

CK13, CK14, and involucrin, but increased p21 and p27. Ki67-
Si90 and Rb in the lower half of the epithelium (RbDeep) were 

the strongest multivariate independent progression predictors. 
Ki67-Si90>0.57 was unfavorable (progression risk=30%), but 

only if RbDeep<45% (progression risk=47%). All combined 

Si90>0.57 + RbDeep>45% or any Ki67-Si90 value below 0.57 were 

non-progressors (figure 2). In the high-risk progression 

subgroup (Ki67-Si90>O.57+ RbDeep<45%, 47% progression), CK13 

and CK14 have additional prognostic value. All cases with 

combined CK14<50% and CK13<80% (both in the basal cell layer) 

(4% of all lesions) progressed. Thus, quantitation of combined 

Ki67, Rb, CK13 and CK14 gives accurate information about the 

progression risk of early CIN lesions (13). The results are 

summarized in the prognostic decision scheme shown in Figure 

2.  

On the basis of these findings, we have developed a model for 
the development and discourse of an early CIN lesion (Figure 

3). It is hypothesized that hrHPV E7 expression reduces Rb, 

causing increased and upward proliferation (Si90>O.57). 

Increased RbDeep can reduce proliferation, and subsequently  



reduce the upward spread of Ki67 positivity (decreased upward 

proliferation).  

 
How to handle and interprete biomarker patterns in an early 

CIN lesion 

On the basis of the above, we came to the following 

recommendations for the daily handling of a cervical biopsy in 
a surgical pathology laboratory, in the realm of the analysis 

of an early CIN lesion:  

1. Analyse the diagnostic hematoxylin-eosin stained section, 

for routine evaluation.  

2. Based on recent literature studies and our own routine use 

of p16 (unpublished results), scan the serial section stained 

for p16, to identify diffusely positive squamous areas. These 

are nearly always dysplastic (false positive p16 is very rare 

and easily recognized). The underlying cause of p16 positivity 

is very often hrHPV positivity of the p16 positive squamous 

cells.  

3. Evaluate the next serial section further with Ki67.  Ki67-

positive cell clusters further indicate CIN.  
4. Perform quantitative Ki67 analysis, for objective grading 

support and progression risk indication in case of CIN1 and 

CIN2. If Ki67 Si90 exceeds 0.57 and/or MIDTHIRD exceeds 30%, 

the likelihood  of  CIN3 in the follow- up is high (30%).  

5. Then, in the subsequent section stained for Retinoblastoma 

protein (Rb), analyze the Rb positivity of nuclei in the lower 

half of the epithelium.  

6. Interprete the results as follows. If the combination of 

Ki67-Si90>0.57 occurs together with Rb<40%, progression risk 

in CIN1 and CIN2 is very high (about 50%). Figure 2 

illustrates this graphically. All other patients have a 

progression risk close to 0%. Moreover, in the high-risk 

subgroup, combined CK13<80% and CK14<50% identifies patients 
with an excessively high progression risk (Figure 3). In the 

other patients the cytokeratins are not informative. 

 



CIN-3 (HSIL) AND BIOMARKERS 

If untreated, the majority of cervical biopsies with high-

grade squamous intraepithelial lesions (HSIL, CIN-3) will 

persist (as demonstrated by an HSIL in a follow-up biopsy), 

but approximately one-third will naturally regress (i.e., no 

HSIL detected on follow-up) (34). Consequently it is standard 

practice of care to ablate all HSILs. It would, therefore, be 

of clinical value if one could identify those HSILs that would 

regress. 

We have recently analyzed a number of biomarkers to identify 
factors related to histological proven persistence or 

regression. Special attention was paid to p53 and pRb in 
biopsies as potential markers for hrHPV E6 and E7 function 

(35). Paraffin blocks taken from consecutive small cervical 

(diagnostic or marker) 4% buffered formaldehyde fixed biopsies 

for histological assessment (n=376) (routinely taken for 

abnormal cytological smears) and diagnosed as HSIL, were 

studied. Initial diagnostic marker biopsies that were large 

cone biopsies or Large Looped Excision of the Transformation 

Zone (=LLETZ) were not included in the study, as the CIN 

lesion is often widely excised with this procedure. The 

analysis was therefore limited to cases where the initial 

sample was a small diagnostic histological biopsy. The 
gynecologists who did the follow-up (colposcopy, biopsies) of 

the patients were unaware that the current study would be 

undertaken and hence  were unaware of  the results. Follow-up 

and treatment of the patients was done according to the 

national Norwegian treatment guidelines of patients with HSIL  

(see www.legeforeningen.no), as follows. When the diagnosis 

HSIL was made, all patients were offered a  prompt follow-up 

LEEP or conisation under colposcopic visualization.  

Consequently,  nearly all the follow-up biopsies (LEEPS or 

cones) were taken within a few weeks (median: 32 days) after 

the original HSIL diagnosis. This short-term intervention 

would exclude the possibility  of studying the natural 

discourse of an HSIL lesion. However, for a variety of reasons 
the interval was much longer in the 28 patients analyzed. The 



reason for this was always patient driven: social reasons, 

work obligations, or planned holidays  and so on. There were 

no medical indications to delay the biopsy as all patients 

with a histological diagnosis of HSIL were offered to be 

treated as soon as possible (i.e., with a wide (LEEP or cone) 

excision under colposcopic visualization). The follow-up 

treatment of the 28 study patients did not differ from that of 
the other HSIL patients. Thus, although the 28 study patients 

had a much longer follow-up biopsy interval than the other 

patients, their initial diagnostic marker biopsies were the 

same as in the other CIN-3 cases with a shorter interval. 

Likewise, they were also similarly treated  with LEEP or cone 

biopsy, ensuring certainty whether the lesion persisted or 

regressed. Moreover, after the colposcopic follow-up biopsy, 

the patients were cytologically followed each 6 months. None 

of the regression cases after the follow-up biopsy developed 

cytological signs of occult persistent HSIL (median 

cytological follow-up time: 10.4 months, range: 5-23). 

As mentioned, follow-up biopsies to determine 

progression, persistence or regression were included in the 
study only if they had been collected at least one hundred 

days post the diagnostic biopsy. This interval is important 

for the evaluation of the degree of dysplasia in the follow-up 

biopsy as the taking of the diagnostic biopsy procedure causes 

considerable damage in the cervix and consequently a local 

strong inflammatory and repair response. It is well known that 

this reaction without other superimposed infection is complete 

after approximately 3-6 weeks. Within this interval, there is 

a serious risk that dysplastic remnant lesions are over-

diagnosed, due to the superimposed reactive changes in the 

epithelium. In order to minimize this risk, we excluded 

biopsies taken shortly after the initial biopsy, and only 

included those with an interval of at least one hundred days 
between the marker and follow-up biopsy. This was also 

practical as nearly all follow-up biopsies were taken either 

before 8 weeks or after 3 months. There were no detectable 

systematic reasons for the variation in the biopsy intervals. 



This left 28 cases from the original sample for further 

analysis. In these, the presence and extent (in millimeters) 

of the HSIL and the resection margins were assessed.  
All lesions were high-risk (hr) HPV and p16 positive, 63% for 

HPV-16 or HPV-16 mixed with other hr genotypes, whilst 37% had 

other hrHPV types. The marker biopsies of the persistent HSILs 

had lower p53 and Retinoblastoma protein (pRb) detected in the 

deep half of the epithelium (P=0.001 and 0.02 respectively) 

than non-persistent HSILs. The degree of positivity of p16, 

Ki-67, CyclinD1, lesion extent, positivity of the resection 

margins and patient age were all unrelated to persistence or 

regression. Lesions with HPV-16 or mixed-16 genotypes had a 

significantly lower percentage of pRb (p=0.02), p53 (p=0.02) 

and Cyclin-D (p=0.04) positive nuclei in the deep epithelial 

layers. In agreement with this, type-16 positive HSIL lesions 

had a lower regression percentage than those with other HPV 

types, but the difference was not significant. We concluded 

that HSILs with combined negativity/low positivity for p53 and 

pRb protein in small histological biopsies are highly likely 

to persist, contrasting those in which one of these cell-cycle 

regulators is strongly positive (p53>15%, pRb>40%). 
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Figure 1. Top: Scatter plot and Bottom: Kaplan-Meier curve showing the percentage of 

patients with progression for the low-risk (blue circles and blue dotted line) and high-risk 

patients (red triangles and red continuous line) according to the Ki67 progression-risk model.  
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Figure 2. Scatterplot of the 90th percentile of the Stratification Index of the Ki67 positive 

nuclei and the % Rb positive nuclei in the deep half layer of the epithelium.  
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Figure 3. Progression Rates of different Ki67/RbDeep/CK13/CK14 

combinations.  
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