
  981van Zummeren M, et al. J Clin Pathol 2018;71:981–988. doi:10.1136/jclinpath-2018-205271

Three-tiered score for Ki-67 and p16ink4a improves 
accuracy and reproducibility of grading CIN lesions
Marjolein van Zummeren,1 Annemiek Leeman,2 Wieke W Kremer,1 
Maaike C G Bleeker,1 David Jenkins,2 Miekel van de Sandt,2 Daniëlle A M Heideman,1 
Renske Steenbergen,1 Peter J F Snijders,1 Wim G V Quint,2 Johannes Berkhof,3 
Chris J L M Meijer1

Original article

To cite: van Zummeren M, 
Leeman A, Kremer WW, 
et al. J Clin Pathol 
2018;71:981–988.

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
jclinpath- 2018- 205271).

1Department of Pathology, 
Cancer Center Amsterdam, 
VU University Medical Center, 
Amsterdam, The Netherlands
2DDL Diagnostic Laboratory, 
Rijswijk, The Netherlands
3Department of Epidemiology 
and Biostatistics, VU University 
Medical Center, Amsterdam, The 
Netherlands

Correspondence to
Professor Dr  Chris J L M Meijer, 
Department of Pathology, VU 
University Medical Center, 
Amsterdam 1007 MB, The 
Netherlands;  cjlm. meijer@ 
vumc. nl

PJFS died on 27 May 2018

AL and WWK contributed 
equally.

Received 14 May 2018
Revised 13 June 2018
Accepted 16 June 2018
Published Online First 
16 July 2018

© Author(s) (or their 
employer(s)) 2018. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

AbsTrACT 
Aims To investigate the accuracy and reproducibility 
of a scoring system for cervical intraepithelial neoplasia 
(CIN1–3) based on immunohistochemical (IHC) 
biomarkers Ki-67 and p16ink4a.
Methods 115 cervical tissue specimens were 
reviewed by three expert gynaecopathologists and 
graded according to three strategies: (1) CIN grade 
based on H&E staining only; (2) immunoscore based 
on the cumulative score of Ki-67 and p16ink4a only 
(0–6); and (3) CIN grade based on H&E supported by 
non-objectified IHC 2 weeks after scoring 1 and 2. The 
majority consensus diagnosis of the CIN grade based 
on H&E supported by IHC was used as the Reference 
Standard. The proportion of test positives (accuracy) 
and the absolute agreements across pathologists 
(reproducibility) of the three grading strategies within 
each Reference Standard category were calculated.
results We found that immunoscoring with positivity 
definition 6 yielded the highest proportion of test 
positives for Reference Standard CIN3 (95.5%), in 
combination with the lowest proportion of test positives 
in samples with CIN1 (1.8%). The proportion of test 
positives for CIN3 was significantly lower for sole H&E 
staining (81.8%) or combined H&E and IHC grading 
(84.8%) with positivity definition ≥CIN3. Immunoscore 
6 also yielded high absolute agreements for CIN3 and 
CIN1, but the absolute agreement was low for CIN2.
Conclusions The higher accuracy and reproducibility 
of the immunoscore opens the possibility of a more 
standardised and reproducible definition of CIN grade 
than conventional pathology practice, allowing a 
more accurate comparison of CIN-based management 
strategies and evaluation of new biomarkers to improve 
the understanding of progression of precancer from 
human papillomavirus infection to cancer.

InTrOduCTIOn
Cervical screening programmes are based on the 
detection and treatment of cervical precancer. 
Accurate colposcopy and histological assessment of 
cervical precursor lesions is essential to determine 
clinical management. Histologically cervical lesions 
are classified as cervical intraepithelial neoplasia 
(CIN) and categorised as CIN1, CIN2 or CIN3 
based on the extension of immature, dysplastic 
cells into the squamous epithelium above the basal 
layer (one-third to full thickness) and the severity 
of cellular abnormality. CIN3 is considered the 

most advanced precancerous lesion. Although CIN 
is classified into three grades, the development of 
CIN to cancer is a dynamic process and represents a 
morphological continuum.1

The diagnosis of the pathologist is subjective 
and based on personal experience, making use of 
histomorphological features in H&E stained slides 
alone or in combination with immunohistochemical 
(IHC) findings. The heterogeneity inherent in this 
subjective grading of CIN results in limited repro-
ducibility with moderate interobserver and intraob-
server agreement,2 3 and consequently has effects on 
treatment. Generally, CIN3 is treated by excision 
and CIN1 is managed conservatively. However, for 
CIN2 management differs between clinics, that is, 
either excisional treatment or close surveillance, 
because of the high regression rate of CIN2.4 5

Due to the moderate reproducibility of CIN 
grading, the WHO has introduced a two-tiered 
grading system in 2013,6 in which the term high-
grade CIN is used for CIN2 and CIN3, and 
low-grade CIN for CIN1. The diagnosis of high-
grade squamous intraepithelial lesion (HSIL) results 
in excisional treatment to prevent precancers devel-
oping into cancer. Consequently, this approach 
results in overtreatment of potentially non-pro-
gressive or regressive lesions. The USA adopted 
and recently optimised this two-tiered classification 
system,2 whereas most European countries adopted 
the CIN grading system.7 In the latter, prefer-
ably CIN2 should be divided into (early produc-
tive) CIN1-like and (late transforming) CIN3-like 
lesions.8

An IHC or biomarker-based classification system 
might improve the accuracy and reproducibility of 
grading CIN, and hence standardisation of diag-
nosis. This will allow comparison of the results 
of clinical management between centres for clin-
ical audit and also simpler comparison of alterna-
tive management strategies in clinical trials. Ki-67 
and p16ink4a are used widely to guide CIN grading 
by pathologists and expression of these markers 
increases with increasing CIN.2 5 9–16 Ki-67 staining 
in suprabasal and parabasal layers is an indicator 
of cellular proliferation, whereas diffuse p16ink4a 
staining occurs when p16ink4a is overexpressed as a 
result of functional inactivation of retinoblastoma 
protein by the human papillomavirus (HPV) E7 
protein. These are the consequences of a persistent 
cervical HPV infection and deregulation of E6 
and E7 oncogene expression in proliferating cells. 

http://www.pathologists.org.uk/
http://jcp.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/jclinpath-2018-205271&domain=pdf&date_stamp=2018-010-16
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Deregulation of E6 and E7 oncogenes causes chromosomal 
instability, which is the driving force for accumulation of (epi)
genetic aberrations in host cell genes and drives the progression 
of CIN lesions towards cervical cancer.8 17

In this study, we propose a classification system using the 
cumulative immunoscore value of Ki-67 and p16ink4a, compare 
accuracy and reproducibility of CIN grading based on this score 
to classical histomorphological and IHC CIN grading and show 
the benefits of this scoring system.

MeThOds
study population
In this retrospective cross-sectional study, we selected 115 
formalin-fixed paraffin-embedded cervical biopsy and large loop 
excision of the transformation zone (LLETZ) specimens guided 
by severity of the initial diagnosis (no dysplasia n=22; CIN1 
n=22; CIN2 n=27; CIN3 n=22; squamous cell carcinoma 
(SCC) n=22) from the files of the Pathology Department of the 
VU University Medical Center in Amsterdam, The Netherlands. 
The selected tissue blocks were anonymously processed for the 
purposes of this study. Ethical approval was waived according to 
the regulations in the Netherlands.18

Immunohistochemistry
All tissue blocks were cut to provide sections of 3 µm. The first 
and last sections were used for H&E staining to ensure the 
presence of the same cervical lesion, and in-between sections 
were used for immunostaining with mouse monoclonal anti-
bodies against Ki-67 antigen (DAKO, Clone MIB-1) or p16ink4a 
antigen (Roche, CINtec, Clone E6H4), using the automated 
IHC Ventana staining machine (Roche, Basel, Switzerland).

scoring of Ki-67
Nuclear Ki-67 staining in cells of the squamous epithelium was 
scored positive. Score 0 is a normal staining pattern (ie, staining 
of nuclei in the basal layer, figure 1A). Score 1 is defined as 
positive nuclei predominantly found in the lower one-third of 
the epithelium (figure 1B). Score 2 is defined as positive nuclei 
predominantly found in the lower two-thirds of the epithelium 
(figure 1C). Score 3 is defined as positive nuclei in more than 
two-thirds of the epithelium (figure 1D). The presence of a few 
scattered positive individual cells in the upper two-thirds layer 
of the epithelium in a predominant staining pattern in the lower 
one-third is scored as 1 (figure 1E). Also, a few scattered positive 
individual cells found in the upper one-third layer of the epithe-
lium in a predominant pattern with two-thirds involvement of 
the epithelium is scored as 2.

Areas where dermal papillae narrow down the width of the 
epithelium cannot be scored reliably and are therefore not taken 
into account.

scoring of p16ink4a

Diffuse or ‘block’ staining for p16ink4a of the cell cytoplasm or 
nucleus in squamous epithelium was considered positive.2 3 19 
Score 0 is defined as either no p16ink4a positivity or focally scat-
tered positive cells or small cell clusters (ie, patchy staining, 
figure 2A). Score 1 is defined as low intensity, diffuse posi-
tivity restricted to the lower one-third part of the epithelium 
(figure 2B). Score 2 is defined as continuous positivity in the 
lower two-thirds of the epithelium (figure 2C). Score 3 is defined 
as positive cells involving the full thickness of the epithelium (ie, 
diffuse full thickness staining, figure 2D).

It is considered important to distinguish positive diffuse or 
‘block’ p16ink4a staining from patchy or background staining.

Work procedure
H&E score
Three expert gynaecopathologists (P1, P2 and P3) from 
two different laboratories (MCGB, DJ and MvdS) received 
the H&E slides, selected the area with the most dysplastic 
features of the epithelium and graded the CIN lesion based 
on morphologic characteristics (further referred to as ‘H&E 
score’). All specimens were classified for H&E scoring as no 
dysplasia, CIN1, CIN2, CIN3 or SCC, according to interna-
tional criteria.20

Ki-67 and p16ink4a immunoscore
Subsequently, the pathologists scored the Ki-67 and p16ink4a 
expression on a separate scoring sheet, using the scoring system 
described above and depicted in figures 1 and 2. This scoring 
sheet, including examples of the scoring, was discussed with 
and approved by all three pathologists prior to the start of the 
study. No morphologic features were taken into account in this 
scoring. The cumulative immunoscore of Ki-67 (scores 0–3) and 
p16ink4a (scores 0–3) could vary from 0 to 6, irrespective of how 
the score was obtained (further referred to as ‘Ki-67 and p16ink4a 
immunoscore’). For example, we considered a cumulative score 
of 5, either established by a Ki-67 score of 2 and p16ink4a score 
of 3, or vice versa, as identical.

Combined H&E and non-objectified IHC score
At least 2 weeks after scoring of the immunostains, each pathol-
ogist was asked to render the CIN grade now based on morpho-
logic features in combination with the subjective interpretation of 
the immunostaining (further referred to as ‘combined H&E and 
non-objectified IHC score’).

Reference Standard
The consensus diagnosis of the combined H&E and non-objec-
tified IHC score, based on agreement of CIN grade in at least 
two out of three pathologists, was used as the ‘Reference Stan-
dard’. In six lesions in which no majority CIN score was avail-
able, consensus was reached in a panel discussion with a fourth 
pathologist (CJLMM).

statistical analysis
A flow chart of the statistical analysis is shown in figure 3. To 
assess the accuracy of a test strategy, we calculated the propor-
tion of test positives for all CIN grading strategies separately 
within each of the different Reference Standard diagnoses (ie, 
no dysplasia, CIN1, CIN2, CIN3 and SCC). A positive status 
for each strategy was obtained using the following definitions: 
diagnosis of ≥CIN2 based on H&E scoring for strategy I; 
diagnosis of ≥CIN3 based on sole H&E scoring for strategy 
II; diagnosis of ≥CIN2 based on combined H&E and non-ob-
jectified IHC scoring for strategy III; diagnosis of ≥CIN3 
based on combined H&E and non-objectified IHC scoring 
for strategy IV; immunoscore of ≥4 for strategy V based on 
Ki-67 and p16ink4 immunoscoring for strategy V; immuno-
score of ≥5 based on Ki-67 and p16ink4 immunoscoring for 
strategy VI; and immunoscore of 6 based on Ki-67 and p16ink4 
immunoscoring for strategy VII (table 1). We accounted for 
the scores of three pathologists by pooling the proportions of 
test positives of the individual pathologists. Absolute differ-
ences between the pooled proportions of test positives of each 
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Figure 1 Scoring of Ki-67 immunostaining. Representative examples are shown for the three-tiered score system of Ki-67 immunostaining. Nuclear 
Ki-67 staining in cells of the squamous epithelium is scored positive. Positive nuclei in the basal layer is considered a normal staining pattern and 
scored as 0 (A), positive nuclei predominantly found in the lower one-third of the epithelium as 1 (B), positive nuclei predominantly found in lower 
two-thirds of epithelium as 2 (C), and positive nuclei in more than two-thirds of epithelium as 3 (D). An example of individual scattered positive cells 
found in the upper layers of the epithelium in a predominant parabasal staining pattern is shown (E).

strategy per Reference Standard category were calculated with 
95% CIs. If a CI did not include the value 0, the difference was 
considered statistically significant.

Second, to assess the reproducibility of a test strategy, we 
calculated the average of absolute agreements for every CIN 
grading strategy (with positivity definitions of strategies I–VII, 
see table 1) between pathologists (P1 vs P2, P1 vs P3 and P2 vs 
P3) within each Reference Standard category.

Calculations were performed in SPSS (V.22) and STATA 
(V.14.1).

resulTs
histology scoring
Different grades for H&E, H&E and IHC, Ki-67 and p16ink4a 
immunoscores, and the Reference Standard category by the 
three pathologists for the 115 cervical biopsy and LLETZ speci-
mens are shown in table 2.

Accuracy
Overall, taking the proportion of test positives as a measure-
ment of the accuracy, CIN grading based on the Ki-67 and 
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Figure 2 Scoring of p16ink4a immunostaining. Representative examples are shown for the three-tiered score system of p16ink4a immunostaining. 
Diffuse or ‘block’ staining for p16ink4a of the cell cytoplasm or nucleus in squamous epithelium is considered positive. No positivity or patchy staining 
was scored 0 (A), diffuse positivity in the lower third of the epithelium as 1 (B), diffuse positivity in the lower two-thirds of the epithelium as 2 (C), 
and diffuse positivity involving the full thickness of the epithelium was scored as 3 (D).

p16ink4a immunoscore, with immunoscore 6 to define a positive 
status (CIN grading strategy VII), detected the highest numbers 
of Reference Standard CIN3, combined with the fewest CIN1 
(figure 4, online supplementary table 1). Furthermore, CIN 
grading based solely on H&E grading compared with grading 
based on combined H&E and non-objectified interpretation of 
IHC (strategy I vs III, and strategy II vs IV) showed no signifi-
cant differences in detection of all Reference Standard categories 
(online supplementary table 2).

In more detail, within Reference Standard no dysplasia and 
SCC, no significant differences in accuracy (online supplemen-
tary table 2) between any of the CIN grading strategies were 
observed, with the proportions of test positives of all grading 
strategies being close to 0 and 100%, respectively.

Within Reference Standard CIN1, the accuracy of CIN grading 
strategy I (≥CIN2 based on sole H&E scoring), strategy III 
(≥CIN2 based on combined H&E and non-objectified interpre-
tation of IHC), strategy V (immunoscore ≥4) and strategy VI 
(immunoscore ≥5), with proportions of test positives ranging 
from 17.5% to 28.1%, was significantly higher than the accuracy 
of strategy II (≥CIN3 based on sole H&E scoring), strategy IV 
(≥CIN3 based on combined H&E and non-objectified interpre-
tation of IHC) and strategy VII (immunoscore 6), with propor-
tions of test positives ranging from 1.7% to 5.3%.

Within Reference Standard CIN2, the accuracy of CIN grading 
strategies I, III, V and VI, with proportions of test positives 

ranging from 76.5% to 90.2%, was significantly higher than the 
accuracy of strategy VII, with a proportion of test positives of 
54.9%. Furthermore, the accuracy of CIN grading strategies II 
and IV was significantly lower compared with strategy VII, with 
proportions of test positives of 27.5% and 31.4%.

For the detection of Reference Standard CIN3, the accuracy of 
CIN grading strategies I, III, V, VI and VII was near 100%, with 
proportions of test positives ranging from 97.0% to 100%, and 
significantly higher than the accuracy of strategies II and IV with 
proportions of test positives of 81.8% and 84.8%.

reproducibility
Overall, grading of CIN based on the Ki-67 and p16ink4a immu-
noscore with a definition for positivity of immunoscore 6 
(strategy VII) showed a high absolute agreement for Reference 
Standard CIN3 (90.9%) in combination with a high agreement 
for Reference Standard CIN1 (96.5%, figure 5, online supple-
mentary table 3). Other grading strategies with a high absolute 
agreement for Reference Standard CIN3 showed moderate agree-
ment for Reference Standard CIN1. All strategies showed only 
moderate agreement for Reference Standard CIN2.

In more detail, the absolute agreement between patholo-
gists was high for Reference Standard no dysplasia and SCC 
(all ≥96.2%; figure 5 and online supplementary table 3). For 
Reference Standard CIN1, the absolute agreement was moderate 

https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
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Figure 3 Flow chart of statistical analysis. CIN, cervical intraepithelial neoplasia; IHC, immunohistochemistry; SCC, squamous cell carcinoma. 

to high (range 64.9%–96.5%) with highest agreement for CIN 
grading strategies IV and VII. For Reference Standard CIN2, the 
absolute agreement was moderate (range 37.3%–84.3%). For 
Reference Standard CIN3, the absolute agreement was high for 
CIN grading strategies I, III, V, VI and VII (range 90.9%–100%) 
and moderate for strategies II and IV (69.7% and 72.7%).

dIsCussIOn
In this cross-sectional study, we describe a simple CIN grading 
system based solely on a cumulative three-tiered immunoscore 
for biomarkers Ki-67 and p16ink4a to perform better in terms 
of accuracy and reproducibility, compared with the classical 

histological and non-objectified IHC CIN grading system. We 
have added Ki-67 scores to the p16ink4a immunoscore because 
it is essential to identify proliferative activity in p16ink4a-posi-
tive CIN. Performance of p16ink4a scoring without other markers 
or H&E grading is known to increase the shift from CIN1 to 
CIN2, resulting in overtreatment.2 Interestingly, our additional 
statistical analysis shows that sole p16ink4a staining has a lower 
accuracy for CIN3 than combined p16ink4a and Ki-67 staining 
(online supplementary figure 1). By using the Ki-67 and p16ink4a 
immunoscore, we showed that immunoscore 6 was able to detect 
reliably the highest number of CIN3, combined with the lowest 
proportion of CIN1 lesions. The proportion of test positives 

https://dx.doi.org/10.1136/jclinpath-2018-205271
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Table 1 Overview of scoring strategies

strategy scoring Positivity definition

I H&E score ≥CIN2

II H&E score ≥CIN3

III Combined H&E and non-objectified 
IHC score

≥CIN2

IV Combined H&E and non-objectified 
IHC score

≥CIN3

V Immunoscore ≥4

VI Immunoscore ≥5

VII Immunoscore 6

CIN, cervical intraepithelial neoplasia; IHC, immunohistochemistry.

Table 2 Outcome of different grading strategies of each individual 
pathologist

P1 P2 P3 reference 
standard*
nn n n

A. h&e scoring

  No dysplasia 26 34 44

  CIN1 31 11 17

  CIN2 16 8 20

  CIN3 20 40 12

  SCC 22 22 22

B. Ki-67 and p16ink4a immunoscore

  Immunoscore 0 25 20 0

  Immunoscore 1 21 10 37

  Immunoscore 2 4 9 6

  Immunoscore 3 7 5 5

  Immunoscore 4 4 3 5

  Immunoscore 5 9 7 10

  Immunoscore 6 45 61 52

C. Combined h&e and non-objectified IhC score

  No dysplasia 28 35 41 35

  CIN1 24 12 19 19

  CIN2 21 8 18 17

  CIN3 20 38 15 22

  CIN3 22 22 22 22

*The Reference Standard is defined as the majority diagnosis of the combined H&E 
and non-objectified IHC score, based on agreement on CIN grade in two out of 
three pathologists (see also the Methods section).
CIN, cervical intraepithelial neoplasia; IHC, immunohistochemistry; P, pathologist; 
SCC, squamous cell carcinoma.

for CIN3 of immunoscore 6 (95.5%) was significantly higher 
in comparison to the classical CIN grading based on sole H&E 
staining (81.8% for positivity definition ≥CIN3) or combined 
H&E with non-objectified IHC interpretation (84.8% for posi-
tivity definition ≥CIN3). This accurate detection of CIN3 and 
CIN1 by immunoscore 6 indicates that a substantial proportion 
of classically graded CIN2 will be recategorised into CIN1 and 
CIN3 lesions by use of this immunoscore. Because the Ki-67 and 
p16ink4a immunoscore defines with more accuracy and better 
reproducibility the grade of the cervical lesion, it facilitates 
clear and accurate communication about CIN lesions between 
pathologists and clinicians and provides a more reliable basis 
to decide whether cervical treatment or a wait-and-see policy is 
appropriate.

Decisions on clinical management are based primarily on 
CIN grade. However, management guidelines of CIN2 vary 

substantially between and within non-US countries. Presently, 
gynaecologists generally will treat all CIN3 lesions, but for CIN2 
lesions, depending on the size of the lesion and patient’s preference 
and age, both treatment and a wait-and-see policy are widely advo-
cated.21–23 The CIN grading system presented in this paper can be 
used as a proposal for further research to validate our results and 
to achieve more standardisation in CIN management.

This proposal is based on the most accurate CIN grading 
strategy found in this study to detect CIN3 (treatment) and CIN1 
(no treatment). For clinical use we propose to first define a CIN 
grade (CIN1–3) based on an H&E staining. Then the immuno-
score of a CIN lesion should be reported. Based on the immuno-
score treatment can be defined: suggesting no treatment for lesions 
with an immunoscore 0–3, a wait-and-see policy for lesions with 
an immunoscore 4 and 5, and excisional treatment for lesions with 
an immunoscore 6. Thus, treatment is based on the most accu-
rate and reproducible CIN grading. Especially for CIN2 where 
only 55% had an immunoscore 6, use of the immunoscore would 
direct clinical management objectively and separate this group into 
lesions requiring close follow-up and lesions requiring treatment. 
Additional studies with a large number of samples should validate 
these data, and give insights on management suggestions before 
implementation in clinical practice can be recommended.

In the recently published US Lower Anogenital Squamous 
Terminology Standardization Project for HPV-Associated Lesions 
(LAST) guidelines, Darragh et al extensively investigated the 
most optimal classification strategy for the grading of genital 
intraepithelial neoplasia.2 They further optimised the Bethesda 
classification for dividing genital lesions in HSILs and low-grade 
squamous intraepithelial lesions. Thereby they dissuade classically 
three-tiered CIN grading and recommend p16ink4a staining only 
for CIN2+ lesions where the pathologist is in doubt. Positivity for 
p16ink4a of at least one-third of the epithelium supports the diag-
nosis of HSIL, and treatment of all HSILs is recommended.2 As 
more than half of CIN2 lesions and a substantial number of CIN3 
lesions will regress,4 23–26 treatment of all HSIL results in consid-
erable overtreatment which has major consequences, especially 
for women in their fertile age, in terms of cervical morbidity and 
preterm delivery.27 The Ki-67 and p16ink4a immunoscore could 
benefit patients in reducing the current practice of overtreatment 
by excising or ablating all CIN2 that is known to include produc-
tive, regressive and progressive lesions.

The Ki-67 and p16ink4a scoring system has some limitations. It 
still involves microscopic evaluation of a biopsy with its attendant 
sampling error, and interpretation of immunostaining may be diffi-
cult in some cases. However, by strict definition of the different 
scores and addressing difficulties in scoring as described in this 
article, potential scoring problems have been reduced to very low 
levels.

To define the Reference Standard score, we used the consensus 
diagnosis of CIN based on the combined H&E score with 
non-objectified Ki-67 and p16ink4a interpretation. This was done 
because the use of H&E in conjunction with these IHC markers 
has the highest accuracy.19 28–30 To prevent that the Ki-67 and 
p16ink4a immunoscore could have influenced the CIN grade 
based on H&E and non-objectified Ki-67 and p16ink4a score, 
at least 2 weeks were present between the scoring of Ki-67 and 
p16ink4a, and the grading of CIN based on combined H&E and 
non-objectified Ki-67 and p16ink4a interpretation.

A further limitation is that expression of Ki-67 and p16ink4a 
represents only part of the complex process of progression of 
CIN to cancer. Reduction or loss of completion of oncogenic 
HPV life cycle as, for instance, indicated by loss or reduced 
expression of HPV E4 protein in CIN3 is also potentially 
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Figure 4 Accuracy of different cervical intraepithelial neoplasia (CIN) grading strategies. The proportion of test positives for the different CIN 
grading strategies I–VII is shown separately within each Reference Standard: no dysplasia, CIN1, CIN2, CIN3 and cervical squamous cell carcinoma 
(SCC). The H&E score (strategies I and II) is based solely on morphologic characteristics, the H&E+immunohistochemistry (IHC) score (strategies III and 
IV) is rendered after interpretation of Ki-67 and p16ink4a immunostains, and the immunoscore (strategies V, VI and VII) is the total value of the scoring 
for Ki-67 and p16ink4a immunostains independently scored by the pathologist. Strategy VII detects the highest number of CIN3 and the fewest CIN1. 
The exact values for the proportion of test positives are shown in online supplementary table 1 and the absolute differences between all point values 
(indicated by ∆) are shown in online supplementary table 2.

Figure 5 Reproducibility of different cervical intraepithelial neoplasia (CIN) grading strategies. The absolute agreement among pathologists 
for the different CIN grading strategies I–VII, representing the reproducibility, is shown separately within each Reference Standard: no dysplasia, 
CIN1, CIN2, CIN3 and cervical squamous cell carcinoma (SCC). The H&E score (strategies I and II) is based solely on morphologic characteristics, 
the H&E+immunohistochemistry (IHC) score (strategies III and IV) is rendered after interpretation of Ki-67 and p16ink4a immunostains, and the 
immunoscore (strategies V, VI and VII) is the total value of the scoring for Ki-67 and p16ink4a immunostains independently scored by the pathologist. 
The exact values of absolute agreement are shown in online supplementary table 3.

relevant for progression of CIN and for treatment decisions 
especially in CIN2.31 32 In addition, the presence of hypermeth-
ylation of promotor regions in host cell genes (ie, CADM1, MAL, 
miR124-2 and FAM19A4) is associated with CIN2/3 lesions 
with a high short-term progression risk for cervical cancer.8 33 
The evaluation of HPV E4 protein staining in CIN, classified 
by the immunoscore system and the presence of hypermethyla-
tion of these genes, is presently under investigation. Preliminary 
results seem to confirm that, in HPV-positive lesions, E4 staining 
decreases from immunoscore 0 to 4, whereas hypermethyla-
tion starts to be present in immunoscore 4 lesions with highest 
values in immunoscore 6 lesions.34 Collectively, the immuno-
score system seems to provide a classification system that could 
be useful and important in studying the role of these additional 
markers in improving management of CIN.

In conclusion, the grading of CIN by this simple Ki-67 and 
p16ink4a immunoscore system shows a higher accuracy and better 
reproducibility than the classical CIN grading system, especially 
for CIN3 (treatment) and CIN1 (no treatment). Due to the opti-
misation of CIN3 and CIN1 diagnoses, a division of classical 
CIN2 into these categories can be made. Validation in large 
study numbers, preferably in a prospective trial in which also 
other biomarkers such as E4 and hypermethylation of host cell 
genes are taken into account, is needed. Furthermore, the Ki-67 
and p16ink4a immunoscore system better reflects where in the 
biological trajectory of development of cervical cancer through 
infection and precancer the cervical lesion is situated. This new 
grading system might provide a basis for development of stan-
dardisation in the diagnosis of CIN and clinical management in 
women with cervical precancer.

https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
https://dx.doi.org/10.1136/jclinpath-2018-205271
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Original article

Take home messages

 ► Grading of cervical intraepithelial neoplasia (CIN) by a simple 
Ki-67 and p16ink4a immunoscore system has a higher accuracy 
and reproducibility compared with current CIN grading.

 ► By use of the Ki-67 and p16ink4a immunoscore, most of 
classical CIN2 can be divided into more accurately graded 
CIN1 and CIN3.

 ► Use of the Ki-67 and p16ink4a immunoscore for CIN grading 
allows better evaluation of the role of new biomarkers in the 
development of cervical cancer.
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