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Ki67 assessment

Yeh-Han Wang, "** Chiung-Ru Lai,**> Huang-Chun Lien,*” Chih-Yi Hsu

ABSTRACT

Aims Although Ki67 labelling index (LI) is a prognostic
and predictive marker in breast cancer, its accuracy

and reproducibility must be validated before its clinical
application. We aimed to evaluate the agreement of Ki67
LI'in clinical practice in Taiwan.

Methods We conducted a Ki67 immunohistochemistry
(IHC) proficiency test. The participants performed the
Ki67 IHC test and measured the Ki67 LI of 10 cases of
breast cancer tissue on a microarray slide. The staining
quality was centrally reviewed based on the Ki67
staining of the tonsil surface epithelium.

Results Ki67 staining and counting methods are
diverse in Taiwan. The reproducibility of Ki67 LI was poor
to good (intraclass correlation coefficient: 0.581, 95%
C10.354 to 0.802). The reproducibility and agreement in
the high staining quality group were significantly higher
than those in the low staining quality group. The majority
of the Ki67 Lls derived from the low staining quality
group were underestimated. Different counting methods
did not reveal significant differences when determining
Ki67 LI with microarray sections.

Conclusions We suggest using the surface epithelium
of the tonsil as external control and achieving optimal
staining results that consist of a high positive parabasal
layer, a low positive intermediate layer and a negative
superficial layer. Good Ki67 staining quality can minimise
the staining variations among different laboratories, and
it is essential for the reproducibility of Ki67 LI.

INTRODUCTION

As the Ki67 labelling index (LI) has been considered
a prognostic or predictive factor in breast cancer,
its accuracy and reproducibility remain debatable
in clinical practice due to lack of standardisation.
Ki67 is not included in the biomarkers suggested
by the American Society of Clinical Oncology
and National Comprehensive Cancer Network
guidelines to guide decisions regarding therapy
for women with breast cancer.! > Additionally, the
cut-off point for a low Ki67 index changed from
15% (2009),> 14% (2011)* or 20% (2013)° to
20%-29% (2015)° in the St. Gallen International
Expert Consensus. Consequently, the consensus
panel raised an issue regarding the reproducibility
of Ki67 LI and its application in clinical decision-
making in 2017, rather than providing specific
cut-offs.” Although the International Ki67 in
Breast Cancer Working Group has provided certain
recommendations regarding the use of Ki67 immu-
nohistochemistry (IHC),*'° larger scale analytical
and clinical validations are warranted before Ki67
LI can be employed in clinical applications.

3,4,5

The variations in Ki67 LI may result from prean-
alytical (specimen handling) and analytical (staining
and counting) factors.® The analytic factors can be
evaluated using multisite, interlaboratory compar-
ison exercises, so-called proficiency tests (PT). For
quality assurance and improvement, the Committee
of Breast Pathology of Taiwan Society of Pathology
(TSP) conducted the first Ki67 THC PT to evaluate
the accuracy and reproducibility of Ki67 immunos-
taining in 2018.

MATERIALS AND METHODS

The study was conducted in accordance with
local ethical regulations, and no Institutional
Review Board approval was required. A tissue
microarray (TMA) with a core diameter of 2mm
was constructed by acquiring 10 cases of breast
cancer from the surgical pathology archive of the
Taipei Veteran General Hospital (TVGH), including
9 invasive carcinomas of no special type and 1 inva-
sive lobular carcinoma. All the breast specimens
processed in TVGH abided by American Society
of Clinical Oncology/College of American Pathol-
ogists (ASCO/CAP) recommendations in regard to
specimen handling for optimisation of preanalytic
factors. In addition, a small piece of tonsil tissue
that served as the external control was included.

The 2018 Ki67 THC PT was freely provided as
a selective testing item to the institutions that have
already registered IHC items for breast cancer
(eg, oestrogen receptor, progesterone receptor or
human epidermal receptor 2). One unstained slide
of the TMA sectioned at 4 um in thickness was deliv-
ered to the participating laboratories. The presence
of adequate cancer cells within the test slides was
confirmed by the PT committee using microscopic
examination of the first and the last section of the
TMA with H&E staining.

The participants performed Ki67 THC staining
and Ki67 scoring independently, without any
private communication. The results of Ki67 LI of
each core were submitted online no later than early
September 2018. The staining and counting infor-
mation was collected, including staining methods
and protocols, antibody used, counting area selec-
tion and measuring methods. The recommended
answer form was a specific number of LI rather
than a numerical range or three-tier grading. After
completion of the online submission, the partici-
pants were requested to send the TMA slide back to
the TSP office for a quality review.

Two pathologists of the Committee of Breast
Pathology were responsible for the quality review
of the Ki67 IHC PT slides that were sent back.
The evaluation was based on the staining pattern
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Figure 1
tonsil tissue.

Ideal Ki67 staining pattern of the surface epithelium of the

of the surface epithelium of the tonsil tissue, which served as
the external control in every test slide.'" The scoring criteria
were determined by the presence of the following: (1) high
positive zone (the parabasal layer); (2) low positive zone (the
intermediate layer); (3) negative zone (the superficial layer); (4)
adequacy of positivity (a band-like pattern at parabasal layer
and faint nuclear staining in >50% cells of the intermediate
layer) and (5) ideal counter stain (figure 1). Each criterion was
counted for one score in the quality review, and the highest
score was 5. The final score in the staining quality was the
average of that given by the two reviewers. The slides with a
quality score of =4 were considered the high staining quality
group, whereas those with a quality score of <2 were consid-
ered the low staining quality group. Subsequently, the slides
with the highest quality score were manually counted, and the
average results of Ki67 LI of these slides were provided as the
reference data in the study. Manual counting was performed
by calculating the Ki67 positive cells among 500-1000 tumour
cells in the hotspot areas.

The responses of Ki67 LI with numerical data were collected
for the analyses. When the LI result was given in a numerical
range, the median of the range was used for the following anal-
yses. The Fisher’s exact or x2 test was used to compare the
proportions of categorical variables. Continuous variables were
analysed using the Mann—Whitney U test or the Kruskal-Wallis
test. P values were derived from two-tailed tests, and p<0.05
was considered statistically significant.

To evaluate the interobserver reproducibility, the intraclass
correlation coefficient (ICC) with a 95% CI was calculated using
a two-way random-effects model. The ICC ranged between 0
and 1, with values closer to 1 representing better reproduc-
ibility. An ICC of <0.50 indicated poor, 0.50-0.75 indicated
moderate, >0.75-0.90 indicated good and >0.90 indicated
excellent reproducibility.'? To satisfy the random-effects model
assumptions of normality for ICC analyses, the Ki67 data were
converted to a logarithmic scale by adding 0.1% and applying a
log base 2 transformation. The differences of ICCs were tested
by t-test on 1000 bootstrap replicates. Laboratories failed to
complete all the LI measurement of the 10 cores in the TMA
were excluded from the ICC analyses.

Ki67 LI values were categorised as low (<14%), intermediate
(14%-29%) and high (>29%). Pairwise comparison of the LI
categories between the participants and the reference result was
analysed using kappa statistics. The kappa value ranged between
0 and 1, with values closer to 1 representing better agreement.

Table 1

Factors N %

Survey of staining and counting methods

Autostainer

No 8 154
Yes 44 84.6
Antibody clones
GMO010 18 34.6
MIB-1 17 32.7
30-Sep 7 13.5
SP6 5 9.6
Others 5 9.6
Evaluation tools
Visual estimate 47 90.4
Image analysis*® 2 3.8
Manual counting 3 5.8
Cell number evaluated
<500 27 51.9
>500 25 48.1
Area selection
Hotspot 30 57.7
Average 18 34.6
No consensus 4 1.7

*Using ImmunoRatio.”"

RESULTS

Survey of staining and counting methods

A total of 52 institutions registered for the 2018 Ki67 LI
PT, including 50 hospital-based pathology laboratories and
2 commercial laboratories. Autostainers were widely used.
GMO010 and MIB-1 were the commonly used clones of the Ki67
antibodies. In total, 47 (90.4%) laboratories evaluated LI with
visual estimate and 30 (57.7%) laboratories counted the LI of
the hotspot areas. The details of the brief survey are listed in the
online supplementary table and summarised in table 1.

Review of staining quality

Of the 52 laboratories, 46 (88.5%) had sent their test slides back
to the TSP office, and the average staining quality score was
3.1 (95% CI 2.7 to 3.4). The high staining quality group (score
>4) consisted of 15 (32.6%) out of the 46 laboratories, while
11 (23.9%) laboratories were classified under the low staining
quality group (score <2). The quality scores were not signifi-
cantly related to the use of autostainers and antibody clones
(table 2). A total of four (8.7%) slides were given the highest
quality score after review, and the mean LI of central counting
of each core was regarded as the reference result of each core.
According to the reference results, three cores (#3, #5 and #38)
were categorised as low LI and three cores (#1, #4 and #9)
were categorised as high LI. The remaining four cores (#2, #6,
#7 and #10) were intermediate in LI

Distribution of Ki67 Li among participants

The distribution of the responded Ki67 LI derived from partic-
ipants according to staining and counting methods are listed in
table 3. The Ki67 LIs between the staining quality groups were
significantly different, and Ki67 LI values of the high staining
quality group were greater than those of the intermediate and
low staining quality groups. Additionally, Ki67 Lls rendered
using clone 30-9 were greater than those rendered using clone
SP6 and clone GM010 (p=0.004 and p=0.015). Different eval-
uation tools and cell number evaluated did not reveal significant
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Table 2 Staining quality scores by staining method

Factors N Median (range)  Mean+SD P value
Total 46 3.0 (1.0-5.0) 3.1+1.1
Autostainer 0.521
No 7 3.0 (1.0-4.0) 2.8+1.1
Yes 39 3.0 (1.0-5.0) 3111
Antibody clones 0.161
GMO010 16 3.3(1.0-4.5) 2.8+1.2
MIB-1 16 3.0 (1.0-5.0) 3.1+1.2
30-Sep 4.0 (3.0-5.0) 4.2+0.8
SP6 5 3.0 (2.0-3.0) 2.7+0.4
Others 4 2.5 (2.0-4.0) 2.8+0.9

differences in Ki67 LI. As a 2 mm core might not provide enough
choice for area selection, the difference between counting by
hotspot and average methods was not significant. The reference
results and the distribution of participants’ results are plotted
in figure 2. Most of the responded Ki67 LI values from the low
staining quality group were underestimated, as the median value
was smaller than the reference result observed in every core.

Reproducibility of Ki67 Li

The study excluded 10 participants who did not complete the
Ki67 LI measurement of all the 10 cores from the ICC analyses.
Of them, five, two and two were in the low, intermediate and
high staining quality group, respectively, while one did not return
the slide for quality review. Reproducibility of Ki67 LI among
the PT participants was poor to good (ICC: 0.581, 95%CI

Table 3 Comparison of the Ki67 LI grouped by staining and counting
methods

1004
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504
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Quality HIL HIL HIL HIL HIL HIL HIL HIL HIL HIL
Core #1  #9  #4  #10 47  #6  #2 #3  #8 #5

Ki67 labeling index (%)
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Figure 2 Distribution of the Ki67 LI grouped by staining quality.

The boxes indicate the IQR, with adjacent values as whiskers, outlying
values as x; median is indicated by the horizontal dotted line. Circles
indicate the reference results of Ki67 LI (H, high; I, intermediate; L, low).
LI, labelling index.

0.354 to 0.802). In the subgroup analyses, the reproducibility
in the high staining quality group (ICC: 0.840, 95%CI 0.788
to 0.905) was significantly higher than that in the low staining
quality group (ICC: 0.181, 95%CI 0.037 to 0.550, p<0.001).
The ICC value of the high staining quality group was less than
the ICC value (0.961, 95% CI 0.947 to 0.985, p<0.001) derived
from the manual counting of the four slides of the highest quality
score for the reference result.

Distribution and agreement of Ki67 Li categories
The distribution of Ki67 LI categories grouped by staining

Factors Ki67 LI, median (IQR) P value quality was significantly different (p=0.043, table 4). Low
Autostainer 0.412 Ki67 LI (<14%) results were more frequently reported in the
No 15.0 (4.0-30.0) low staining quality group. Conversely, the proportion of high
Yes 15.0 (7.0-33.0) Ki67 LI (>29%) reported by the high staining quality group
Antibody clones 0.044* was 1.9 times that of the low staining quality group. The LI
GMO10 15.0 (5.0-30.0) categories of the result of participants with the highest quality
MIB-1 17.0 (7.0-35.0) score were 100%, which agreed with the results of the central
30-Sep 20.0(10.0-40.0) review of the same slide. The.pairwise kappa Value.s Flerived from
5P6 10.0(5.0-30.0) the agreement of LI categories bgtween the participants’ result
it 10.0(10.0-30.0) and reference result r.eveale.d a wide range (0.000—1}.000). The
Evaluation tools 0.635 kappa values of the high staining quality group (median: 0.697,
) ) : IQR: 0.552-0.706) were significantly greater than those of the
GO RUCCSLY low staining quality group (median: 0.518, IQR: 0.333-0.697)
Image analysis 175(10.5-57.0) (p=0.029). The kappa values of the intermediate staining quality
Manual counting 15.0 (5.0-29.0) group (median: 0.701, IQR: 0.420-0.706) were not significantly
Cell number evaluated 0.218
<500 15.0 (5.0-33.0)
=500 : 150 (7.0-300) Table 4  Frequency of the Ki67 LI categories stratified by staining
Area selection 0.053 quality
Hotspot 15.0 (8.0-32.0) — -
Average 14.0 (5.0-30.0) Staining quality
Not specified 12.5 (5.0-40.0) Low Intermediate High Total
Staining quality <0.001* # of slides 1" 20 15 46
Low 10.0 (2.0-20.0) #of Ki67 Ll results 96 (100%) 196 (100%) 148 (100%) 440 (100%)
Intermediate 15.0 (6.0-30.5) Ki67 LI categories
High 20.0(10.0-47.5) Low (<14%) 51(53.1%) 93 (47.4%) 57(38.5%) 201 (45.7%)
Intermediate (14%-29%) 26 (27.1%) 43 (21.9%) 35(23.6%) 104 (23.6%)
*P<0.05 High (>29%) 19(19.8%) 60 (30.6%) 56 (37.8%)  135(30.7%)
LI, labelling index. LI, labelling index.
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different from those of the high and those of the low staining
quality group (p=0.527 and p=0.137).

DISCUSSION
The PT surveyed both staining and counting factors and demon-
strated an overview of clinical practice of Ki67 LI in breast
pathology in Taiwan. Our results indicated that the staining
quality plays a key role in the reproducibility and agreement of
Ki67 LI in TMAs. Both the reproducibility and agreement of
the high staining quality group were significantly higher than
those of the low staining quality group. The majority of the Ki67
LIs derived from the low staining quality group were underes-
timated. With the experience from the PT, improvement of the
staining quality of Ki67 would be a prior task to enhance the
reliability of the Ki67 LI reporting in clinical practice.
Standardisation of Ki67 IHC staining is difficult due to the
variation in the staining platforms, protocols and antibody
clones between the laboratories.” * Previous large-scale studies
dealing with interlaboratory reproducibility of Ki67 staining
revealed substantial variabilities.”’ ' The differences remained
significant even laboratories using the same antibody and in the
laboratories with prior participation in external quality assur-
ance programme.'® They suggested either standardisation of
Ki67 LI determination or fully aware of lab-specific reference
values.' 1 In this study, neither the use of autostainers nor any
Ki67 antibody clone could guarantee a high staining quality. As
this study did not intend to establish a uniform staining protocol
or to rank the clones of the antibody from the survey across labo-
ratories, we instead recommend applying an identical standard
on the quality assessment of the external control for optimisa-
tion of Ki67 staining quality. As we demonstrated in the quality
review for PT, the surface epithelium of the tonsil tissue is a good
external control tissue for Ki67 IHC. An optimal Ki67 IHC stain
on the tonsillar epithelium should demonstrate strong positive
staining over the parabasal layer with a band-like pattern and
moderate or weak nuclear staining in >50% cells of the interme-
diate layer. The superficial layer should be negative without non-
specific staining in the background (figure 1). Irrespective of the
platforms or antibody clones used, achieving optimal staining
results could minimise variations result from staining methods.
The complexity of the counting method for Ki67 LI makes it
difficult to implement; it includes evaluation tools, area selection
and a count of the number of cells evaluated. Although the p
value (0.053) of area selection was not significant in the present
study, differences in Ki67 LI among counting methods did exist.
The International Ki67 in Breast Cancer Working Group has
conducted several studies on the standardisation problem and
developed various standardisation methods.” 1® ' The ICC of
the present study (0.581, 95%CI 0.354 to 0.802) was similar
to that obtained by counting locally stained slides in a previous
international study using 1 mm core TMAs (0.59, 95%CI 0.37
to 0.68)."” Our interlaboratory ICC (0.840, 95%CI 0.788 to
0.905) obtained by the high staining quality group was higher
than the interlaboratory ICC obtained by counting central
stained slides in the international study (0.71, 95% CI 0.47 to
0.78)."” However, counting factors might not be well explored
in the current study because we used a TMA with a core diameter
of 2mm, which facilitated area selection. Another study using a
1.4mm core TMA also revealed a good interobserver reproduc-
ibility in measuring the same staining, but a high interlabora-
tory variability derived from staining.” Area selection of whole
tissue sections in the clinical practice is more complex, and the
assessment method may have direct influences on Ki67-LI and

therapeutic decision making.'*° Although digital image analysis
(ImmunoRatio)*! was applied in only 3.8% of our participants
and its benefits did not appear, the use of automated systems to
measure Ki67 LI presents good interlaboratory reproducibility
in some studies.”>** Furthermore, the use of automated systems
is thought to reduce the time and labour required for manual
counting.**

In addition to the usage of a TMA, there are other limitations
to this study. One limitation is the study size based on 10 tissue
samples. Increasing the number of samples will increase the
workload for the participants. Therefore, we used 10 samples
with an even distribution of low, medium and high Ki67 LI in an
attempt to make a balance between the quality and quantity of
the responses. Besides, the influences of tissue processing, fixa-
tion and other preanalytical factors are not tested in our study.
Further, we are unable to comment on image analysis and auto-
mated systems because only two of our participants used image
analysis as an assist tool.

In summary, the staining and counting methods of Ki67 are
diverse in Taiwan. Our results revealed a poor-to-good repro-
ducibility without standardisation of the staining and counting
methods across laboratories. The staining quality was found to
be essential for the reproducibility. We suggest using the surface
epithelium of the tonsil as external control and achieving optimal
staining results that consist of a high positive parabasal layer, a
low positive intermediate layer and a negative superficial layer.
Good Ki67 staining quality can minimise the staining variations
among different laboratories.

Take home messages

» Ki67 staining and counting methods are diverse.

» The Ki67 labelling indexes (LIs) derived from the low staining
quality group are usually underestimated.

» A good Ki67 staining quality is essential for the
reproducibility of Ki67 LI.

» Using tonsil surface epithelium as control to achieve optimal
staining that consists a high positive parabasal layer, a low
positive intermediate layer and a negative superficial layer.

Handling editor Cheok Soon Lee.
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