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Background: As measurement of Ki-67 proliferation index is an important part of breast cancer
diagnostics, we conducted a multicenter study to examine the degree of concordance in Ki-67
counting and to find factors that lead to its variability. Methods: Thirty observers from thirty differ-
ent institutions reviewed Ki-67-stained slides of 20 different breast cancers on whole sections
and tissue microarray (TMA) by online system. Ten of the 20 breast cancers had hot spots of Ki-
67 expression. Each observer scored Ki-67 in two different ways: direct counting (average vs. hot
spot method) and categorical estimation. Intraclass correlation coefficient (ICC) of Ki-67 index
was calculated for comparative analysis. Results: For direct counting, ICC of TMA was slightly
higher than that of whole sections using average method (0.895 vs 0.858). The ICC of tumors
with hot spots was lower than that of tumors without (0.736 vs 0.874). In tumors with hot spots,
observers took an additional counting from the hot spot; the ICC of whole sections using hot
spot method was still lower than that of TMA (0.737 vs 0.895). In categorical estimation, Ki-67 in-
dex showed a wide distribution in some cases. Nevertheless, in tumors with hot spots, the range
of distribution in Ki-67 categories was decreased with hot spot method and in TMA platform.
Conclusions: Interobserver variability of Ki-67 index for direct counting and categorical estimation
was relatively high. Tumors with hot spots showed greater interobserver variability as opposed to
those without, and restricting the measurement area yielded lower interobserver variability.
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Breast cancer is a heterogeneous group of diseases with differ-
ent molecular bases, histologies, and prognoses.' Current classi-
fication is based on molecular subtyping with cDNA microar-
rays into five categories: luminal A, luminal B, human epidermal
growth factor receptor 2 (HER2)—positive, basal-like, and normal
breast-like.>” In daily practice, however, immunohistochemis-
try is a simple and economic method that provides as much valu-
able information as gene expression profiling. Thus, breast can-
cer subtyping using immunohistochemical surrogates has been
proposed.“® Cheang ¢t 21.° classified breast cancers into luminal
A, luminal B, HER2-positive, and triple negative using estro-
gen receptor, progesterone receptor, HER2, and Ki-67. They
used a 14% cutoff value for Ki-67 with hormone receptor—posi-
tive breast cancer having Ki-67 < 14% as luminal A and those
with >149% as luminal B. The St. Gallen Consensus for treat-
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ment of early breast cancer adopted the surrogate definitions of
breast cancer subtypes proposed by Cheang ez #/.° and estab-
lished guidelines according to each subtype, which are now
held standard of treatment in breast cancer.”* Because classifica-
tion of luminal A and luminal B subtypes depends on Ki-67
index, its accurate measurement is a critical factor in deciding
therapeutic modalities.

Ki-67 is a protein expressed in all phases of the cell cycle (ex-
cept for resting Go) used as a tumor proliferation marker.” Ki-
67 index is defined by the percentage of tumor cells with positive
nuclear staining out of all tumor cells within a given histologi-
cal field. Several studies have shown the prognostic and predic-
tive value of Ki-67 with a high Ki-67 index having higher risks
of recurrence and treatment response in breast cancer."" Fur-
thermore, a more recent study has shown that for neoadjuvant
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endocrine therapy, Ki-67 indices before treatment and 2 weeks
after treatment are strongly associated with time to relapse as
well as response to endocrine treatment.'* Despite such critical
role of Ki-67 index in breast cancer treatment, there exist dilem-
ma in using it as a standard prognostic or predictive marker ow-
ing to the lack of standard methodologies in its measurement.

There are some methodological issues concerning Ki-67 in-
dex interpretation, which can cause variabilities in its measure-
ment. First, the number of tumor cells counted and the areas
selected for counting may be different for each observer. Second,
as with other tumors, breast cancers may exhibit intratumoral
heterogeneity in cell proliferation with areas of higher prolifera-
tion indicated by more intense staining of Ki-67 known as “hot
spots.” In tumors with such hot spots, an observer may decide to
measure Ki-67 index from the hot spot or take the average of a
few different fields in the same section. Third, some may pro-
ceed with manual counting while others may utilize digital im-
age analysis (DIA). Fourth, some may record Ki-67 index in con-
tinuous numbers while others may record it in categorical values.
Together, these various factors inevitably lead to interobserver
variability in Ki-67 measurement, the degree of which is un-
known. Thus, suggestions have been put forth by the Interna-
tional Ki-67 in Breast Cancer Working Group in an attempt to
standardize Ki-67 measurement.” The need for standard crite-
ria regarding the number of tumor cells and the area of the field
to be counted, as well as the method of counting is becoming
all the more urgent.

In this study, we chose 20 samples of invasive breast cancer,
of which 10 had hot spots and performed a multicenter study
with participation from 30 institutions to assess the degree of

interobserver variability in Ki-67 index measurement and clarify
the factors affecting its measurement by comparing whole sec-
tions versus tissue microarray (TMA) platforms, average count-
ing versus hot spot counting, and continuous versus categorical
counting.

MATERIALS AND METHODS

Case selection and TMA construction

Twenty cases (T1-T20) of invasive ductal carcinoma (IDC)
were selected from the pathologic archives of Seoul National
University Bundang Hospital after reviewing the Ki-67 immu-
nostained slides upon diagnosis. All cases were surgically re-
sected tissue specimens fixed in 10% formalin and paraffin-em-
bedded in 2012. To analyze the effect of the presence of hot
spots in Ki-67 measurement, we purposely chose 10 IDCs (T11-
T20) which had localized high Ki-67 staining areas (Fig. 1).
The remaining (T1-T10) showed a relatively even distribution
of positive tumor cells. All twenty cases were arranged into a 2
mm, single-core TMA to set limits for the area of analysis, as
opposed to whole section slides. TMA was constructed using a
trephine apparatus (Superbiochips Laboratories, Seoul, Korea).
Hot spot areas were selected to be incorporated into the TMA
in 10 IDCs (T11-T20) while areas most representative of the
tumor were selected for the remaining 10 cases (T1-T10) for
TMA construction. This study was exempt from Institutional
Review Board (IRB) deliberation (IRB No. X-1508/312-901).

Immunohistochemical staining and measurement of Ki-67
Immunohistochemical staining of Ki-67 was re-petformed

(B)

Fig. 1. A representative case with hot spots in Ki-67 immunohistochemistry. (A) Scan power view of Ki-67 immunostained slides with a hot

spot in right lower corner. (B) High power view of the hot spot.
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using MIB-1 clone (1:500; DAKO, Carpinteria, CA, USA) in
whole sections and a TMA section. Four-micrometer-thick tis-
sue sections were cut, dried, deparaffinized, and rehydrated fol-
lowing standard procedures. All sections were subjected to heat-
induced antigen retrieval. Immunohistochemical staining was
carried out in a BenchMark XT autostainer (Ventana Medical
Systems, Tucson, AZ, USA) using an UltraView detection kit.
All immunostained slides were scanned using ScanScope CS sys-
tem (Aperio, Vista, CA, USA) and the files of such scanned slides
wete uploaded to an online system. Thirty different pathologists
(01-030) from thirty different institutions (25 of which are
academic teaching hospitals including all of the major hospitals
in the country) participated in this study and examined the
scanned slides using ImageScope viewing software with specific
guidelines for Ki-67 measurement.

All observers measured Ki-67 index in two different ways for
both whole section slides and a TMA slide. First, direct count-
ing method consisted of counting at least 500 tumor cells in
each of three representative areas in whole sections and count-
ing of at least 500 tumor cells or all of the tumor cells (if the
number of tumor cells were less than 500) in a TMA, either
manually or digitally using an image analyzer, and the positive
percentage was calculated; two out of 30 participants utilized
DIA for direct counting. Second, rough estimation method con-
sisted of visual estimation of Ki-67 index into five categories: 0
(<5%),1 (5% to <10%), 2 (10% to <20%), 3 (20% to <50%), and 4

Direct
counting

Whole
section

Rough
categorical —
estimation

20IDCs
(10 without hot spots, T1-T10;
10 with hot spots, T11-T20
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(250%). In tumors with hot spot areas (T'11-T20), direct count-
ing on whole section slides consisted of two different methods.
The first was to count the number of positive tumor cells in one
representative hot spot area which we designated as the “hot spot
method.” The other method was counting in three representa-
tive areas including the hot spot and then calculating its aver-
age, which we named as the “average method.” For rough estima-
tion, the observers made separate categorical estimations of Ki-
67 from the hot spot and the entire field in whole section slides
in tumors with hot spot areas (T11-T20). The schematic repre-
sentation of study design and counting methods is provided in
Fig. 2.

Statistical analyses

To assess interobserver variability in the 20 cases, we calculat-
ed intraclass correlation coefficient (ICC) with a 95% confidence
interval (CI). Since there is no consensus on standard criteria for
ICC, we used this value only for comparison of interobserver
variabilities of different Ki-67 measurement methods. The ICC
has a range of 0 to 1, withl defining perfect agreement. To
evaluate the distribution of Ki-67 proliferation indices measured
by different observers for each case, we calculated the mean,
median, standard error of mean, and standard deviation of each
case, for every method. We drew a side by side box plot for Ki-
67 indices. All data analyses were performed using IBM SPSS
ver. 21.0.0 (IBM Co., Armonk, NY, USA).
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Fig. 2. A schematic diagram of study design and counting methods. Twenty cases of invasive ductal carcinoma (IDC) were prepared in two
platforms-whole sections and a tissue microarray (TMA), and then digitally scanned for analysis in online system. Each observer was in-
structed to measure Ki-67 index in two platforms in two different ways (direct counting or rough categorical estimation) employing the aver-

age method and hot spot method.
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RESULTS

Direct counting

The Ki-67 indices in each tumor calculated by direct count-
ing in whole sections and a TMA are presented in Fig. 3. The
mean and median values of Ki-67 indices were relatively lower
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in T1-T10 than in T11-T20 for both whole sections and TMA.
To evaluate the effect of restricting area of measurement on Ki-
67 counting, we compared the ICCs of Ki-67 indices in whole
sections and TMA. The ICC of 20 cases among 30 observers was
0.802 (95% CI, 0.696 to 0.897) for whole sections by the aver-
age method. The ICC of Ki-67 indices measured in TMA was
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Fig. 3. Side-by-side box plots of Ki-67 distribution using whole sections (A) and tissue microarray slides (B) in direct counting method. The box
shows the first to third quartiles, the horizontal line inside the box represents the median, the whiskers extend to minimum and maximum values
within 1.5 times the interquartile range (IQR) from the first and third quartiles. Outliers are represented by small circles and extreme values
(more than 3 times IQR) by asterisks. The Ki-67 indices measured in whole section show wider distribution than those in tissue microarray.

Table 1. Comparison of Ki-67 assessment in whole sections and tissue microarray in T11-T20

T11 T12 T13 T14 T15 T16 T17 T18 T19 T20
Whole section, average method
Minimum 10.00 12.00 4.00 15.00 6.00 11.00 10.00 4.00 15.00 30.00
Maximum 56.00 41.00 58.00 64.00 48.00 61.00 56.00 56.00 73.00 88.00
Mean 28.20 24.43 20.50 37.20 2497 31.30 29.27 21.93 37.13 59.90
Median 26.00 25.00 19.00 38.00 24,00 27.00 28.50 21.00 35.50 59.00
SD 12.50 712 11.77 10.09 10.24 13.08 12.76 10.58 12.74 14.68
SE 2.28 1.30 2.15 1.84 1.87 2.39 2.33 1.938 2.33 2.68
Whole section, hot spot method
Minimum 24.80 23.50 13.50 20.60 17.50 27.00 15.80 16.50 33.30 62.50
Maximum 62.20 56.00 36.50 59.50 61.00 79.30 54.50 49.00 72.50 94.00
Mean 44.59 35.74 26.73 41.71 34.40 56.43 37.03 29.38 51.58 82.50
Median 46.00 34.00 26.85 41.75 35.80 55.85 39.00 28.45 49.75 83.35
SD 9.65 8.71 6.14 8.42 9.26 11.46 9.60 7.81 9.35 7.86
SE 1.76 1.59 1.12 1.54 1.69 2.09 1.75 1.43 1.71 1.44
Tissue microarray
Minimum 17.50 11.60 8.00 15.80 13.00 37.00 8.00 11.00 29.00 68.00
Maximum 60.00 49.00 37.00 55.00 49.00 80.00 46.00 40.00 75.00 96.00
Mean 45.62 32.99 18.19 31.46 28.42 59.07 26.83 24,09 50.33 83.97
Median 47.00 33.00 17.50 31.00 25.50 57.50 27.00 22.00 47.50 83.50
SD 10.78 9.11 6.98 8.38 8.97 10.11 9.61 714 10.72 7.40
SE 1.97 1.66 1.27 1.58 1.64 1.85 1.76 1.30 1.96 1.35

Values are presented as percentage.
SD, standard deviation; SE, standard error of mean.
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0.895 (95% CI, 0.829 to 0.948). Because the TMA was con-
structed from the hot spot areas in T11-T20, we also compared
the Ki-67 indices acquired by hot spot method in whole sec-
tions with those in TMA (Table 1). In T11-T20, the ICC of TMA
was higher than that of whole sections using hot spot method
(TMA: ICC, 0.895 [95% CI, 0.798 to 0.966]; whole section:
ICC, 0.737 [95% CI, 0.561 to 0.905)).

To assess the effect of the presence of hot spots on direct count-
ing, we compared the ICC of tumors without hot spots (T1-
T10) with that of tumors with hot spots (T11-T20). Ki-67 in-
dices using the average method were used for analysis in both
T1-T10 and T11-T20. The ICC of T1-T10 was 0.874 with a
95% CI of 0.761-0.959, and the ICC of T11-T20 was 0.736
with 2 95% CI of 0.559-0.904 in whole sections. The ICC of
tumors with hot spots was significantly lower than that of tu-
mors without hot spots using the same method of counting.

We also compared the ICC of two different counting meth-
ods applied in T11-T20: hot spot method versus average meth-
od (Table 1). In general, the mean Ki-67 indices resulting from
the hot spot method was higher than those yielded using the av-
erage method. However, there was no difference between the
ICC value of the former (ICC, 0.737 [95% CI, 0.561 to 0.905]
and latter ICC, 0.736 [95% CI, 0.559 to 0.904]).

Categorical estimation

The Ki-67 indices in each tumor calculated by rough estima-
tion for whole sections and TMAs are presented in Fig. 4. In
whole sections, Ki-67 indices belonged to two categories in six

Whole sections
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cases, three categories in six cases, four categories in seven cases,
and five categories in the remaining one case. In TMAs, they
were assigned to one category in one case, two in six, three in
eight, and four in the remaining five cases. Ki-67 for T15 in pat-
ticular, showed a poor concordance between observers in the
whole section. One observer assessed Ki-67 index as less than
5% while another assessed it as more than 50%. Rough estima-
tion in TMA resulted in a narrower distribution of Ki-67 cate-
gories in six cases (T11 and T15 through 20) and a wider dis-
tribution of Ki-67 in three cases (T7, T10, and T14) compared
with that in whole sections. Based on the distribution of Ki-67
indices, the rough estimation method was not better than the
direct counting method.

Additionally, we compared the Ki-67 indices acquired by
rough estimation in whole section using hot spot method with
those in TMA for T11-T20 (Table 2). The distribution of Ki-67
categories was mainly restricted to two continuous categories in
both platforms. In T11-T20, we also compared the Ki-67 indi-
ces acquired by categorical estimation in two different ways:
hot spot method versus average method (Table 2). We observed
that tumors tended to be categorized into higher categories and
the range of distribution was decreased using the hot spot
method compared with the average method.

DISCUSSION

Although Ki-67 index in breast cancer has predictive and
prognostic values, it has not been accepted as a standard predic-

Tissue microarray
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Fig. 4. Distribution of Ki-67 indices in whole sections (A) and tissue microarray slides (B) in categorical estimation. The Ki-67 indices mea-
sured by categorical estimation in whole sections and TMAs show a wide distribution in some cases.
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Table 2. Ki-67 index assessment by rough estimation method in whole sections and tissue microarray in T11-T20

T11 T12 T13

T14 T16 T16 T17 T18 T19 T20

Whole section, average method

<5% 0 0 1
5t0<10% 0 1 7
10to <20% 156 16 16
20 to <50% 3 13 6
>50% 2 0 0
Whole section, hot spot method
<5% 0 0 0
510 <10% 0 0 1
10 to <20% 0 4 8
200 <50% 22 24 20
>50% 8 2 1
Tissue microarray
<5% 0 0 1
510 <10% 0 0 10
10to <20% 0 7 15
200 <50% 12 23 4
>50% 18 0 0

0 1 1 0 0 0 0
0 2 0 1 4 0 0
0 19 11 15 15 2 0
28 7 16 13 10 21 3
2 1 2 1 1 7 27
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 6 1 0 6 0 0
15 22 8 20 22 8 0
15 2 21 10 2 22 30
0 0 0 0 0 0 0
1 1 0 1 0 0 0
6 1 2 13 8 0 0
22 18 12 16 22 12 0
1 0 16 0 0 18 30

The numbers presented indicate the number of cases that belong to each category.

tive or prognostic biomarker due to variability in its measure-
ment. Thus, in this study, we performed a multicenter study to
assess the degree of interobserver variability in Ki-67 index mea-
surement and to find factors that contribute to its variability.

As there is no statistical criterion defining “high” concordance,
one study assumed it to be having an ICC of approximately
0.9." The ICCs for various measurements taken in our study
wete in the range of 0.7-0.8. Thus, interobsetver concordance
in Ki-67 measurement was moderately good at best for all set-
tings. We were, however, able to deduce some important con-
clusions from our study. With the participation of thirty differ-
ent institutions, we evaluated interobserver variability in Ki-67
index measurement specifically depending on the area of selec-
tion, intratumoral heterogeneity, and counting method, which
we held especially important among several factors that are
known to influence Ki-67 measurement variability.

Previous studies evaluating interobserver variability of Ki-67
measurement have used either core biopsy samples or TMAs.
However, this study is the first one, to our best knowledge, to
have made direct comparisons between the whole section and
TMA preparations from the same tumor sample. While restrict-
ing the area of counting increased concordance between the ob-
servers by a small amount (TMA: ICC, 0.895 [95% CI, 0.829 to
0.948]; whole section: ICC, 0.858 [95% CI, 0.774 to 0.929]),
the difference was not significantly large. However, in tumors
with hot spots (T11-T20), the ICC of TMA was much higher
than that of whole sections using either average method or hot

http://jpatholtm.org/

spot method (TMA: ICC, 0.895 [95% CI, 0.798 to 0.966];
whole section, average method: ICC, 0.736 [95% CI, 0.559 to
0.904]; whole section, hot spot method: ICC, 0.737 [95% CI,
0.561 to 0.905]). Similarly, in categorical estimation, the range
of distribution in Ki-67 categories was decreased when count-
ing in TMA in the cases with hot spots. Thus, restricting the area
of counting seems to be a critical factor affecting concordance in
Ki-67 measurement.

Because some breast cancers possess intratumoral heterogene-
ity in tumor cell proliferation, a manifestation of which is the
presence of hot spots in Ki-67 expression, we attempted to ana-
lyze the degree of difference in Ki-67 measurement between ob-
servers in two ways. Dividing those cancers with and without hot
spots and measuring ICCs of the two groups for the average
counting method yielded an ICC of 0.874 for T1-T10 (95%
CI, 0.761 to 0.959) and 0.736 (95% CI, 0.559 to 0.904) for
T11-T20 in whole sections. Thus, the ICC of tumors with hot
spots was much lower than that of tumors without hot spots;
such finding that tumors with hot spots exhibit greater interob-
server variability is not counterintuitive. A more interesting
finding is that within this subset of tumors with hotspots, when
we measured the degree of difference in Ki-67 measurement with
regards to counting an average of the entire field or taking a
single count from the hot spot only, there was no difference be-
tween the ICC value of the former (ICC, 0.736 [95% CI, 0.559
to 0.904]) and latter (ICC, 0.737 [95% CI, 0.561 to 0.905]).
We expected that the ICC for whole section using hot spot

http://dx.doi.org/10.4132/jptm.2015.12.24



method would be higher than that for whole section using aver-
age method. However, even within the hot spots, it was likely
that observers chose different areas for counting, and the distri-
bution of Ki-67—stained tumor nuclei was variable.
Interpretation of the weakly stained nuclei as either positive
or negative staining may be an important factor contributing to
variability in Ki-67 measurement. However, we did not inves-
tigate this interpretative issue in the current study. We used a
mouse monoclonal antibody MIB-1 for Ki-67 immunostaining.
It yielded similar yet less intense staining results compared with
rabbit monoclonal antibody SP6 using the central laboratory
equipment (data not shown). SP6 was employed in many previ-

ous pivotal studies®'”*

and showed increased sensitivity com-
pared to mouse monoclonal antibodies."”'*** However, the cur-
rent recommendations from the International Ki-67 in Breast
Cancer Working Group states only MIB-1 as the antibody en-
dorsed in Ki-67 measurement."””" Further comparative studies
using different clones for Ki-67 and interpretation of weakly
stained nuclei will be needed.

In order to assess interobserver variability depending on the
counting method (in categories or direct numbers), each observer
was instructed to take these two counting methods for each sam-
ple: for direct counting, more than five hundred cells were count-
ed from at least three representative areas. For categorical count-
ing, the observers made an estimate of the percentage of positive
tumor cells into five categories (category 0, < 5%; category 1,
5%-10%; category 2, 10%-20%; category 3, 20%—50%; and
category 4, 250%). Although Ki-67 indices belonged to two
categories in six cases on whole section and TMA (one case on
TMA belonged to only one category), they had a wide distribu-
tion belonging to more than three categories in the remaining
cases. Moreover, the cases with Ki-67 index within 10%—-20%,
which includes the cutoff value of 14% used for distinction of
luminal A and luminal B subtypes in breast cancer, showed wide
distribution in rough estimation from category 0 to 4. There-
fore, rough estimation methods may be worse than direct count-
ing method in terms of interobserver concordance.

A limitation of our study includes a small number of tumor
samples. Although each tumor sample was presented in two
platforms of whole section and TMA, and each observer made
at least a few countings for each sample for various settings, the
absolute sample number was only twenty, which is the major
reason we restricted our statistical analysis to evaluating ICCs.

Finally, all of the observers were given the liberty of using ei-
ther manual or digital counting, and two observers made direct
counting via DIA. However, we were not able to make direct

http://dx.doi.org/10.4132/jptm.2015.12.24
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comparisons between the two methods due to the small sample
size. DIA enables a much quicker measurement, and its clinical
utility seems promising. One group has reported that automat-
ed Ki-67 measurement was almost as comparable as visual esti-
mation in precision and prognostic ability,”> and Laurinavicius
et al.” have suggested specific methodologies in using DIA for
Ki-67 measurement. Standardization of DIA techniques may
offer more consistent results between observers in the future, and
its application using standard protocols should be studied in
further studies.

In conclusion, our nationwide thirty-center study of Ki-67 in-
terobserver variability showed that interobserver variability in
measuring this critical biomarker is high. Although direct com-
parison between direct counting and rough estimation into cat-
egories was impossible due to statistical issues, direct counting
seems to result in less interobserver variability. Thus, we recom-
mend that Ki-67 measurement be performed by direct count-
ing rather than by rough categorical estimation. Tumors with
hot spots generally showed greater interobserver variability than
those without hot spots. However, restricting the area of mea-
surement to TMA platform resulted in decreased interobserver
variability, even in tumors with hot spots. At this point, we can-
not put down a specific number for the area of selection, and fur-
ther studies are needed; however, we can propose that the area
of selection should be confined to a specific area, such as the pe-
riphery of the tumor or hot spots (in cases with hot spots). Lastly,
we urge future analyses comparing manual counting versus DIA
in Ki-67 measurement since DIA seems to reduce not only in-
traobserver variability but also interobserver variability so that
this critical biomarker can be used with a greater confidence in
clinical practice.

*The Korean Breast Pathology Ki-67 Study Group
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