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ABSTRACT

Purpose: To standardize the methods to measure Ki-67, there is an interest in automating the assessment of
Ki-67. Therefore, we reviewed the possibility of introducing an automated analyzer to standardize the Ki-67
evaluation method. Methods: We retrospectively reviewed a clinical database of patients who underwent surgery
for early breast cancer at Tokyo-West Tokushukai Hospital. Among them, those who underwent preoperative
core needle biopsy (CNB) were enrolled. The concordance rates of estrogen receptor (ER), progesterone receptor
(PgR), human epidermal growth factor receptor 2 (HER?2), and Ki-67 by local pathologists were reviewed (valu-
ations made by local pathologists), and nonmatching cases (from August 2008 to October 2011) were reassessed
both by central review and using an automated analyzer with virtual slides. The results were compared with the
evaluations made by local pathologists, and we reexamined the concordance rate by using central review and the
automated analyzer. Results: The concordance rate of Ki-67 evaluations made by local pathologists in the preo-
perative CNB and surgical specimens was 78.7% in 287 cases pathologically assessed from October 2008 to
March 2013. This rate was significantly lower (p < 0.01) than that of ER (95.6%), PgR (88.5%), and HER2
(91.6%). Reassessment of the 37 cases of nonmatching Ki-67 values from 2008 to October 2011 using central re-
view and an automated analyzer resulted in clear improvement in matching of 22 (92.1%) and 24 (93.1%) of 37
cases, respectively. Conclusion: The concordance rate of Ki-67 in preoperative CNB and surgical specimens was
lower than that of other biological markers; however, they were nearly equal by reassessment using central re-
view and an automated analyzer.
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1. Introduction ences in pre- and post-treatment using Ki-67 are report-
edly related to preoperative hormone therapy as a pre-
dictor of prognosis and treatment outcome [8-12]. How-
ever, there are certain limitations to the Ki-67 index, in-
cluding standardization of a measurement method, repro-

ducibility of measurement results, and establishment of

Expression of the nuclear nonhistone protein Ki-67 (pro-
liferation-related Ki-67 antigen) is associated with cell
proliferation during interphase and commonly used as a
predictive and prognostic marker of breast cancer [1-7].

In particular, in neoadjuvant endocrine therapy, differ-
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cut-off values [13-16]. The core needle biopsy (CNB)
procedure is almost as accurate as immunohistochemical
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analysis of surgical specimens for breast cancer diagnosis
and is now widely accepted as the standard diagnostic
procedure [17-20]. However, previous reports have shown
variations in Ki-67 expression among pretreatment CNB

specimens and post-treatment surgical specimens [21-23].

Therefore, it is important to consider potential discrepan-
cies in Ki-67 values between CNB and surgical speci-
mens, even in patients who receive no preoperative treat-
ment, to standardize Ki-67 measurements in preoperative
hormone therapy.

In preanalytic validity, formalin fixation condition can
adversely affect the measurement results. Equally in ana-
Iytical validity, tumor heterogeneity and the lack of stan-
dard measuring method by pathologists may affect Ki67
measurement [11]. We had previously reported that these
factors might affect the concordance rate for Ki-67 ex-
pression between CNB and surgical specimens, and we
suggest that standardization of the measurement method
by pathologists is most important [21]. However human
observers spend considerable time and effort assessing
large tissue areas and performing central reviews in gen-
eral medical facilities which is difficult. Consequently,
this retrospective study was conducted to assess the pos-
sibility of introducing an automated analyzer for assess-
ment by comparing diagnoses made by local pathologists
and reassessment by central review to standardize an
evaluation method of the Ki-67 LI in primary breast can-
cer.

2. Methods
2.1. Patients and Materials

We retrospectively analyzed the medical records of 446
primary breast cancer patients who underwent their first
surgeries from August 2008 to March 2013 and selected
287 who underwent preoperative CNB at Tokyo-West
Tokushukai Hospital (Tokyo, Japan). For CNB, a 16- or
18-gauge automated needle device with a 22-mm throw
biopsy gun was used. Three or more CNB specimens
were obtained from each patient and placed in 20% for-
malin for 6 - 48 h. The original tumors were fixed in buf-
fered formalin and embedded in paraffin. One represent-
ative tissue block for each tumor was selected for routine
immunohistochemical (IHC) analysis of ER, PgR, HER?2,
and Ki-67 levels, which were conducted by many unspe-
cified registered local pathologists. Patients with ductal
carcinoma in situ and those that received neoadjuvant
chemotherapy were excluded.

2.2. Ki-67 Scoring

Immunohistochemical staining was quantitatively evalu-
ated by light microscopy, in which the entire tissue sec-
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tion was scanned at low-power magnification (10x) to
determine areas with the highest number of positive nu-
clei (hot-spots) within the invasive component. Ki-67
was expressed as the percentage of cells positive for mind-
bomb E3 ubiquitin protein ligase 1 (MIB-1) among a to-
tal of atleast 1000 malignant cells at high-power magni-
fication (40x%). Nuclear staining of the tumor cells was
considered negative if 14% or fewer of the cells were
stained for Ki-67 and as positive if more than 14% were
stained for KI-67. An MIB-1 clone (Dako, Carpinteria,
CA, USA) was used for immunohistochemical analysis
of Ki-67.

2.3. Assessment of Other Biomarkers

An IHC score of at least 10% positive cells was used to
define ER/PgR positivity. A positive score for HER2 was
either HER2 3+ by IHC analysis (defined as uniform
intense membrane staining of >30% of invasive tumor
cells) or fluorescence in situ hybridization (ratio of
HER?2 to chromosome 17 centromere of >2.0).

2.4. Reassessment of Ki-67 by Central Review

A central review by a professionally trained physician
was performed by scanning magnification to count at
least 1000 cells in the most densely labeled areas. For all
nonmatching cases, the percentage of tumor cells with
any nuclear staining was recorded. The central review
used calculations based on the hot-spot counting method
because counting the area with the highest number of po-
sitive cells was more reproducible compared to random
counting.

2.5. Virtual Slides and Automated Analyzer

The 37 cases with nonmatching Ki-67 scores (74 slides)
were scanned using the slide scanner with a 20x objec-
tive and reassessed using the image management soft-
ware system. The image management software system
employs image analysis techniques with predefined pa-
rameters to obtain Ki-67 scores. The hot-spot counting
method was used with the automated analyzer. Nuclear
identification was automatically performed using image
analysis algorithms, which involved the following steps:
1) image enhancement, in which the image contrast is
adjusted to make it suitable for analysis; 2) identification
of the epithelial area, which is defined as the image re-
gion in which there was a possibility of the presence of
epithelial cells; 3) identification of the nucleus; 4) classi-
fication of cells based on the extent and intensity of nuc-
lear staining; and 5) computing the score. The algorithm
will reject elongated nuclei regardless of the overall cell
shape; therefore, tumors containing large numbers of
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cells with elongated nuclei must be manually evaluated.

2.6. Comparison of Automated and
Central/Local Pathology Assessment

All cases were evaluated by local registered pathologists.
Although many different systems for grading pathologi-
cal responses have been proposed, no standard method
has yet been adopted. The concordance rates for assess-
ment of ER, PgR, HER2, and Ki-67 by local pathologists
were reviewed, and in cases of nonmatching Ki-67 scores,
the tumor diameters (approximately indicative of tumor
heterogeneity) and surgical method (approximately in-
dicative of formalin fixation condition) were evaluated.

Further, the 37 cases with nonmatching Ki-67 scores
(74 slides) from August 2008 to October 2011 were re-
assessed by central review using an automated analyzer
with virtual slides and compared with pathological eval-
uations. Reassessments of the 37 cases with nonmatching
Ki-67 values, as determined by central review and the
automated analyzer, were calculated using a hot-spot
counting method because areas with the highest number
of positive cells were used rather than random counting
to enhance reproducibility.

Statistically significant differences between the con-
cordance rates of the two specimen types were evaluated
using the Wilcoxon t-test. To evaluate the consequence
of formalin and genetic heterogeneity, parameters, such
as the surgical method and tumor size, were analyzed us-
ing the chi-squared test.

According to the policies of our institutional ethics com-
mittee, general consent was obtained from all patients re-
ceiving medical care.

3. Results

The mean patient age was 56.4 years (median, 55.5 years;
range, 30 - 91 years). Seventy-three patients ultimately
underwent mastectomy and the remainder underwent
breast-conserving surgery. A total of 227 cases were
ER-positive and 47 ER-negative for both CNB and sur-
gical specimens. Six cases had ER-positive CNB speci-
mens and negative surgical specimens, and seven cases
had negative CNB specimens and positive surgical spe-
cimens. A total of 163 cases had PgR-positive CNB and
surgical specimens, 91 had negative CNB and surgical
specimens, 16 had positive CNB specimens and negative
surgical specimens, and 17 had negative CNB specimens
and positive surgical specimens. Regarding HER2 ex-
pression, 40 cases had positive CNB and surgical speci-
mens, 210 had negative CNB and surgical specimens, 16
had positive CNB specimens and negative surgical spe-
cimens, and seven had negative CNB specimens and
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positive surgical specimens. Regarding Ki-67, 144 cases
had positive CNB and surgical specimens, 82 had nega-
tive CNB and surgical specimens, 37 had positive CNB
specimens and negative surgical specimens, and 24 had
negative CNB specimens and positive surgical specimens.
The concordance rates of marker expression between the
CNB and surgical specimens are shown in Tables 1-4. In
our series, the concordance rate for Ki-67 expression
between the two specimen types was 78.7%, which was
significantly lower than that for ER, PgR, and HER2
(95.5%, 88.5%, and 91.6%, respectively; Table 5).

Analytical results of tumor staging (approximately in-
dicative of tumor heterogeneity) and the surgical me-
thods (approximately indicative of differences in forma-
lin fixation conditions) are shown in Table 6. No signif-
icant difference in parameters, such as tumor stage (pT1
vs. >pT2) and surgical method (mastectomy vs. breast-
conserving surgery), were observed between the two
patient groups.

Table 1. Concordance rates between CNB* and surgical
specimens for ER® status.

Positive surgical Negative surgical

specimens specimens
Positive (CNB) 227 6
Negative (CNB) 7 47

Concordance rate for ER: 95.5%; *core needle biopsy; %estrogen receptor.

Table 2. Concordance rates between CNB* and surgical
specimens for PgR® status.

Positive surgical Negative surgical

specimens specimens
Positive (CNB) 163 16
Negative (CNB) 17 91

Concordance rate for PgR: 88.5%; “core needle biopsy; °progesterone re-
ceptor.

Table 3. Concordance rates between CNB* and surgical
specimens for HER2" status.

Positive surgical Negative surgical

specimens specimens
Positive (CNB) 40 16
Negative (CNB) 7 210

Concordance rate for HER2: 91.6%; “core needle biopsy; ® human epidermal
growth factor receptor 2.

Table 4. Concordance rates between CNB* and surgical
specimens for Ki-67 expression.

Positive surgical Negative surgical

specimens specimens
Positive (CNB) 144 37
Negative (CNB) 24 82
Concordance rate for Ki-67: 78.7%; “core needle biopsy.
JCT
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Table 5. Comparison of concordance rates between ER,
PgR, and HER2 with that of Ki-67.

Concordance Comparison of concordance
rates rates with Ki-67
ER 95.5% p<0.01
PgR 88.5% p <0.01
HER2 91.6% p<0.01
Ki-67 78.7%

Table 6. No significant difference between tumor stage and
surgical methods.

Match Non-match
(n=226) (n=61)
Age 56.1(30-91) 57.8(35-79) p=ns
Tumor stage p=ns
pT1 144 (63.7%) 38 (62.3%)
>pT2 82 (36.3) 23 (27.7%)
Types of surgery p=ns
BCS 144 (63.7%) 36 (59.0%)
Mastectomy 82 (36.3) 25 (41.0%)

Reassessment (October 2008-October 2011) of the 37
cases with unequal Ki-67 scores after assessment by lo-
cal pathologists resulted in matching of 22 cases by cen-
tral review and 24 using the automated analyzer. The
concordance rate of the re-examined specimens among
the Ki-67 discordant group by central review and using
the automated analyzer improved to 92.1% and 93.1%,
respectively, but this was not significantly different from
that of the other receptors.

4. Discussion

The results of the present study showed that the concor-
dance rate assessed by local pathologists between Ki-67
expression in the preoperative CNB and surgical speci-
mens was 78.7% in the 287 cases from October 2008 to
March 2013, which was significantly lower (p < 0.01)
than that for ER (95.5%), PgR (88.5%), and HER2
(91.6%). Among the nonmatching cases, no differences
were observed in tumor diameter or surgical method.
Reassessment (October 2008-October 2011) of the 37
cases not matching for Ki-67 after local pathologist as-
sessments resulted in matching in 22 cases by central
review and 24 cases using the automated analyzer. The
concordance rate of the re-examined specimens among
the Ki-67 discordant group by central review and using
the automated analyzer improved to 92.1% and 93.1%,
respectively, which was not significantly different from
that of the other receptors.

The International Ki67 in Breast Cancer Working
Group published their recommendations for Ki67 as-
sessment in breast cancer in 2011. However, these rec-
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ommendations included no established quality assurance
schemes to ensure that the procedures for Ki67 analysis
in one laboratory lead to comparable scores in others [11].
Thus, the direct application of specific cut-off rates for
comparison must be considered unreliable unless the ana-
lyses were performed in a high-volume laboratory with
its own reference data. However, this article did not refer
to the use of an automated analyzer among its recom-
mendations.

Some studies have analyzed the reliability of Ki-67
assessment in breast cancer using the automated analyzer
in comparison to human counts. Fasanella et al. [24]
analyzed 315 consecutive breast cancer specimens im-
munostained for Ki-67 that were examined both by an
experienced pathologist and computer-assisted image
analysis (CAIA) and showed a correlation between the
human and CAIA evaluations, although the CAIA values
were slightly lower [24]. Mohammed et al. [25] com-
pared visual and automated Ki-67 assessment methods
and survival in 379 breast cancer patients and reported
that the methods were in excellent agreement. Further-
more, univariate analysis revealed that visual and auto-
mated Ki67 assessment methods were associated with
overall cancer-specific survival in patients with invasive
ductal breast cancer and in those who received endocrine
therapy.

In this study, we analyzed the concordance rates be-
tween tumor diameter and its equivalence to tumor hete-
rogeneity as well as compared Ki-67 expression to de-
termine the effect on tumor heterogeneity, but found no
significant correlation. Furthermore, no significant cor-
relation was observed among the concordance rates be-
tween the surgical method and its equivalence to forma-
lin fixation conditions as well as Ki-67 regarding the ef-
fect on formalin fixation. To assess the lack of a standard
measurement method among pathologists, we re-exa-
mined cases showing a discordance in Ki-67 assessment
through a central review. The concordance rate between
preoperative CNB specimens and surgical specimens
assessed by local pathologists was lower for Ki-67 ex-
pression than that of the other biological markers. How-
ever, these rates became nearly equal after reassessment
of Ki-67 by central review and using the automated ana-
lyzer. The automated analyzer has the advantage of
measuring a much greater number of cells and reduces
the time to acquire results compared to human observa-
tions. Manual observation requires considerable time and
effort to assess large tissue areas and performing central
reviews in general medical facilities is difficult. Our re-
sults showed that the use of an automated analyzer for
Ki-67 assessment can solve this problem.

Major limitations to this study included the retrospec-
tive nature of the review with limited objective endpoints
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and case selection was non-randomized and limited to a
single oncology center. Furthermore, reassessment by
central review and using an automated analyzer was per-
formed for only the nonmatching cases. Despite these
limitations, this retrospective analysis highlighted the
importance for standardization of pathological methods
for assessment of Ki-67 in clinical use.

5. Conclusion

In conclusion, central review and the use of an automated
analyzer can improve the accuracy of Ki67 assessment.
The results of this study confirmed the necessity of a
standardized evaluation method for Ki-67 expression in
breast cancer to overcome the disadvantages of variable
counting methods and measurement sites. Our data sug-
gest that the use of an automated analyzer can assist in
the standardization of a Ki-67 evaluation method.
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