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Although an important biomarker in breast cancer, Ki67 lacks scoring standardization, which has limited its
clinical use. Our previous study found variability when laboratories used their own scoring methods on centrally
stained tissue microarray slides. In this current study, 16 laboratories from eight countries calibrated to a specific
Ki67 scoring method and then scored 50 centrally MIB-1 stained tissue microarray cases. Simple instructions
prescribed scoring pattern and staining thresholds for determination of the percentage of stained tumor cells. To
calibrate, laboratories scored 18 ‘training’ and ‘test’ web-based images. Software tracked object selection and
scoring. Success for the calibration was prespecified as Root Mean Square Error of scores compared with
reference o0.6 and Maximum Absolute Deviation from reference o1.0 (log2-transformed data). Prespecified
success criteria for tissue microarray scoring required intraclass correlation significantly 40.70 but aiming for
observed intraclass correlation ≥0.90. Laboratory performance showed non-significant but promising trends of
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improvement through the calibration exercise (mean Root Mean Square Error decreased from 0.6 to 0.4,
Maximum Absolute Deviation from 1.6 to 0.9; paired t-test: P= 0.07 for Root Mean Square Error, 0.06 for Maximum
Absolute Deviation). For tissue microarray scoring, the intraclass correlation estimate was 0.94 (95% credible
interval: 0.90–0.97), markedly and significantly 40.70, the prespecified minimum target for success. Some
discrepancies persisted, including around clinically relevant cutoffs. After calibrating to a common scoring
method via a web-based tool, laboratories can achieve high inter-laboratory reproducibility in Ki67 scoring on
centrally stained tissue microarray slides. Although these data are potentially encouraging, suggesting that it
may be possible to standardize scoring of Ki67 among pathology laboratories, clinically important discrepancies
persist. Before this biomarker could be recommended for clinical use, future research will need to extend this
approach to biopsies and whole sections, account for staining variability, and link to outcomes.
Modern Pathology (2015) 28, 778–786; doi:10.1038/modpathol.2015.38; published online 20 February 2015

The nuclear proliferation marker Ki67 has potential
utility in the clinical management of breast cancer.1–5
Oncologists frequently consider Ki67 index in making
decisions about whether or not to administer che-
motherapy. The American Society of Clinical Oncol-
ogy, however, has refrained from recommending the
use of Ki67 in clinical practice in large part due to
lack of standardization in Ki67 assessment.6 A recent,
comprehensive review found that, although Ki67 has
clinical validity when scored by central laboratories,
analytical standardization is needed.7 Despite such
reservations, a recent consensus of international
breast cancer experts has recommended using Ki67
via immunohistochemistry to guide clinical decisions
regarding the use of adjuvant chemotherapy.8

In 2009, the International Ki67 in Breast Cancer
Working Group of the Breast International Group and
North American Breast Cancer Group formed to
address the problem of inter-laboratory inconsistency
in Ki67 assessment. It proposed guidelines for
preanalytical and analytical conditions for Ki67
assessment, as well as for interpretation, scoring,
and related data handling.1 In 2011–2012, the Work-
ing Group carried out an international reproducibility
study focusing on how much variability among Ki67
scores from different laboratories was contributed by
scoring and staining procedures (‘Phase 1’). Findings
from that study, which included eight highly experi-
enced laboratories applying their own best practices
to tissue microarray slides, revealed substantial
variation in Ki67 scores among laboratories, on both
centrally and locally stained sections (intraclass
correlation of 0.71 and 0.59, respectively).9

To determine whether standardization of Ki67
scoring methodology could result in high concor-
dance in scores among laboratories, the Working
Group in 2012–2013 undertook a second study (‘Phase
2’), in which laboratories were asked to calibrate to a
specified Ki67 scoring method before scoring centrally
stained tissue microarray slides. The findings from this
second study are reported here.

Materials and methods

This study was approved by the British Columbia
Cancer Agency Clinical Research Ethics Board

(protocol H10-03420). All tissue microarray cases
represented clinical cases of invasive breast carcino-
mas diagnosed in British Columbia during 2009–
2010, described previously.9

Central staining used the MIB-1 clone, mouse
monoclonal antibody (Dako, Carpinteria, California).
Ventana CC1 was used for the antigen retrieval (1:50
MIB-1 dilution, 32min MIB-1 incubation), and
UltraMap for detection. Counterstaining was per-
formed using hematoxylin Gill1 (Ventana), 8min
staining time.

Web-Based Calibration Exercise

Laboratories calibrated to a prescribed scoring method
using a web-based tool. Nine ‘training’ and nine ‘test’
tissue microarray cases representing a wide range of
Ki67 scores served as the calibration cases, chosen
from one of the 50-core (1mm) centrally MIB-1-
stained breast cancer tissue microarrays used in
Phase 1. Images of the cores were uploaded to a
website designed by the Genetic Pathology Evalua-
tion Centre at the University of British Columbia.10

The website interface allowed laboratories to score
the web-image cores via computer mouse click on
individual cells. The website software tracked which
cells were scored, how they were scored (positive or
negative), and overall Ki67 score for each core.
Images of hematoxylin and eosin-stained sections
were also uploaded for reference.

The specific Ki67 scoring procedure prescribed for
this study involved counting 250 cells at the top of
the tissue microarray core and 250 cells at the
bottom, with any level of brown nuclear staining in
invasive cancer cells considered ‘positive’ (Supple-
mentary Information S1). This formal counting
method was chosen as it was a simple method that
showed high intra-laboratory reproducibility in
Phase 1.9 Our Phase 1, as well as studies by others,
found counting to give more consistent results than
visual estimation.9,11,12 During the calibration exer-
cise, refinements were made to the scoring instruc-
tions. For example, a ‘sampler’ of images was
provided to demonstrate lightest to darkest staining
that should be considered ‘positive’ or ‘negative’.
The scorers were also reminded not to score ductal
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carcinoma in situ, with example images provided
(Supplementary Information S1).

Two laboratories (Laboratories E and H) yielding
the highest internal consistency in Phase 19 served as
reference laboratories for the calibration exercise.
The average of their scores for each core served as
the reference scores. Seventeen non-reference
laboratories scored the training and test cases
following the instructions described above. A labora-
tory ‘passed’ the training or testing if it met preset
performance criteria (see Statistical Analyses and
Supplementary Information S2). If a non-reference
laboratory did not ‘pass’ the training, it was asked to
learn from its discrepancies with reference scoring
by comparing its scored images with scored refer-
ence images on the website, where the scorer could
zoom in or out as needed (Figure 1). Laboratories
were allowed multiple attempts on the training set
and had to ‘pass’ the training to proceed to the test
cases. In the test set, only one attempt was allowed,
and reference images were not shown.

Scoring-on-Glass Experiment

Sixteen (including the two calibration reference
laboratories) of the 19 laboratories participated
in the ‘scoring on glass’ study after calibrating to
the prescribed method. Eight countries were
represented.

The laboratories scored 50 prestained (MIB-1,
Dako, Carpinteria, California) 1-mm cores on a tissue
microarray glass slide following scoring instructions
similar to those used in the calibration exercise
(Supplementary Information S3). The 50 cases

resided on the Phase 1 tissue microarray block not
used for selecting the calibration cases.

Three Ki67-stained sections of this tissue micro-
array (from the same ribbon of serial sections) were
mounted on glass slides and distributed among the
16 laboratories. Laboratories were assigned to
Groups based on which specific tissue microarray
section they scored: Group 1 (7 laboratories), Group
2 (4 laboratories), Group 3 (5 laboratories). All
laboratories that had participated in our prior Phase
1 study9 were placed into Group 1.

Laboratories used a web-based counter application
while scoring the glass slide under a microscope.
This counter captured each laboratory’s Ki67 score
per core (including numbers of cells scored positive
or negative), time spent, and any comments. Images
of hematoxylin and eosin-stained sections from the
cores were also made available on the website for
reference.

Statistical Analyses

Calculation of Ki67 score. Ki67 score was defined
as the percentage of invasive cancer cells positively
stained in the examined region. For the statistical
analyses, these scores were transformed to a loga-
rithmic scale by adding 0.1% and applying a log base
2 transformation to satisfy model assumptions of
normality and constant variance.1 For example,
a Ki67 score of 30% would be transformed to
log2(30.1) = 4.912.

Web-based calibration exercise. Prespecified cri-
teria for evaluating whether a laboratory passed the
calibration ‘training’ and ‘testing’ reflected deviation

Figure 1 Example of feedback provided to scorer in the calibration exercise. Red=Scorer assessed nucleus as Ki67 positive.
Green=Scorer assessed nucleus as Ki67 negative.
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of scores from reference scores (Supplementary
Information S2):

� Root Mean Square Error o0.6 (log2-transformed
data): Root Mean Square Error in a laboratory’s
scores compared with reference scores.

� Maximum Absolute Deviation o1.0 (log 2-trans-
formed data): Maximum Absolute Deviation of the
laboratory’s scores from the reference scores.

The paired t-test was used to compare the per-
formance measures from the training (first attempt)
and testing.

Scoring-on-glass experiment. ‘Success’ for the
scoring-on-glass was prespecified as an observed
intraclass correlation statistically significantly
40.70, the approximate intraclass correlation
observed in our Phase 1 study,9 in which experts
used their own scoring methods (see Supplementary
Information S4 for discussion of statistical power).
An intraclass correlation ranges from 0 to 1, with 1
representing perfect reproducibility.

Among laboratories scoring the exact same tissue
microarray section, the intraclass correlation repre-
sents the proportion of the total variability attribu-
table to biological variability among the 50 patient
tumor spots represented on the tissue microarray
section. This intraclass correlation will be referred to
as the same-section intraclass correlation.

Comparing between Groups of laboratories scoring
different sections of the same tissue microarray, a
slightly different intraclass correlation is computed
reflecting the proportion of variability attributable to
biological differences between patient tumors. In this
situation, the same patient tumor is represented on
three different tissue microarray sections, which may
introduce additional variability, for example, due to
intratumoral heterogeneity or assay variation. This
second type of intraclass correlation will be referred
to as the different-section intraclass correlation and
is expected to be less than the same-section
intraclass correlation.

The same-section and different-section intraclass
correlations were calculated from a variance compo-
nents model that quantified the contributions from
different sources of variability (see Supplementary
Information S4 for details). The sources of variability
(variance components) considered in the model
include patient tumor (νPatient), spot from the same
patient tumor on different tissue microarray sections
(νSpot), scoring laboratory (νLab), and residual error
(νError). Residual error includes within-scorer varia-
tion and any other variation not explained by the
other sources of variability.

Intraclass correlation estimates were computed as
same-section intraclass correlation= (νPatient+νSpot)/
(νPatient+νLab+νSpot+νError) and different-section intra-
class correlation = νPatient/(νPatient+νLab+νSpot+νError),
where each of νPatient, νLab, νSpot, and νError are
replaced by their estimated values obtained by fitting

the variance components model. Credible intervals
for the variance components and these intraclass
correlations were obtained using the Markov Chain
Monte Carlo routines for fitting generalized linear
mixed models (MCMCglmm package in R; see
Supplementary Information S4).

Secondary analyses examined concordance among
laboratories for dichotomized Ki67 scores (‘low’

versus ‘high’) for several cutoffs commonly used in
clinical practice or reported in the literature. To
obtain a simple statistic for each cutoff, a kappa
statistic was computed over all 16 laboratories.13

Exploratory analyses compared performance in
Phase 19 to performance in Phase 2.

All data analyses were performed using the R
language version 2.15.2. Sources of experimental
variation in log2-transformed Ki67 scores were
analyzed using random effects models as implemen-
ted in the R packages lme4 and MCMCglmm. Data
were visualized using boxplots and spaghetti plots.

Results

Web-Based Calibration Exercise

Twelve of the 17 non-reference laboratories partici-
pating in the calibration exercise met the prespeci-
fied passing criteria on their one allowed attempt at
scoring the calibration test set (Supplementary Table
S1). Failures to pass were all due to divergence from
reference scoring on the lowest Ki67 case. Table 1
presents performance measure summary statistics for
training (first attempt) and testing. Overall perfor-
mance of the laboratories through the calibration
exercise showed encouraging, but non-significant,
trends of improvement from first training attempt to
testing: mean Root Mean Square Error across
laboratories decreased from 0.6 to 0.4 (P=0.07) and
mean Maximum Absolute Deviation decreased from
1.6 to 0.9 (P=0.06) (paired t-test).

Scoring-on-Glass Experiment

Summary statistics for log2-transformed Ki67 scores
across the 16 laboratories participating in the
scoring-on-glass experiment are given in Table 2.
Figure 2 displays the side-by-side boxplots of
untransformed Ki67 scores across laboratories by
Group. A similar plot in which laboratories are
grouped by whether or not they passed the calibra-
tion test is provided in Supplementary Figure S1.

The same-section intraclass correlation estimate
was 0.94 (95% credible interval: 0.90–0.97), and the
different-section intraclass correlation estimate was
0.92 (95% credible interval: 0.88–0.96). Biological
variation among different patients was the largest
component of the total variation (νPatient = 1.40, 95%
credible interval: 0.91–2.12), followed by residual
variation (νError = 0.05, 95% credible interval:
0.04–0.05), then laboratory-to-laboratory variation

Modern Pathology (2015), 778–786

International Ki67 concordance study

M-YC Polley et al 781



(νLab = 0.04, 95% credible interval: 0.02–0.09), and
finally tissue spot within patient tumor (νSpot = 0.02,
95% credible interval: 0.01–0.03). The overall mean
level of Ki67 (μ) was 4.49 (log2-transformed data).

All intraclass correlations estimated in this study
—both same-section and different-section—met
the prespecified criteria for success as both 95%
credible intervals fell completely above intraclass
correlation= 0.70.

Figure 3 displays the variation in scores across
laboratories for the 50 cases. Highlighted (gray lines)
are the 26 cases for which at least one of the 16
laboratories reported a score in the clinically
relevant range of 10%≤Ki67≤20%. In only one of
those 26 cases did all laboratories report scores
confined to that range.

In a secondary analysis, six well-known Ki67
cutoffs were applied to the scoring-on-glass data.
Inter-laboratory concordance was found to be sub-
stantial for all the cutoffs and was best for the ≤ 5%
cutoff, where observed agreement was nearly perfect
(Table 3).

Exploratory comparison of the different-section
intraclass correlation= 0.92 (95% credible interval:
0.88–0.96) estimated in this study to the intraclass
correlation = 0.71 (95% credible interval: 0.47–0.78)
reported for the centrally stained sections from
our prior Phase 1 study9 suggests that there was
improvement in reproducibility. Although differ-
ences in the two studies’ designs prevented direct,
formal statistical testing for improvement in intra-
class correlation between the studies, the intraclass

Table 2 Summary statistics of log2-transformed Ki67 scores (percentage of invasive cancer cells scored positive), scoring on glass tissue
microarray slides (16 laboratories, 50 cases)

Laboratory Minimum Q1 Median Mean Q3 Maximum S.d. Missinga

Group 1b
G 0.59 3.52 4.34 4.23 5.26 6.25 1.34 1
A 1.20 3.98 4.69 4.51 5.27 6.24 1.17 0
H 0.93 4.29 4.96 4.70 5.52 6.24 1.16 0
E 0.93 3.57 4.32 4.17 4.95 5.95 1.08 0
C 1.32 4.38 5.07 4.86 5.66 6.35 1.15 4
B 1.43 4.02 4.81 4.57 5.32 6.10 1.04 0
D 0.38 3.97 4.69 4.41 5.16 6.31 1.26 0

Group 2b

L 0.14 3.94 4.54 4.42 5.28 6.33 1.28 2
M 0.14 4.11 4.74 4.46 5.27 6.31 1.35 0
N 1.07 4.26 4.86 4.71 5.48 6.47 1.20 1
O −0.15 3.80 4.57 4.29 5.21 6.30 1.38 0

Group 3b

P 0.38 3.73 4.57 4.25 5.03 5.81 1.19 0
Q 1.32 4.17 4.95 4.78 5.56 6.51 1.11 0
R 1.07 4.34 4.97 4.67 5.42 6.42 1.20 0
S 0.93 3.89 4.64 4.40 5.20 6.18 1.17 0
T 0.59 3.99 4.68 4.44 5.27 6.13 1.25 0

aNumber of cores not scored among the 50 cores. bGroups of laboratories were defined by which section of the tissue microarray they received for
scoring.

Table 1 Summary performance statistics across laboratories, calibration exercise

Root Mean Square Error
(first training attempt)

Root Mean Square
Error (test)

Maximum Absolute Deviation
(first training attempt)

Maximum Absolute
Deviation (test)

Minimum 0.205 0.14 0.349 0.288
25th percentile 0.309 0.286 0.656 0.552
Median 0.517 0.407 1 0.9
Mean 0.634 0.393 1.569 0.87
75th percentile 0.959 0.531 2.63 1.189
Maximum 1.469 0.592 3.82 1.407
S.d. 0.408 0.148 1.217 0.369

Note: Data from 17 laboratories participating in the calibration showed a statistically non-significant downward trend in average Root Mean Square
Error (from 0.6 to 0.4, P=0.07) and Maximum Absolute Deviation (from 1.6 to 0.9, P=0.06) from first training attempt to test phase of the
calibration. The prespecified passing value was set at o0.6 for Root Mean Square Error and o1.0 for Maximum Absolute Deviation.
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correlation observed in Phase 2 was statistically
significantly 40.70, with the lower bound on the
credible interval substantially higher than 0.70.
Recalculating the intraclass correlation for Phase 1
using the same statistical approach used in this
study, restricted to the 7 laboratories and 50 cases
common to both studies, the impression was similar:
an intraclass correlation of 0.71 (95% credible
interval: 0.54–0.86).

Laboratories spent a median of 5.6min per core to
score the requisite 500 cells (range of laboratory
medians 3.0–12.3min). Scoring all 50 cases required
a median of 5.0 h (range 2.9–10.8 h).

Discussion

Substantial interest surrounds use of immunohisto-
chemistry for Ki67 to estimate cellular proliferation
rates to guide therapy for patients with breast
cancer.1–5,7,8 However, for a tumor biomarker assay
to be accepted for routine clinical application, it
must have both analytical validity as well as high
levels of evidence that it has clinical utility for a
given use context.14 Several reports have demon-
strated that immunohistochemistry assays for Ki67
have clinical validity for a number of use contexts in
early-stage breast cancer, such as prognosis, or as a
surrogate end point for response in clinical trials,

and perhaps as a predictive factor for benefit from
adjuvant chemotherapy.1 However, the analytical
validity of the Ki67 immunohistochemistry assay in
diverse clinical laboratories remains poor.7 Thus this
tumor biomarker test cannot currently be recom-
mended for routine decision-making to guide treat-
ment decisions in standard contemporary oncology
practice.15

Our previous study (Phase 1) revealed substantial
variation in Ki67 scoring when laboratories used
their own scoring methods on centrally stained
slides from the same tissue microarray block,

Figure 3 Variability in Ki67 scores (percentage of invasive cancer
cells scored positive) across the 16 laboratories for the 50 cases.
Each line represents Ki67 scores for the same case. Lighter-colored
lines represent data for the 26 cases for which at least one of the 16
laboratories reported a score in the range 10%≤Ki67≤20% (one
case per line); the darker lines are the remaining cases. Within
each Group, laboratories were looking at the exact same tissue
microarray section; between Groups, the laboratories were looking
at different sections derived from the same tissue
microarray block.

Table 3 Kappa values for commonly used Ki67 cutoffs when
applied to our study data (16 laboratories scoring tissue microarray
glass slides)

Cutoff Kappaa

≤2.7% (low) vs 42.7% (high) (relevant to
preoperative endocrine prognostic index
(PEPI) score = 0)21

0.78

≤5% (low) vs45% (high) 0.91b

≤10% (low) vs410% (high) 0.75
≤13.25% (low) vs413.25% (high) (Cheang et al22) 0.74
o14% (low) vs≥14% (high) (St Gallen Consensus8) 0.73
≤20% (low) vs420% (high) 0.70

aKappa indicates degree of agreement, incorporating a correction for
the extent of agreement expected by chance alone. These analyses
combined data over all 16 laboratories (three Groups). bObserved
agreement was nearly perfect.

Figure 2 Ki67 scores (percentage of invasive cancer cells scored
positive) of all 16 laboratories scoring on glass, by Group (all
laboratories within a Group scored the same tissue microarray
section). Laboratories have been ordered according to increasing
median Ki67 values within each Group. Each Group represents a
given tissue microarray section (boxplot shading: black for Group
1, medium gray for Group 2, and light gray for Group 3). The
bottom and top of the box in each box plot represent the first (Q1)
and third (Q3) quartiles, and the bold line inside the box
represents the median of the distribution. The two bars outside
the box represent the lowest datum still within 1.5 × (Q3-Q1) of
Q1, and the highest datum still within 1.5 × (Q3-Q1) of Q3 (ie,
1.5 × the inter-quartile range). Any data not within the two bars are
outliers and represented with empty circles.
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indicating that absolute values and cutoffs for Ki67
cannot be transferred between laboratories without
careful standardization of scoring methodology.9 In
this second study, we eliminated variability due to
preanalytical staining issues by providing centrally
stained tissue microarray slides, thus permitting
laboratories to calibrate to a specified scoring
method. We found that a standardized, practicable
visual scoring method could deliver high inter-
laboratory reproducibility in Ki67 scoring on cen-
trally stained tissue microarray slides. The intraclass
correlation when all laboratories were scoring the
exact same tissue microarray section was 0.94 (95%
credible interval: 0.90–0.97), and the intraclass
correlation when laboratories were scoring different
sections from the same tissue microarray block was
0.92 (95% credible interval: 0.88–0.96). This latter
intraclass correlation (0.92) suggests an improve-
ment over intraclass correlation =0.71 (95% credible
interval: 0.54–0.86) calculated in Phase 1 (restricting
to the 50 cases and 7 laboratories common to both
studies).9 As the study was not specifically designed
to make this comparison, and a formal statistical test
was not performed, it should be interpreted with
some caution. Nonetheless, it appears to represent a
decrease from 29 to 8% in the proportion of variation
in Ki67 scores. The design of this study, using
centrally stained slides, suggests that this decrease
can be attributed to standardized scoring methodol-
ogy. If this can be translated into a true clinically
applicable context, Ki67 differences between indivi-
dual patients may well reflect biological differences
between tumors, which the assay is intended to
detect.

The very light level of staining considered suffi-
cient to be called ‘positive’ in our scoring instruc-
tions was also seen as a potential limitation by
scorers. Although they found the provided visual
examples helpful in both the calibration and the
glass-slide scoring, at the very light end of the spec-
trum it seemed to require very subjective assessment
to deem a cell positive or negative. This ‘lightening’
of the ‘positive’ threshold may account for the
overall mean of laboratory Ki67 means increasing
from 25.7% in Phase 1 to 29.1% in Phase 2 among
the Group 1 laboratories, who participated in both
studies (Supplementary Table S2).

Finally, although all laboratories were given an
opportunity to review their calibration images vs
reference images shortly before they scored on glass,
different amounts of time passed between comple-
tion of the calibration and the subsequent scoring-
on-glass among the laboratories (range o1 month to
7 months). Nonetheless, overall good concordance
was still observed; therefore, we believe that some
learning effect obtained from the calibration was
retained.

This calibration exercise demonstrated that labora-
tories could be ‘trained’ to follow a specific scoring
pattern. We also learned that visual depictions of the
levels of staining intensity considered ‘positive’ or

‘negative’ were considered helpful by the scoring
pathologists. Nonetheless, clinically important dis-
crepancies persisted among laboratories for some
cases in the critical Ki67 range between 10 and 20%,
in which the cutoff to distinguish high from low is
often selected.1,3 There were 26 cases for which at
least one of the 16 laboratories reported a score in the
range 10%≤Ki67≤20%. In only one of these 26
cases did all laboratories report scores confined to
that range.

Our analyses of concordance after application of
cutoffs suggest that the observed degree of inter-
laboratory agreement is influenced by the cutoff
chosen and argue for caution in dichotomizing Ki67
scores into ‘high Ki67’ and ‘low Ki67’. In fact, as
discussed in our earlier guidelines,1 cutoffs for Ki67
should be context-dependent. Moreover, the estab-
lishment of such cutoffs will require additional data
to permit examination of associations between Ki67,
clinical outcome, and other clinical and pathological
factors. As with other continuous variables in pathol-
ogy, different laboratories use different cutoffs for the
same context; but uniform cutoffs can be problematic
as well if measurements differ substantially across
laboratories. The impact on clinical decision-making
varies according to context and, in some circum-
stances, may merit the reporting of confidence
intervals or the definition of equivocal values that
fall within a range of uncertainty.

Our study does not have immediate clinical
application, as we chose to use a highly standardized
specimen format (centrally stained tissue microarray
cores) not typically used in clinical practice. How-
ever, we conclude that we were able to achieve
satisfactory levels of scoring agreement in the highly
stylized context in which this study was performed.
Having done so, our next logical next step will be to
see if similar agreement is possible on core biopsies
and if this proves satisfactory proceed to a similar
strategy with whole sections, in which the reader
will have broader discretion regarding what portion
of the tissue should be read. Finally, we plan to
return to a local staining methodology strategy,
which we expect will re-introduce additional varia-
bility into the analyses. Our goal is to standardize
each of these points of potential variability among
the participants of this set of exercises. If we can
maintain the satisfactory concordance we have
observed in the current study, we will provide the
methodological strategy and protocol to the general
pathological community, in a manner similar to what
has been accomplished by the American Society of
Clinical Oncology and College of American Pathol-
ogists joint Committees to establish guidelines for
HER2 and hormone receptor analyses.16–19

In conclusion, Ki67 is a widely accessible biomar-
ker of proliferation with strong evidence for clinical
validity for prognosis and prediction in breast and
other cancers.1 Its clinical utility has been limited by
poor inter-observer reproducibility, with differences
in scoring methodology a major contributor to
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variability.9,20 We demonstrate that improved inter-
observer reproducibility in Ki67 scoring can be
achieved on centrally stained tissue microarray
slides after training observers on a standardized,
practicable visual scoring method that can be
performed relatively quickly. Our results suggest
that strategies can be developed to at least partially
overcome inter-observer variation, which has limited
the utility of this marker. The potentially encoura-
ging results demonstrated in this study remain
tempered by the recognition that achieving agree-
ment among laboratories in clinical practice remains
a significant challenge, as these promising findings
need to be translated to core biopsies and/or whole
sections, with local staining, and clinical validity
confirmed. Therefore, we maintain that, unless and
until preanalytical and analytical features for
immunohistochemistry of Ki67 can be standardized,
this assay platform should not be used to drive
patient-care decisions in clinical practice. If we are
successful in our next set of studies, then immuno-
histochemistry for Ki67 could be incorporated into
standard of care. If not, then evaluation of prolifera-
tion for prognostic and predictive considerations in
early breast cancer will need to be performed with
other assay platforms that may have more analytical
validity but which may be more difficult to apply in
practices around the world.
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