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ABSTRACT

Background. Assessing prognostic and predictive factors
like the Ki67 labelling index (Ki67-LI) in breast cancer
core needle biopsies (CNB) may be hampered by under-
sampling. Our aim was to arrive at a representative
assessment of Ki67-LI in CNB of luminal breast cancers by
defining optimal cutoffs and establishing the minimum
CNB volume needed for highest concordance of Ki67-LI
between CNB and subsequent surgical excision biopsy
(SEB).

Methods. We assessed the Ki67-LI in CNB and subse-
quent SEB of 170 luminal breast cancers according to two
counting methods recommended by the International Ki67
in Breast Cancer Working Group and applied the cutoffs to
distinguish low and high proliferation given by the St
Gallen 2013 and 2015 consensus, respectively. We then
compared CNB volume characteristics for cases with
concordant and discordant Ki67-LI between CNB versus
SEB.

Results. Highest concordance (75%, x = 0.44) between
CNB and SEB was achieved using the method that assesses
the average tumor Ki67-LI and a cutoff of 20%. No sig-
nificant differences were found between cases with
concordant and discordant Ki67-LI in CNB versus SEB for
number of biopsy cores, total core length, tumor tissue
length, or total CNB or tumor tissue area size in the CNB
for two various cutoffs.

Conclusions. A concordance of 75% between CNB and
SEB can be achieved for the Ki67-LI using a method
assessing average Ki67-LI at the threshold of 20%.
Increasing CNB volume did not result in improved
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agreement rates, indicating that reliability of Ki67 levels in
CNB of luminal breast cancers is unaffected by CNB
volume.

Sampling error in presurgical breast cancer diagnostics
occurs when the core needle biopsy (CNB) does not con-
tain the most representative or aggressive part of a tumor
due to intratumoral heterogeneity.' Recommendations for
the handling of some predictive and prognostic factors
prone to sampling error in CNB, like hormone and human
epidermal growth factor receptor 2 (HER?2) receptor status,
have already been established that prescribe to repeat and
reassess immunohistochemical stains in the surgical exci-
sion biopsy (SEB) for optimal tumor characterization.*™°
For Ki67, a widely used immunohistochemical biomarker
to measure proliferative activity, standards for assessment,
statistical approach and clinical use are currently deba-
ted.””'? Still, the Ki67 labelling index (Ki67-LI) has been
considered a measure of tumor proliferation for therapeutic
decisions in estrogen receptor (ER) positive and HER2
negative (‘luminal’) breast cancer: while most patients with
triple negative or HER2 positive tumors require cytotoxic
treatment, patients with luminal disease are less likely to
benefit from chemotherapy and can be spared an aggressive
treatment in early stages if tumor proliferation is
10W.]0,]4,]5

However, Ki67 levels may vary between CNB and
subsequent SEB, and in case of neoadjuvant chemotherapy
or heat ablation therapy, the CNB is the only source of
material to assess Ki67 as a prognostic and predictive
tool. ! Previous studies using varying Ki67 assessment
methods and cutoff definitions report concordance rates of
53 to 82% between CNB and SEB for the Ki67-L1.>'*!
However, information on factors that could potentially
reduce or compensate sampling error and improve CNB
reliability, like the volume of biopsy sample material or
cutoffs adjusted to the CNB setting, are sparse”.
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Our aim was therefore to study concordance rates of
Ki67-LI between CNB and subsequent SEB of luminal
breast cancers using two different Ki67 assessment meth-
ods recommended by the International Ki67 in Breast
Cancer Working Group and the two cutoffs to distinguish
high and low proliferation given by the St Gallen consen-
sus panels 2015 and 2013.7'%'* We investigated whether
concordance rates were improved by CNB-specific cutoff
definitions or higher CNB volume.

METHODS

This study was approved by the Research Ethics Com-
mission of the University Greifswald, Germany (protocol
BB 143/15). One hundred seventy female breast cancer
patients were selected out of 694 patients who had under-
gone surgery in the Dietrich Bonhoeffer Medical Centre
and its associated hospitals from 2010 to 2013. Study
inclusion criteria were: unifocal, unilateral invasive breast
cancers either international union against cancer stage I or
II; pathologic tumor size >5 to <50 mm; no neoadjuvant
treatment; available presurgical ultrasound-guided CNB
and subsequent surgical excision; ER positivity, HER2
negativity, and a progesterone receptor (PgR) status >20%;
and either invasive lobular or cancers of no special type.
Other special type cancers were excluded from the analysis
due to their characteristic clinical behavior and outcome
which do not necessarily require Ki67 assessment accord-
ing to the St Gallen consensus recommendations.'*'”

Fourteen (8.2%) patients had pT1b, 79 (46.5%) pTlc,
and 77 (45.3%) had pT2 disease, respectively. 129 (76%)
patients were pNO, 35 (21%) had one to three positive
lymph nodes, and 6 (3%) had micro metastases only in the
sentinel node. 37 (22%) patients had grade 1, 78 (45%)
grade 2, and 56 (33%) grade 3 disease in the SEB. 140
tumors were breast cancers of no special type (82%) and 30
were invasive lobular cancers (18%). 50 cancers were
screen detected (30%), and 120 cancers were non-screen
detected (70%).

All SEB had been sampled within 30 min after excision by
a specialized breast pathologist according to the Berlin-Buch
protocol and the European guidelines for quality assurance in
breast cancer screening and diagnosis for optimal tumor tissue
fixation and minimal cold ischemia time.”***

Immunohistochemistry

For immunohistochemical staining of ER, PgR, HER2
and Ki67, 4 pm thin tissue sections were dewaxed in
xylene, acetone and Tris-buffered saline, followed by heat-
induced epitope retrieval in pH 6.0 in a microwave oven
(750 W). Sections were subsequently stained using Ki67

(clone MIB1, Dako, Glostrup, Denmark, 1:200), ERa
(clone 1DS5, Dako, 1:50), PgR (clone 636, Dako, 1:50) and
HER?2 (clone CB-11, Zytomed Systems, Berlin, Germany,
1:100) monoclonal antibodies. The sections were incubated
with the primary antibody for 1 h using the Dako REAL-
detection system based on the labelled streptavidin—biotin
method (Dako), autostained (LINK48, Dako), and visual-
ized with 3-amino-9-ethylcarbazole, giving a brown
staining in a hematoxylin blue counterstaining. Normal
breast tissue within the sections was used as internal pos-
itive and/or negative control.

ER, PgR and HER2 status were assessed on CNB
according to the American Society of Clinical Oncology
2007 and 2010 recommendations.* All tumors that were
HER?2 negative and grade 3 or had a PgR status <20% in
the CNB were retested for the respective receptors in the
SEB and results were adjusted accordingly.

Ki67-LI assessment

All cores of the CNB and the paraffin tissue block of the
SEB with the highest mitotic activity in hematoxylin and
eosin staining were used for Ki67-labelling. Slides were
digitized at 40x with a high resolution slide scanner
(SCN400, Leica Biosystems, Wetzlar, Germany) at the
department of pathology of the Dietrich Bonhoeffer Med-
ical Centre, and images were analyzed manually at 40x on
a PC monitor by one breast pathologist (CMF) trained in
Ki67 measurement and virtual microscopy. Two different
protocols suggested by the International Ki67 in Breast
Cancer Working Group were then applied for this study
(Fig. 1)". First is Ki67-510per; a total of 510 cancer cells
was counted in hot spot (spot of highest proliferation) and
two spots at the tumor periphery (170 cells each). Second is
Ki67-510av; a total of 510 cancer cells was counted in 3
high-power field (170 cells each) including hot spot, cold
spot (spot of lowest proliferation) and an area of interme-
diate proliferation.

First, the spot of 170 cells was outlined, touching each
cell with the mouse cursor, starting from the left upper
corner, moving to the right and back in a meandering
fashion. Then, all positive cells within the spot were
counted. Any nuclear staining of an invasive tumor cells
was considered positive. The number of positive cells in
the three spots was used to calculate the Ki67-LI of the
tumor. When a field did contain <170 cells, it was
expanded by counting additional tumor cells of a neigh-
boring field. This occurred almost exclusively in invasive
lobular cancers due to low tumor cell concentration. Areas
of necrosis, inflammation, micro-invasion, poor section
quality, insufficient fixation and ductal carcinoma-in situ
were excluded from the analysis.
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FIG. 1 Simplified example of Ki67-labelled breast cancer showing hot spot (red circle), cold spot (green circle), periphery area (orange circle),

and area of intermediate proliferation (yellow circle)
Assessment of Core Biopsy Volume Characteristics

Number of cores, total core length in mm, tumor tissue
length in mm, CNB total area size (mm2) and tumor area
size of the biopsy sample (mm?) were measured by the
same observer on the digitized Ki67 stained slides using
the Slidepath Digital Image Hub software version 4.0.4
(Leica Biosystems). Tumor tissue was defined as invasive
epithelial cells and accompanying tumor stroma because
both components correlate with the mass lesion seen on
ultrasound.

Statistical Analysis

As Ki67 levels may vary among labs, the St Gallen
consensus panel 2015 recommended to use the lab’s indi-
vidual median Ki67-LI of luminal breast cancers as cutoff
to discriminate tumors with low and high proliferation. To
compare Ki67 levels in CNB and SEB, we used the
respective assessment method-specific median Ki67-LI of
the SEB as cutoff to distinguish between luminal A and
luminal B (HER2 negative) cancers. Additionally, we
applied the formerly recommended cutoff of 20% for both
methods.'* To investigate whether concordance rates can be
improved when the CNB cutoff is adjusted or assessment
methods are mixed, we also used the CNB specific median
Ki67-LI for CNB and the SEB specific median for SEB, and
combined Ki67-510per in CNB with Ki67-510av in SEB.

We calculated Cohen’s k and agreement between Ki67-
LI of CNB and related SEB for each method as well as
percentage of cases with over- and underestimated Ki67-LI
in CNB.

To investigate intraobserver reproducibility for both
Ki67 assessment methods, 30 randomly selected cases (15

CNB, 15 SEB) were reassessed 3 months after first anal-
ysis. The ratings were categorized according to the SEB
specific median Ki67-LI of the respective assessment
method into low and high proliferation, and Cohen’s x and
intrarater agreement were calculated.

We then tested the null hypothesis that there is no dif-
ference between median Ki67-LI of CNB and SEB for the
Ki67-510p and the Ki67-510a method with a Mann—
Whitney test. With additional Mann—Whitney tests we
investigated whether CNB volume features and pathologic
tumor size differed between concordant and discordant
cases. p <0.05 was assumed to indicate significant
differences.

All statistical tests were performed with SPSS Statistics
23 (IBM SPSS, Chicago, IL, USA).

RESULTS

Median Ki67-LI and standard deviation for the 170
luminal breast cancers were: 11.66 £ 10.8% for
Ki67-510av in CNB, 15.69 4 14.67% for Ki67-510av in
SEB, 20.68 £+ 17.2% for Ki67-510per in CNB, and
25.19 + 16.69% for Ki67-510per in SEB, respectively.
The Ki67-LI was substantially higher in SEB than in CNB
for both assessment methods (Ki67-510av: p < 0.0001;
Ki67-510per: p = 0.002).

Agreement rates between CNB and SEB, « values, and
percentage of over- and underestimated cases for both Ki67
assessment methods and different cutoff definitions are
shown in Table 1. Highest concordance between CNB and
SEB Ki67-LI was found using the Ki67-510av method
with cutoffs of 20% (75% concordance, k¥ = 0.44). The
combination of Ki67-510per in the CNB and Ki67-510av
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TABLE 1 Concordance of Ki67-LI according to different assessment methods and generally recommended (20%) and lab-specific cutoffs

(11.69, 15.69%)

Characteristic Agreement (%) K Underestimation (%) Overestimation (%)
Ki67-510av CNB versus SEB
Cutoff CNB 15.69%, SEB 15.69% 72 0.44 22 5
Cutoff CNB 11.66%, SEB 15.69% 72 0.43 13 15
Cutoff CNB 20%, SEB 20% 75 0.44 22 2
Ki67-510per CNB versus SEB
Cutoff CNB 25.19%, SEB 25.19% 71 0.41 21 9
Cutoff CNB 20.68%, SEB 25.19% 69 0.39 15 15
Cutoff CNB 20%, SEB 20% 69 0.36 23 8
Ki67-510per CNB versus Ki67-510av SEB
Cutoff CNB 15.69%, SEB 15.69% 67 0.35 8 25
Cutoff CNB 20.68%, SEB 15.69% 67 0.34 16 17
Cutoff CNB 20%, SEB 20% 66 0.34 23 11

510av total of 510 cancer cells counted in 3 high-power field including hot spot, cold spot (spot of lowest proliferation) and area of intermediate
proliferation, 5/0per 510 cancer cells counted in hot spot (spot of highest proliferation) and two spots at tumor periphery, CNB core needle

biopsy, LI labelling index, SEB surgical excision biopsy

in the SEB showed lowest concordance and k values,
regardless of the applied cutoff.

Also the percentage of Ki67-LI overestimated cases in
CNB was lowest using Ki67-510av with a cutoff of 20%.
Lowest percentage of underestimated cases in CNB was
found using Ki67-510av with the median Ki67-LI as
threshold.

CNB volume characteristics for concordant and discor-
dant cases for both assessment methods and respective
cutoffs cases are shown in Table 2. CNB area size was
borderline significantly higher in concordant than in dis-
cordant cases using the Ki67-510av method with a cutoff
of 20% for both CNB and SEB (p = 0.048), but not for
other cutoff definitions or for Ki67-510per. No substantial
differences between concordant and discordant cases were
found for number of cores, total core length, tumor tissue
length in CNB, tumor area size in CNB, or pathologic
tumor size.

Intraobserver reproducibility was good for both Ki67
assessment methods with concordance between first and
second rating in 90% of cases (x = 0.80) for Ki67-510av,
and 93% (x = 0.87) for Ki67-510per.

DISCUSSION

The reliability of prognostic information in CNB has
been subject of several studies on breast cancer, showing
high diagnostic accuracy for detection of malignancy as
well as for morphologic tumor characteristics and
immunohistochemical biomarkers. However, important
prognostic factors like histologic grade and mitotic count

are known to be underestimated in the CNB in 20 to 30%
of cases due to undersampling of the most proliferative
tumor areas”. Some authors have suggested to overcome
this issue by using the Ki67-LI while others found Ki67-LI
underestimation rates in CNB similar to those of grade,
indicating that assessment on SEB should be pre-
ferred.'”'*** In neoadjuvant or experimental settings (e.g.,
heat ablation therapy), however, the CNB may be the only
source of tumor material available, and reliability of
prognostic information derived from the CNB is then of the
essence.

As described by other authors, Ki67 levels were sub-
stantially lower in CNB than in SEB in our study.'”"
Applying the current recommendation of the International
Ki67 in Breast Cancer Working Group, highest concor-
dance (75%) between CNB and SEB of luminal breast
cancers was found for Ki67-510av when 20% or the
median Ki67-LI of the SEB was used as a cutoff, compa-
rable to previously published rates.>’'*?!

While underestimation of proliferation in CNB is also
described to be a common sampling error for mitotic
activity and histologic grade, the interpretation of ‘over-
estimated’ Ki67-LI in CNB is more complex.zs_27 To date,
there is no consensus whether a higher Ki67-LI in the CNB
should replace a lower final Ki67 rate of the SEB or should
rather be considered a sampling error corrected by the true
Ki67-LI of the SEB. Published rates of higher Ki67-LI in
CNB vary substantially from 6 to 20%, suggesting that
overestimation rates could be affected by Ki67 assessment
method selection and cutoff definition.'®' Though the
highest Ki67-LI of a tumor may indeed be found in the
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TABLE 2 CNB characteristics of Ki67-LI cases between CNB and surgical excision biopsy

Characteristic Ki67-510av Ki67-510per
Cutoff CNB median Ki67-LI Cutoff 20% Cutoff CNB median Ki67-LI Cutoff 20%
(15.69%) (25.19%)
N Median + SD p n  Median = SD p n Median £+ SD p n  Median = SD p
No. of cores
Overall 170 4+13 NA 170 4+13 NA 170 4+13 NA 170 4+13 NA
Concordant 123 4+13 0.293 128 4+13 0.157 120 4+ 131 0239 117 44+ 135 0.313
Discordant 47 4413 42 5+ 132 50 45+ 1.27 53 4+ 1.19
Total core length (mm)
Overall 170 40 £ 15.66 NA 170 40 £ 15.66 NA 170 40 £ 15.66 NA 170 40 £ 15.66 NA
Concordant 123 41 £ 16.19  0.585 128 41 £ 15.29 0.239 120 415+ 1598 0.845 117 41 £ 16.15 0.703
Discordant 47 38 + 14.3 42 36.5 £ 16.67 50 39.5 + 15.03 53 40 £+ 14.74
CNB area size (mmz)
Overall 170 39.81 £ 1858 NA 170 39.81 + 18.58 NA 170  39.81 + 18.58 NA 170 39.81 + 18.58 NA
Concordant 123 40.01 £ 19.51 0.439 128 41.65 £ 18.69 0.048 120  39.82 +19.59  0.488 117 39.82 £ 19.13 0.827
Discordant 47  39.09 &+ 15.9 42 36.22 £ 17.87 50 3954 £ 1591 53 39.54 £ 17.56
Tumor tissue length (mm)
Overall 170 21 £ 11.12 NA 170 21 £ 11.12 NA 170 21 £ 11.12  NA 170 21 £ 11.12 NA
Concordant 123 21 £ 11.58  0.594 128 215+ 11.19 0.729 120 215+ 11.68 0.792 117 20.5 £+ 11.86 0.804
Discordant 47 21 +£9.91 42 19.5 £ 11.01 50 19.5 £ 9.71 53 21 £9.52
Tumor tissue area size (mmz)
Overall 170 20.73 £ 12.84 NA 170 20.73 £ 12.84 NA 170 20.73 &+ 12.84 NA 170 20.73 + 12.84 NA
Concordant 123 20.61 4+ 13.15 0.482 128 21.11 &£ 12.99 0.410 120  21.11 £ 13.33  0.732 117 20.3 £+ 13.25 0.872
Discordant 47  22.19 4+ 12.03 42 20.14 £ 125 50 20.35 + 11.7 53 22.39 + 12.06
Pathologic tumor size (mm)
Overall 170 19 + 9.86 NA 170 19+986 NA 170 19 + 9.86 NA 170 19 +£9.86 NA
Concordant 123 18 + 10.13  0.627 128 18 £9.83 0.068 120 19.5 + 9.63 0444 117 20 £+ 10.09 0.052
Discordant 47 20 + 9.19 42 21.5+£9.81 50 18.5 £+ 10.46 53 16.5 + 9.12

510av total of 510 cancer cells counted in 3 high-power fields including hot spot, cold spot (spot of lowest proliferation) and area of intermediate
proliferation, 5/0per 510 cancer cells counted in hot spot (spot of highest proliferation) and two spots at tumor periphery, CNB core needle

biopsy, LI labelling index, NA not applicable

p values (Mann—Whitney test) are for differences in median amount of biopsy material and pathologic tumor size between concordant and

discordant cases

CNB by chance, this seems unlikely because overestima-
tion of other proliferation-related prognostic factors like
histologic grade is infrequent in CNB, occurring in
<10%.%%%" In our study, the Ki67 assessment method that
resulted in lowest overestimation rates showed at the same
time highest overall concordance.

Although both over- and underestimation of Ki67-LI in
the CNB can be assumed a sampling error, we did not find
clear evidence for an association between improved CNB
and SEB agreement and the volume of biopsy material
available for Ki67 assessment. In our hands, there are four
possible reasons why sampling error was not reduced with
increasing sample size. First, the tumor periphery is

underrepresented in CNB. In the periphery, Ki67 levels are
usually higher than in the center, and hot spots are found
most frequently 1-2 mm peripheral from the border
between tumor and benign tissue.”® Assuming a spherical
tumor configuration and respective different relative vol-
ume fractions of the outer shell and center, the CNB
procedure which takes a cylindrical tissue sample along an
axis perpendicular to the tumor border will contain expo-
nentially more tissue of the center than of the periphery.
Second, the amount of material could still be too low to
make a significant impact. The median number of four
cores per biopsy set in our series is comparable to two
previous studies showing moderate to high concordance of
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73 to 82% between CNB and SEB.*'® Lower concordance
(65%; x = 0.29) was found in one study with a median
number of two cores taken per patient.'” Other authors,
however, did not report CNB characteristics. 2 How-
ever, our finding that Ki67-LI concordance between CNB
and SEB seems not to be influenced by CNB volume is
supported by Greer et al., who described only slightly
improved agreement rates for cases with one to five com-
pared to more than six cores.” Third, we decided to include
the stromal component in the definition of tumor tissue
because both epithelial and stromal components correlate
with the mass seen and targeted on ultrasound, but Ki67-LI
was assessed only in the epithelial component. Fourth, the
finding that concordance rates did not improve neither with
increased CNB volume nor different cutoff definitions
could also indicate the limitations of the specific Ki67-LI
assessment methods to adequately represent intratumoral
heterogeneity.

Efforts to optimize presurgical diagnostics by adjusting
prognostic cutoffs specifically to the biopsy setting have
been made for histologic grade but showed only slight or
no improvement of overall agreement between CNB and
SEB.?*** As Ki67-LI were significantly lower in CNB than
in the SEB in our study, we lowered the CNB cutoff to the
specific CNB median Ki67-LI and combined hot spot Ki67
assessment in CNB with the average Ki67 assessment
method in SEB to reduce rates of underestimated prolif-
eration in the biopsy sample. Our approach did result in a
decrease of underestimated cases in CNB, actually, but did
not improve overall concordance and increased the rate of
overestimated cases in CNB instead. It should be noted,
though, that unlike mitotic scores of histologic grade, the
Ki67-LI cutoffs used in our study are not based on
prospective prognostic studies but rather on current expert
consensus recommendations and that the Ki67 levels
described herein are specific for our lab in a subset of
luminal tumors,'®'*!

Although low biopsy volume did not affect the relia-
bility of Ki67 assessment in the CNB and the number of
cancer cells per tumor actually counted was only 510, we
cannot provide a specific minimum total number of tumor
cells that should be contained in the biopsy sample for
reliable Ki67 assessment based on our data. In this context
it is of note that the selection of regions to be counted is
based on the relative differences of Ki67 expression in the
defined spots. The selected spots, however, were almost
never neighboring directly, indicating that a total amount
of tumor cells higher than 510 is needed for adequate spot
selection.

In conclusion, concordance rates between CNB and SEB
of luminal breast cancers of 75% can be achieved using a
straightforward method assessing average CNB Ki67-LI at
the usual threshold of 20%. Neither CNB-specific cutoffs

nor increased CNB volume resulted in improved CNB
versus SEB agreement rates, indicating that reliability of
Ki67 levels in CNB of luminal breast cancers is unaffected
by CNB volume.
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