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Part I: Reliability and optimization of prognostic factor evaluation in breast cancer

Introduction

Cellular proliferation is an important feature of malignant tumors. The proliferation
marker Ki67 is a nuclear protein that is present in all stages of the cell cycle except
GO [1]. The Ki67 labelling index (LI, i.e. percentage of nuclear antigen-positive cells) has
been described as both a prognostic and predictive marker for breast cancer. Gene
expression studies have demonstrated at least four molecular subtypes of breast
cancer, i.e. Luminal A, Luminal B, HER2-positive, and basal-like [2]. These subtypes can
be classified using immunohistochemical markers [3]. According to the 2013 and 2015
St Gallen guidelines, the decision on systemic treatment should be based on these
so-called surrogate intrinsic subtypes determined by ER, PgR, HER2, and Ki67 assess-
ment [4]. The ascribed importance of the Ki67 LI to distinguish lowly from highly
proliferative breast cancer (Luminal A and B subtypes), and thus guiding decisions
regarding chemotherapy, renders the reproducibility of Ki67 assays as highly clinically
relevant [5].

If neoadjuvant systemic treatment or radiotherapy is considered, a core needle biopsy
(CNB) is used to obtain a classifying diagnosis, including the assessment of prognos-
tic and predictive biomarkers [4]. There is some debate on whether determining these
biomarkers on CNB is superior or at least equal to the assessment in surgical speci-
mens. The advantage of CNB might be superior fixation owing to a smaller tissue size.
However, tumor heterogeneity might lead to both false-positive and false-negative
test results. With minor adjustments to the testing algorithm, reliable ER and HER2
assays can be obtained when using CNBs [6]. Less data exists on how this might
affect Ki67 assays.

Tissue microarrays (TMA) experiments allow large scale profiling of tissue samples,
including multiple protein measurements. This technique can be used to study
biological heterogeneity, similar to small biopsy samples. Our aim was to use this
technique to assess the agreement of Ki67 LI between CNB and surgical specimens in
node-negative breast cancers.

Secondly, the degree of interlaboratory variation regarding Ki67 assessments remains
largely unknown. Two previous studies found that while intralaboratory reproduc-
ibility is good, only moderate interlaboratory agreement is achieved [7,8]. Because
TMAs were used in both of these studies, outcomes might even underestimate the
‘real world” interlaboratory variation that would occur when whole sections are used.
More data is therefore needed on the reproducibility of Ki67 in well-defined clinical
cohorts while using modern-day IHC methods on whole slides. For this purpose, we
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also investigated the reproducibility of Ki67 assays between two different reference
laboratories (namely the Netherlands Cancer Institute — Antoni van Leeuwenhoek
and the Leiden University Medical Center) and between multiple observers from
these two centers.

Lastly, the Ki67 LI has been advocated as an alternative to performing gene-signature
assays [9,10] for prognostication in certain clinical scenarios. Although this data is
mostly based on the correlation of this parameter with the 21-gene recurrence score,
less data is available on the correlation between this parameter and the 70-gene
signature.

Methods

Patient population

For this retrospective study, clinical and pathological data were used from the first
consecutive 105 patients of the MicroarRAy PrognoSTics in Breast CancER (RASTER)
study (ISRCTN71917916). Details on the patient series of the RASTER study and the
70-gene recurrence score have been reported previously [11,12]. Patients were diag-
nosed with node-negative breast cancer from 2004 to 2006 at 16 Dutch hospitals.
For each tumor in this study, one formalin-fixed paraffin-embedded (FFPE) tumor
block containing a representative part of the tumor was collected at The Netherlands
Cancer Institute. Institutional approval for the RASTER study was obtained from the
Institutional Review Board of The Netherlands Cancer Institute [11].

Ki67 samples

From each FFPE tumor block, two tissue microarrays (TMAs) were constructed by
transferring random tissue cylinders of 0.6mm from within the tumor area (six cylin-
ders per tumor, three cylinders per TMA) using a tissue arrayer (Beecher Instruments,
Sun Prairie, W1, USA). Sections of the paraffin blocks from all tumors and the TMAs
were cut at 4pm thickness and mounted. At the NKI-AVL, slides were baked at

56°C, and then stained with the Immunologic Autostainer 480 (Labvision, Fremont,
California, USA) using MIB-1 (dilution 1:100). At the LUMC, immunohistochemistry
was performed with the Dako Link 48 autostainer (Dako, Glostrup, Denmark) using
the MIB-Tantibody (dilution 1:200). Appropriate controls were used throughout. All
TMA cores and whole-slides were reviewed for adequacy. Cores or whole-slides with
high background staining, absence of tumor or loss of tissue cores were deemed
unsuitable, and were excluded from further analysis.
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Ki67 evaluation

All surgical specimen samples were independently assessed by 6 blinded observers,
including 4 dedicated breast pathologists (NKI-AVL: JW,, E.G., J.S,; LUMC: V.S.). The
TMAs were independently assessed by 2 blinded observers (E.G. and J.S.). The ratio

of Ki67-positive cells was estimated with 5% accuracy; therefore, only values ending
with 5 or O were recorded. Each observer was asked to use his or her daily evaluation
approach to quantify the proportion of Ki67-positive cells and to perform evaluation
of all cases. A cut-off value of 15% for positive marker status was used. For assessing
the Ki67 LI concordance between CNBs and resection specimens, we regarded the
TMAs as virtual biopsies to investigate the possible influence of tumor heterogeneity
on Ki67 results. For these TMA cores, the Ki67 indices for the 3 individual cores within
each triplet were averaged to determine the mean Ki67 LI CNB score (hereinafter
referred to as CNB mean) for that particular virtual biopsy. Secondly, the maximum
CNB Ki67 LI (referred to as CNB max) consisted of the highest Ki67 LI score of the three
cores. Both these scores were compared with the resection specimen and each other.

Statistical design

The level of agreement was expressed by means of Cohen’s k. The k values were inter-
preted as reflecting slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial
(0.61-0.80) and almost prefect (> 0.80) agreement between observations according to
Landis and Koch [13]. Analyses were carried out using the IBM SPSS Statistics package
version 20.0.0 (SPSS Inc, Chicago, IL). Two-sided p values of < 0.05 were considered
statistically significant. The correlation between the Ki67 LI and the 70-gene signature
and the tumor grade were assessed by calculating chi-squared tests.

Results

Patient characteristics

Atotal number of 105 invasive breast cancer patients were included. The median age
was 50 years of age (range of 31-61years old). Most patients (82%) received breast con-
serving surgery as primary local treatment. Three-fourths of the tumors were smaller
than 20 mm (pT1). Samples included 86 invasive ductal carcinomas (82%), 13 invasive
lobular carcinomas (12%), and 6 histologic subtypes of invasive carcinoma (mixed,
mucinous, tubular, or with medullary features) (6%). Most tumors were ER-positive
(84%), PgR-positive (68%), and HER2-negative (75%). Half of the carcinomas were
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considered low-risk (49%) based on the 70-gene signature result. Patient and tumor
characteristics are presented in table 1.

Agreement between core needle biopsies and surgical specimens

The CNB scores of the TMAs were considered as independent cases, and were
matched with the scores of the single corresponding surgical specimen. Two inde-
pendent observers scored the CNB mean and CNB max which were compared with
the Ki67 Ll assessed in the matched surgical specimens. The overall discordance rate
between CNB max and surgical specimen was 18.7% (95% Cl 15-23), with a k value of
0.61. For CNB mean and surgical specimen the discordance rate was 19.2% (95% Cl
15-23), with a k value of 0.59. The mean tumor size in the concordant group was 16.93
mm versus 17.83 mm in the discordant group (P=0.35).

The evaluations of observer A showed a discordance rate for CNB max of 16.8%
(95% CI11-22) and for CNB mean of 20.1% (95% Cl 14-26). The k values were 0.64 and
0.56, respectively. The evaluations of observer B showed a discordance rate for CNB
max of 20.6% (95% CI 15-27) and for CNB mean of 18.3% (95% Cl 13-24). The k values
were 0.58 and 0.62, respectively. There was no significant difference between the
values of CNB max and CNB mean for observer A (P=0.21) and observer B (P=0.48)
(table 2).

Interobserver agreement

For determining the interobserver agreement of Ki67 LI assays when these are per-
formed on surgical specimens, 6 independent observers evaluated 105 surgical spec-
imens for Ki67 LI. Figure 1shows the distribution of Ki67 LI based on the 15%-cutoff.
The agreement between observer 1and the other observers was considered substan-
tial (0.73; 0.84; 0.64; 0.69; 0.67).

Agreement between laboratories for surgical specimens

Table 4 shows the interlaboratory agreement of surgical specimens. The discordance
rate was 12.3% (95% Cl 6-19), with a k value of 0.74. The mean Ki67 score of the 13
discordant cases in laboratory 1was 16.92 (range 15-20). In laboratory 2 the mean Ki67
score of the 13 discordant cases was 9.62 (range 5-10). Table 5 shows the 13 discordant
cases and their characteristics. All the 13 surgical specimens were assessed as Ki67 LI
> 15 after staining in laboratory 1and Ki67 LI < 15 after staining in laboratory 2.
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Agreement between Ki67, tumor grade, and 70-gene signature

Tables 6 to 8 show the agreement between the Ki67 labelling index, tumor grade
and the 70-gene signature. As shown in table 6, the agreement for Ki67 Li and tumor
grade was not significant (P=0.25). Table 7 shows no significant agreement for Ki67 Li
and tumor grade (P=0.77). The agreement for tumor grade and 70-gene signature, as
shown in table 8 was highly significant (P < 0.01).

Discussion

According to current treatment guidelines, Ki67 LI combined with ER, PgR, and HER2
can be used to assign surrogate molecular subtypes, and may influence the decision
whether a patient is advised to undergo adjuvant chemotherapy [14,15]. Unlike ER
and PgR, there is no established cut-off value for classifying Ki67 as high or low. A Ki67
LI cut-off value of > 14 was proposed for recommending adjuvant chemotherapy in
endocrine-responsive breast carcinomas [4]. Cserni et al. stated that a cut-off should
probably be an inclusive or non-inclusive number ending with 5 or O (like 5% or 10%),
or more preferably ending with O (like 10% or 20%) [16]. Considering the need for
reliable and reproducible breast cancer diagnostics, Ki67 assays must be subjected
to stringent quality control. Several factors can hinder testing reproducibility includ-
ing tissue fixation, choice of tissue (CNB vs surgical specimen), IHC protocols, and
staining evaluation among others [17,18]. In this study, the influence of tumor heter-
ogeneity, interobserver variation, and interlaboratory variation for Ki67 scoring were
evaluated.

Regarding the concordance between CNB and resection specimen, moderate to
substantial concordance was reached. Reliance on CNB for determining Ki67 status
leads however to a high rate of both false-negative and false-positive test results
when considering the resection specimen as the gold standard. In other studies, the
discordance between CNB and surgical specimen for Ki67 LI was found to range from
14-21%, which is in line with our results [19-22].

Secondly, these discordances also occurred during scoring by two independent
observers when using two different scoring methodologies. CNB max or CNB mean
showed no significant difference which indicates that choice of the highest score or
the mean score of multiple CNBs has no influence on the accordance with the surgi-
cal specimen. Therefore, hotspots do not seem to play a decisive role in Ki67 scoring of
CNBs.
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It should be noted that the different scores between CNBs and resection specimens
might also have to do with intra-observer discordances, as both observers scored

the CNB and resection specimens separately and in a blinded manner. Differences

in scoring modalities between observers can have a substantial effect on testing
reproducibility [23]. Historically, manual counting of a certain number of nuclei on
high-power fields has been used to determine the Ki67 labelling index. This method
is labor-intensive and therefore not often used in routine practice. Alternatively, some
pathologists choose to estimate the labelling index by scanning the slide, so-called
‘eyeballing’. In experienced eyes, this approach may be sufficient to separate the
obvious Ki67-high cases from the lower cases, but it is criticized for a lack of precision
and reproducibility. Published literature has reported conflicting reports whether
thorough counting as opposed to eyeballing improves scoring reproducibility [8,24].
Eyeballing is typically done at a smaller magnification than counting, making it easier
to integrate slight regional variations, and score more consistent average values. Our
study confirmed that interobserver variability could have a significant influence on
testing reproducibility in daily pathology practice even when asked to score a selected
tumor area (TMA cores in this study).

Thirdly, we examined the concordance between Ki67 assays assessed over two dif-
ferent testing centers, both performing IHC procedures in completely independent
manner on whole slides. An interlaboratory comparison tests both the uniformity in
IHC procedures as well as scoring evaluation. Remarkably, the discordance between
the two centers was in a similar range as the interobserver variability on selected
tissues. This suggests that introducing separate IHC procedures does not introduce a
significant increase in testing discordance. This is further supported by the fact that
the mean scores for all discordant cases were closely around the cut-off point. No
discordant cases contained high percentage discordances regarding Ki67 labelling
indices (as would be expected in the cases of unreliable IHC procedures). These data
suggest that using modern-day IHC with autostainers can lead to reproducible IHC
results over multiple centers. Unfortunately, results from our study support results by
other authors that manual Ki67 scoring leads to relatively high interobserver discord-
ance, even among dedicated breast pathologists. A solution might be to introduce
automated Ki67 scoring in clinical practice. Such a solution has been shown to be fea-
sible in a study performed as part of the GeparTrio trial and is already commonplace
in some institutions [25]. Automated analysis might not be necessary in cases with a
high Ki67 labelling index (> 35% for instance), but might be used in cases where the
Ki67 score is closer to the cut-off.
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Finally, we examined the correlation between Ki67 and the well-established tumor
grade. No correlation was shown. Also, for the relatively new but widely used and
accepted 70-gene signature [26], no correlation was shown with Ki67 Li. Therefore,
we consider it highly questionable if Ki67 can be used as decisive marker for guiding
systemic treatment strategies.

Our study has some limitations. First, this was a retrospective evaluation of data
collected from a dataset; therefore, this study suffers from the bias associated

with any retrospective study [27]. Second, the International Ki67 in Breast Cancer
Working Group mentions anecdotal evidence that Ki67 scores are generally lower on
TMAs [28]. This may be viewed as a methodological disadvantage. Lastly, some have
suggested that CNB have superior fixation and might therefore also be superior for
detecting biomarkers. This could not be tested in our current study as the biopsies
were virtually created with the use of TMAs.

We conclude that our data indicate that both tumor heterogeneity and interobserver
scoring variation of Ki67 LI may have a significant influence on treatment advice.
Also, Ki67 shows poor correlation with tumor grade and 70-gene signature result.
Therefore, we cannot recommend the routine use of this marker to guide decisions
regarding (neo)adjuvant treatment.
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Table 1. Baseline patient and tumor characteristics.

Characteristic No. (%)

No. of patients 105

Median age at diagnosis, years 50 (31-61)
Lumpectomy 86 (82)
Mastectomy (+/- reconstruction) 19 (18)
pT1 (< 20) 79 (75)
pT2 (> 20-50) 28 (25)
pT3 (> 50) 0
Ductal carcinoma 86 (82)
Lobular carcinoma 13 (12)
Other histological type 6 (6)

Histological grade
Grade 1(good) 21 (22)
Grade 2 (intermediate) 55 (52)
Grade 3 (poor) 28 (27)
ER-negative 17 (16)
ER-positive 88 (84)
PR-negative 34 (32)
PR-positive 7 (68)
HER2-negative 79 (75)
HER2-positive 10 (10)
Missing 16 (15)

70-gene signature result
Low risk 51 (49)
High risk 54 (51)

Abbreviations: ER: estrogen receptor; PR: progesterone receptor;
HER2: human epidermal growth factor 2.
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Table 2. Discordance between core needle biopsy and surgical specimen for Ki67 result.

Surgical specimen

Discordance rate

Ki67LI  <15%  215% Total (%) (95% Cl) Kappa P-value*
Observer A CNBmax <15% 101 26 127 (69) 16.8% (11-22) 0.642 0210
>215% 5 52 57 (31)
Total (%) 106 (58) 78 (42) 184 (100)
CNB mean
<15% 106 37 143 (78)  201% (14-26) 0.561
>15% 0 A 41(22)
Total (%) 106 (58) 78 (42) 184 (100)
0.481
Observer B <15% 82 15 97 (54) 20.6% (15-27) 0.584
CNBmax 215% 22 61 83 (46)
Total (%) 104 (58) 76 (42) 180 (100)
CNBmean <15% 93 2 117 (65)  18.3% (13-24) 0.617
215% M 54 65 (35)
Total (%) 104 (58) 76 (42) 180 (100)

Abbreviations: Ki67 LI: Ki67 labelling index; CNB:
3 core biopsies;

core needle biopsy; CNB max: maximum score out of

CNB mean: mean score out of 3 core biopsies; Cl: confidence interval
* P-values are based on the McNemar test (related samples)

Table 3. Discordance between observers for core needle biopsy Ki67 result.

Observer B
CNB max Discordance rate
Ki67Ll  <15% >15% Total (%) (95% Cl) Kappa
Observer A CNBmax <15% 97 28 125(69) 16.0% (11-21) 0.669
>15% 1 55 56 (31)
Total (%) 98 (54) 83 (46) 181(100)
Observer B
CNB mean
Kie7LI  <15% >15% Total (%)
Observer A CNB mean <15% e 24 140 (77)  13.3% (8-18) 0.686
>15% 0 Y 41(31)

Total (%) 116 (64) 65(36) 181(100)

Abbreviations: Ki67 LI: Ki67 labelling index; CNB: core needle biopsy; CNB max: maximum
score out of 3 core biopsies; CNB mean: mean score out of 3 core biopsies
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Table 4. Concordance between laboratories for Ki67 result.

Discordance rate

Laboratory 1 (95% Cl) Kappa
Laboratory2  Ki67 LI <15%  >15%  Total (%)
<15% 60 0 60(57)  12.3% (6-19) 0738
>15% 13 32 45 (43)
Total (%) 73 (70) 32(30) 105 (100)

Abbreviations: CNB: core needle biopsy; WS: whole slide; Ki67 LI: Ki67 labelling index

Table 5. Ki67 discordant cases in the interlaboratory comparison.

Ki67 LI Ki67 LI 70-gene

Tumor

Case NKI LUMC signature size ER PR HER2 Histology
1 20 10 High 10 1 1 1 Ductal

2 20 10 High 31 0 0 1 Ductal

3 15 10 High 15 0 0 0 Ductal

4 20 10 Low 15 1 0 0 Ductal

5 20 10 Low 50 1 1 9 Ductal

6 15 10 High 19 1 0 0 Mucinous
7 15 10 Low 13 1 1 0 Lobular

8 15 10 High n 1 0 9 Ductal

9 15 10 Low 19 1 1 0 Ductal

10 15 5 High 15 1 1 0 Ductal

n 15 10 High 18 1 0 1 Ductal

12 20 10 Low 15 0 1 0 Ductal

13 15 10 High 12 1 1 0 Ductolobular

Abbreviations: Ki67 LI: Ki67 labelling index

Table 6. Agreement between tumor grade and Ki67 result.

Ki67 LI Pearson Chi-square
<15% >15% Total (%)
Tumor grade 1(Good) 16 6 22(21)
2 (Intermediate) 29 26 55(52)  P=0.25
3 (Poor) 15 13 28 (27)
Total (%) 60 (57) 45 (43) 105 (100)

Abbreviations: Ki-67 labelling index
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Table 7. Agreement between 70-gene signature and Ki67 result.

Ki67 LI Pearson Chi-square
<15% >15% Total (%)
70-gene signature Low risk 31 20 33 (31)

High risk 29 25 54(51)  P=077
Total (%) 60 (57) 45(43) 105 (100)

Table 8. Agreement between 70-gene signature and tumor grade.

Tumor grade Pearson Chi-square
1 2 3 Total (%)
(Good) (Intermediate) (Poor)
70-gene signature Low risk 17 31 3 33 (31)
Highrisk 5 24 25 54 (51) P<0.01
22(21) 55 (52) 28 (27) 105 (100)
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Figure 1. Distribution of Ki67 result across different observers and their agreement.
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