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Abstract

Purpose Several clinical trials have investigated the prognostic and predictive usefulness of molecular markers. With limited
predictive value, molecular markers have mainly been used to identify prognostic subgroups in which the indication for
chemotherapy is doubtful and the prognosis is favorable enough for chemotherapy to be avoided. However, limited infor-
mation is available about which groups of patients may benefit from additional therapy. This study aimed to describe the
prognostic effects of Ki-67 in several common subgroups of patients with early breast cancer.

Methods This retrospective study analyzed a single-center cohort of 3140 patients with HER2—, hormone receptor-positive
breast cancer. Five-year disease-free survival (DFS) rates were calculated for low (< 10%), intermediate (10-19%), and high
(>20%) Ki-67 expression levels, as assessed by immunohistochemistry, and for subgroups relative to age, body mass index,
disease stage, tumor grade, and (neo-)adjuvant chemotherapy. It was also investigated whether Ki-67 had different effects
on DFS in these subgroups.

Results The 5-year DFS rates for patients with low, intermediate, and high levels of Ki-67 expression were 0.90, 0.89, and
0.77, respectively. Ki-67 was able to further differentiate patients with an intermediate prognosis into different prognostic
groups relative to common clinical parameters. Patients with stage II breast cancer had 5-year DFS rates of 0.84, 0.88, and
0.79 for low, intermediate, and high levels of Ki-67 expression. Ki-67 had different prognostic effects in subgroups defined
by age and tumor grade.

Conclusions Ki-67 may help identify patients in intermediate prognostic groups with an unfavorable prognosis who may
benefit from further therapy.
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Introduction

Cell proliferation is a central process that is connected to
Peter A. Fasching and Paul Gass contributed equally to this study. pathogenesis and progression across cancer histologies [1,
12, 28, 30, 45]. Particularly in patients with HER2— and hor-
mone receptor-positive breast cancer, the proliferation index
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is able to identify women with early and advanced stages of
the disease who have an unfavorable prognosis [7, 12, 17,
29, 35, 36, 46]. Proliferation has also been included in most
multigene assays for patients with early breast cancer, as one
of the major driving factors that determine the prognostic
value of these tests.

Patients with breast cancer who have a high proliferation
index and an unfavorable prognosis usually receive chem-
otherapy. However, especially in the neoadjuvant setting,
it has been found that the prognosis-improving effect of a
pathological complete response (pCR) after chemotherapy
is stronger in some subgroups than in others [11, 17, 18, 43].
pCR is an indicator of a very good prognosis both in patients
with HER2+ breast cancer and in those with triple-negative
breast cancer, whereas in patients with HER2—, hormone
receptor-positive cancer, the effect is much smaller. How-
ever, it has been shown that Ki-67 is a very good predictor of
the prognosis in the latter subgroup [17]. It therefore appears
to be a promising marker to use in decision-making for or
against chemotherapy in this group of patients [23], and has
been included in national and international guidelines and
current therapeutic studies [40, 47, 48].

CDK4/6 inhibitors (CDK4/6is) in combination with
antiendocrine treatments have recently been introduced for
the treatment of advanced breast cancer [19-21, 24, 33, 34,
41]. They interfere with the cell cycle and have a direct effect
on proliferation. It has been shown that they lead to consist-
ent improvement in prolonging the progression-free survival
(PFS), with hazard ratios (HRs) of around 0.5 to 0.6 [19, 21,
24,33, 34, 41]. CDK4/6is may possibly even lead to an over-
all survival benefit [42]. The safety profile also allows for
long treatment periods [14]. The treatment might, therefore,
be suitable for improving the prognosis in the adjuvant set-
ting as well, and studies in this therapy setting are underway
[8-10]. Some of these trials use Ki-67 as an inclusion crite-
rion, and it would, therefore, be beneficial to understand the
prognostic effects of Ki-67 in the various commonly used
subgroups of patients with early breast cancer.

Patients and methods
Patient selection

The patients included in this retrospective study were
selected from all patients with invasive breast cancer
treated at the University Breast Center for Franconia, Ger-
many, since 2001. For inclusion, the patients had to have a
HER2- and hormone receptor-positive tumor, along with
information available regarding staging and other covari-
ates. Figure 1 shows a flow diagram for patient selection.
Approval for carrying out the planned analysis was obtained
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from the Ethics Committee of the Medical Faculty of Frie-
drich Alexander University, Erlangen.

Data collection

As part of a continuous quality-assurance process, each cer-
tified breast cancer center in Germany is required to docu-
ment all primary diagnoses, patient and tumor characteris-
tics, tumor board decisions, and treatment characteristics,
as well as follow-up data for disease-free survival (DFS)
and overall survival [3, 47]. These data have to be collected
prospectively and are audited on an annual basis by the
German Cancer Society (Deutsche Krebsgesellschaft) and
German Society for Breast Diseases (Deutsche Gesellschaft
fiir Senologie). As part of this process, all histopathological
data have to be documented, including tumor size; axillary
lymph-node status; tumor grade; and estrogen receptor, pro-
gesterone receptor, and HER?2 status, among other items.
The data have to be documented from the original pathology
reports. All of the data used in this retrospective analysis
were obtained from this database.

Histopathological data

All histopathological information used in this analysis was
directly documented from the original pathological reports,
which were reviewed by two investigators. Grading, tumor
type, estrogen receptor status, progesterone receptor status,
HER?2 status, and proliferation status as assessed by Ki-67
staining have been routinely recorded at the Breast Center
since 1995. The pretreatment core biopsies were stained in
clinical routine as follows: estrogen receptor-alpha (clone
1D5, 1:200 dilution or clone EP1, dilution 1:40; DAKO,
Denmark); progesterone receptor (clone pgR636, 1:200 dilu-
tion; DAKO, Denmark), Ki-67 (clone MIB-1, 1:200 or 1:100
dilution; DAKO, Denmark). The percentage of positively
stained cells was stated in the pathological reports.

The tumors were considered to be positive for the estro-
gen and progesterone receptors if a percentage of at least
10% (up to 2009) or at least 1% (since 2010) more cells
stained positive.

To assess HER2 status, a polyclonal antibody against
HER?2 (1:200 or a 1:1000 dilution, DAKO, Denmark) was
used and HER?2 status was stated as negative, 0, 1+, 2+,
or 3+ in accordance with Sauter et al. [32]. Tumors with a
score of 0 or 1+ were considered HER2—, and 3+ tumors
were considered positive. Tumors with 2+ staining were
tested for gene copy numbers using chromogene in situ
hybridization. Using a kit with two probes of different colors
(ZytoDot, 2C SPEC HER2(ERBB2)/CEN17; Zyto Vision
Ltd., Bremerhaven, Germany), the gene copy numbers of
HER?2 and centromeres of the corresponding chromosome
17 were retrieved. A HER2/CEN17 ratio of >2.2 up to 2013
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Fig. 1 Patient selection

and > 2 thereafter was considered to represent amplification
of HER2.

With regard to Ki-67 assessment, the overall tumor area
was reviewed including the invasion front. In case there were
regions with the higher percentage of Ki-67+ nuclei (“hot
spot”) this area determined the Ki-67 assessment.

Statistical analysis

The primary objective of this study was to analyze the effect
of Ki-67 levels on DFS in commonly analyzed subgroups
of patients. DFS was defined as the time from diagnosis to
the earliest date of disease progression (distant metastasis,
local recurrence, death from any cause) or the date of cen-
soring, after 10 years at the latest. Survival rates, and spe-
cifically 5-year survival rates with 95% confidence intervals
(ClIs), were estimated using the Kaplan—Meier product limit
method.

P values for interactions were calculated to assess
whether the effect of Ki-67 on DFS varied between
patient subgroups, using Cox regression models (one for
each patient or tumor characteristic), with patient/tumor

characteristic, Ki-67, and the interaction between the
patient/tumor characteristic and Ki-67 as predictors. All
patient and tumor characteristics were used as categori-
cal or ordinal variables: age at diagnosis (<45 vs. 45-54
vs. 55-64 > 65 years), body mass index (BMI; <25 vs.
25-25.99 vs. > 30 kg/m?), pT (1 vs. 2 vs. 3 vs. 4), pN
(negative vs. positive), American Joint Committee on Can-
cer, AJCC stage (I vs. II vs. III), tumor grade (G1 vs. G2
vs. G3), adjuvant or neoadjuvant chemotherapy adminis-
tered (no vs. yes). Ki-67 was categorized into three groups,
< 10%, 10-19%, and >20%, to obtain information about
subgroups similar to those used in other reports [49].

In addition, the prognostic effect of all predictors
together was described using a multivariate Cox model
with all patient and tumor characteristics of interest as
predictors. Information about tumor size and nodal status
was used, such as the AJCC stage.

All of the tests were two-sided, and a P value of <0.05
was regarded as statistically significant. Calculations were
carried out using the R system for statistical computing
(version 3.0.1; R Development Core Team, Vienna, Aus-
tria, 2013).
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Results

A total of 3140 patients with HER2—, hormone recep-
tor-positive breast cancer were available for the analysis.
Of these, 1095 had Ki-67 levels < 10% (low), 1117 were
assessed as having a Ki-67 level of 10-19% (intermediate),
and 1195 cases had a Ki-67 level >20% (high).
Associations between these groups of Ki-67 and patient
and tumor characteristics are shown in Table 1. Most of
the tumors with Ki-67 < 10% were in stage I (n =693,
63.3%). Tumors with Ki-67 levels of 10-19% and Ki-67
levels > 20% represented stage I disease in 51.5% and
44.8% of the patients, respectively. Higher proliferation
rates as assessed by Ki-67 were strongly correlated with
larger tumors with a higher grade. In addition, patients

Table 1 Patient and tumor characteristics relative to Ki-67 categories,
showing frequencies and percentages

Characteristics ~ Ki-67 < 10% Ki-67 > 10% and Ki-67 > 20%
(n = 1095) <20% (n=1117) (n=1195)

Age at diagnosis (years)

<45 98 (8.9) 101 (9.0) 186 (15.6)

45-54 240 (21.9) 274 (24.5) 290 (24.3)

55-64 348 (31.8) 288 (25.8) 305 (25.5)

> 65 409 (37.4) 454 (40.6) 414 (34.6)
BMI (kg/m?)

<25 486 (44.4) 476 (42.6) 519 (43.4)

25-30 397 (36.3) 404 (36.2) 382 (32.0)

>30 212 (19.4) 237 (21.2) 294 (24.6)
T

1 751 (68.6) 661 (59.2) 581 (48.6)

2 286 (26.1) 357 (32.0) 495 (41.4)

3 38 (3.5) 66 (5.9) 65 (5.4)

4 20 (1.8) 33 (3.0 54 (4.5)
N

pNO 859 (78.4) 773 (69.2) 721 (60.3)

pN+ 236 (21.6) 344 (30.8) 474 (39.7)
AJCC stages

I 693 (63.3) 575 (51.5) 535 (44.8)

I 316 (28.9) 411 (36.8) 486 (40.7)

111 86 (7.9) 131 (11.7) 174 (14.6)
Grades

Gl 409 (37.4) 249 (22.3) 82 (6.9)

G2 654 (59.7) 784 (70.2) 702 (58.7)

G3 32 (2.9) 84 (7.5) 411 (34.4)
Chemotherapy

No 954 (87.1) 961 (86.0) 815 (68.2)

Yes 141 (12.9) 156 (14.0) 380 (31.8)

AJCC American Joint Committee on Cancer, BMI body mass index
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with higher Ki-67 levels received adjuvant or neoadjuvant
chemotherapy more often (Table 1).

There were 166, 161, and 259 events in the groups of
patients with low, intermediate, and high levels of Ki-67
expression, respectively. The 5-year DFS rates for those
groups were 0.90 (95% CI 0.88 to 0.92), 0.89 (95% C1 0.87
to 0.91), and 0.77 (95% CI 0.74 to 0.80). Figure 2 shows
Kaplan—Meier curves for these Ki-67 categories.

The 5-year DFS rates for Ki-67 relative to tumor stage
and other patient and tumor characteristics are shown in
Table 2. Analysis of the subgroups defined by Ki-67 and
disease stage (as the strongest prognostic factor) differenti-
ated groups of patients who have a 5-year DFS rate of 0.93
(95% CI1 0.91 to 0.95) in patients with stage I tumors and
Ki-67 < 10%; and patients with a 5-year DFS rate of 0.49
(95% CI 0.41 to 0.58) in patients with stage III tumors and
Ki-67 >20%. In patients with stage II tumors, Ki-67 sepa-
rated the patients into groups with a 5-year DFS of 0.86
(95% CI 0.82 to 0.90) in patients with Ki-67 < 10%; 0.90
(95% CI1 0.86 to 0.93) in patients with a Ki-67 of 10-19%;
and 0.77 (95% CI1 0.72 to 0.91) in patients with Ki-67 >20%.
Figure 3 shows Kaplan—-Meier curves for the subgroups
defined by disease stage and Ki-67.

The effect of Ki-67 on DFS varied in patient groups
defined by age (interaction P=0.01) and grade (interaction
P <0.01). In younger patients (<45 years), there were sur-
vival differences between patients with low Ki-67 expression
and those with intermediate Ki-67 expression. This differ-
ence was not observed in other age classes (Supplemen-
tary Fig. 1). The survival curves for patients with G1, G2,
and G3 tumors differed in those with intermediate or high

1.0
0.8
0.6 |
=
3
©
Qo
°
o
0.4
0.2
— (1) <10 (n=1095)
— (2) 10-19 (n=1117)
0.0 — (3) >=20 (n=1195)
T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10 11 12

Time (in years)

Fig.2 Disease-free survival relative to Ki-67 categories (correspond-
ing hazard ratios are shown in Table 3)
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Table 2 Five-year survival rates (and 95% confidence intervals) rela-
tive to patient subgroups and Ki-67 categories

Characteristics Ki-67 < 10%

Ki-67 10-19%

Ki-67 > 20%

Age at diagnosis (years)

<45 0.86 (0.79, 0.94) 0.93 (0.87, 0.99) 0.73 (0.66, 0.81)
45-54 0.95 (0.92, 0.98) 0.92 (0.89, 0.96) 0.76 (0.70, 0.82)
55-64 0.92 (0.89, 0.95) 0.93 (0.90, 0.97) 0.81 (0.76, 0.87)
> 65 0.85 (0.82, 0.89) 0.84 (0.80, 0.88) 0.76 (0.71, 0.81)
BMI (kg/m?)
<25 0.89 (0.86, 0.92) 0.89 (0.86, 0.93) 0.76 (0.72, 0.81)
25-30 0.90 (0.87, 0.94) 0.92 (0.89, 0.95) 0.78 (0.73, 0.84)
>30 0.91 (0.87,0.96) 0.85 (0.79, 0.90) 0.76 (0.70, 0.82)
T
1 0.93 (0.91, 0.95) 0.93 (0.91, 0.96) 0.86 (0.83, 0.90)
2 0.85 (0.80, 0.89) 0.87 (0.83, 0.91) 0.72 (0.67, 0.77)
3 0.81 (0.67, 0.98) 0.75 (0.62, 0.90) 0.60 (0.48, 0.77)
4 0.68 (0.50, 0.93) 0.66 (0.51, 0.87) 0.49 (0.35, 0.69)
N
pNO 0.92 (0.90, 0.94) 0.94 (0.92, 0.96) 0.84 (0.81, 0.87)
pN+ 0.82 (0.76, 0.87) 0.80 (0.76, 0.85) 0.66 (0.61, 0.72)

AJCC stages
1

0.93(0.91, 0.95)

0.94 (0.91, 0.96)

0.87 (0.84,0.91)

1I 0.86 (0.82, 0.90) 0.90 (0.86, 0.93) 0.77 (0.72, 0.81)

1 0.77 (0.68, 0.87) 0.70 (0.61, 0.79) 0.49 (0.41, 0.58)
Grades

Gl 0.91 (0.88,0.94) 0.98 (0.96, 1.00) 0.89 (0.81, 0.99)

G2 0.89 (0.87,0.92) 0.88 (0.85,0.90) 0.78 (0.74, 0.82)

G3 0.82 (0.68,0.98) 0.83(0.74,0.92) 0.73 (0.67, 0.78)
Chemotherapy

No 0.90 (0.88, 0.92) 0.90 (0.87, 0.92) 0.80 (0.77, 0.84)

Yes 0.88 (0.83,0.94) 0.86 (0.81, 0.92) 0.69 (0.64, 0.75)

BMI body mass index

Ki-67 values, but there were hardly any differences between
patients with G1 tumors and those with G2 tumors if Ki-67
was low (Supplementary Fig. 5). Different prognostic effects
of Ki-67 were not observed in any other patient subgroups.

The Cox regression model, including age, BMI, disease
stage, and Ki-67 as predictors of DFS showed that each of
these variables was associated with the DFS. HRs are shown
in Table 3.

Discussion

This analysis presents 5-year DFS rates for patients with
HER2- and hormone receptor-positive early breast can-
cer in relation to Ki-67 expression and common tumor and
patient characteristics. It was found that the prognostic effect
of Ki-67 differs in patient subgroups defined by age and
grade. In patients with stage I disease, the absolute effects

Probability

0.4

— (1) <10and (1) | (n=693)
-- (1) <10and (2) Il (n=316)
-++= (1) <10and (3) lll (=86)
— (2)10-19 and (1) I (n=575)
-~ (2)10-19.and (2) Il (n=411)
---- (2)10-19 and (3) lll (1=131)
— (3) >=20and (1) | (1=535)
-~ (3) >=20and (2) Il (=486)
---= (3) >=20and (3) lll (=174)
T T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 00 11 12

0.2

0.0

Time (in years)

Fig.3 Disease-free survival relative to Ki-67 and disease stage cat-
egories

Table 3 Multivariate Cox regression model, showing hazard ratios
with 95% confidence intervals and associated P value

Characteristics HR (95% CI) P values
Age (years)
<45 1 (Reference) -
45-54 0.80 (0.59, 1.07) 0.13
55-64 0.81 (0.61, 1.08) 0.15
> 65 1.36 (1.05, 1.76) 0.02
BMI
<25 1 (Reference) -
25-29.99 0.79 (0.65, 0.96) 0.02
> 30 0.98 (0.79, 1.20) 0.82
AJCC stages
1 1 (Reference) -
1T 1.76 (1.45,2.14) < 0.000001
1 4.61 (3.72,5.71) < 0.000001
Ki-67 (%)
<10 1 (Reference) -
10-19 1.03 (0.82, 1.28) 0.82
>20 1.76 (1.44,2.15) < 0.000001

AJCC American Joint Committee on Cancer, BMI body mass index,
CI confidence interval, HR hazard ratio

were small. In patients with stage II disease, patients with
low and intermediate Ki-67 expression had a similar 5-year
DFS, while patients with Ki-67 expression > 20% had a more
unfavorable 5-year DFS rate.

Discussions regarding Ki-67 have so far focused on
whether it can be used to assist decision-making for or
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against adjuvant chemotherapy. Although adjuvant chemo-
therapy is considered to improve the 10-year overall sur-
vival of breast cancer patients by 6-8% [16], this benefit
remains questionable in view of the associated toxicity,
particularly since new diagnostic methods are now able to
identify patients with a prognosis that is favorable enough
for chemotherapy to be avoided. Although a few multigene
assays have been developed to assist decision-making [6, 37,
38], simpler models have also been established that include
Ki-67 expression in the prognostic prediction [12]. In addi-
tion, it has been shown in various trials that Ki-67 also has a
prognostic effect in patients who do not receive chemother-
apy [49]. Another effect of Ki-67 expression that has been
described is its value for predicting pCR following neoadju-
vant chemotherapy [17, 31, 39]. However, not only because
of its limited analytical validity, the clinical utility of Ki-67
expression in decision-making for or against chemotherapy
is still under discussion [2, 5, 49]. It has been argued that it
may not be able to identify a group of patients who have an
excellent prognosis, in whom a decision in favor of chemo-
therapy is questionable [2].

On the one hand, avoiding chemotherapy in a group of
patients with a favorable prognosis is one clinical question.
On the other, additional therapy with an acceptable toxicity
profile might be beneficial if it was possible to use a relevant
marker to identify a group of patients with an unfavorable
prognosis. CDK4/61 might be an example of such a treat-
ment. Although it has only been approved for patients with
advanced breast cancer, several clinical trials are ongoing to
investigate its efficacy in the adjuvant setting [8—10]. Ki-67
expression might be a useful marker for decision-making
here, since it is easier to identify women with a poorer
prognosis than to identify those with an excellent progno-
sis. The present study shows that the previously reported
cut-off value of 20% identifies a group of patients who have
a 5-year DFS of less than 80% in patients with stage II dis-
ease. As a matter of fact, this group of patients seems to be
a group with yet unmet medical need. Such a patient group
might, therefore, benefit from additional therapy like but not
restricted to CDK4/6i.

This study has several strengths and limitations. Some
of these limitations are associated with Ki-67 staining and
assessment and relate to previously identified and discussed
concerns regarding the usage of Ki-67 in clinical routine
and across institutions [15]. First, with regard to the stain-
ing we used MIB-1 as an antibody. MIB-1 is well estab-
lished for the evaluation of Ki-67 in breast cancer [15].
Therefore, we chose this antibody as a standard for clinical
routine assessments. In Germany, the quality of those assess-
ments is validated annually in round robin tests. However,
there are further antibodies like SP6. We did not compare
Ki-67 assessments with different antibodies which might
be a weakness, but other studies showed an extremely high
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concordance when comparing proliferation assessment with
several antibodies [44, 50]. Another issue, which is associ-
ated with Ki-67 assessment is the intra-tumor heterogene-
ity. It is well known that Ki-67 is prone to a relevant intra-
tumor heterogeneity [4, 22, 26]. This raises the question
how Ki-67 values are assessed to optimize the prediction
of prognosis or therapy responsiveness. We used a method,
which is also referred to as “hot-spot” method, taking the
area into account, which has the highest frequency of posi-
tively stained cells. Comparing the hot-spot method versus
the average, both methods correlate highly with each other
and predict prognosis similarly well [27].

Another concern with regard to Ki-67 and our analysis
could be its influence on therapy decisions. While Ki-67
was not used at our site as a standard marker for therapeutic
decisions, the physicians attending the tumor board were
aware of the Ki-67 value when making those decisions.
Therefore, it cannot be excluded that some therapeutic bias
was introduced by Ki-67 in our cohort. With regard to the
Ki-67 cut-off we pre-defined 10% and 20% as cut-offs for
categories, based on clinical studies published with these
cut-offs [49]. Furthermore, a cut-off of 20% was considered
as being the most clinically relevant cut-off by the St Gallen
Expert Panel [25]. However, neither a cut-off of 10% or 20%
represent the best separation between intrinsic subtypes [7].
However, utilizing Ki-67 for clinical decision-making, even
other cut-offs are discussed like 35% which might be optimal
to predict neoadjuvant chemotherapy effectiveness [13, 17].
One strength of the study is clearly the sample size, which
made it possible to assess survival rates in subgroups with
different levels of Ki-67 expression.

In conclusion, this study shows that Ki-67 expression
is able to distinguish between different prognostic groups
in most subgroups of patients and tumors. Particularly
in patients with AJCC stage II disease, those with Ki-67
expression over 20% may benefit from additional treat-
ments, if available.
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