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Abstract The proliferation marker Ki-67 is one of the

most controversially discussed parameters for treatment

decisions in breast cancer patients. The purpose of this study

was to evaluate the routine use and value of Ki-67 as a

prognostic marker, and to analyze the associations between

Ki-67 and common histopathological parameters in the

routine clinical setting. Data from the clinical cancer reg-

istry Regensburg (Bavaria, Germany) were analyzed.

Within the total data pool of 4,692 female patients, who had

been diagnosed between 2005 and 2011, in 3,658 cases Ki-

67 was routinely determined. Thus, a total of 3,658 patients

with invasive breast cancer were included in the present

study and used for statistical analysis. Ki-67 expression was

associated with the common histopathological parameters.

The strongest correlation was found between grading and

Ki-67 (P \ 0.001). In terms of survival analyses, Ki-67 was

categorized into five categories (reference category Ki-67

B15 %) due to a nonlinear relationship to overall survival

(OS). In multivariable analysis, Ki-67 was an independent

prognostic parameter both for disease-free survival (DFS)

(Ki-67 [ 45 %, HR = 1.96, P = 0.001) as well as for OS

(Ki-67: 26–35 %, HR = 1.71, P = 0.017; Ki-67: 36–45 %,

HR = 2.05, P = 0.011; Ki-67 [ 45 %, HR = 2.06,

P = 0.002) independent of common clinical and histopa-

thological factors. The 5-year DFS (OS) rate was 86.7 %

(89.3 %) in patients with a Ki-67 value B15 % compared to

75.8 % (82.8 %) in patients with a Ki-67 value [45 %.

Based on the data from a large cohort of a clinical cancer

registry, it was demonstrated that Ki-67 is frequently

determined in routine clinical work. Ki-67 expression is

associated with common histopathological parameters, but

is an additional independent prognostic parameter for DFS

and OS in breast cancer patients. Future work should focus

on standardization of Ki-67 assessment and specification of

its role in treatment decisions.
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Introduction

Breast cancer is known to be a heterogeneous disease.

Different subtypes exist which can be defined either by

means of genetic array testing or based on approaches

using immunohistochemical analyses [1]. In multigene

tests especially, proliferation has a substantial impact on

the prediction of the risk of recurrence [2, 3]. Likewise, in

addition to the conventional histopathological parameters,

the assessment of proliferation is one of the major factors

for the treatment decisions in breast cancer patients [4]. A

wide range of techniques is available to assess tumor cell

proliferation such as calculating mitotic figures in stained
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tissue segments, flow cytometric analysis to determine the

proportion of cells being in the S phase of the cell cycle,

examination of thymidine-labeling index, proliferating cell

nuclear antigen (PCNA), or cyclins E and D [5–7].

Ki-67 is a nuclear protein being associated with cellular

proliferation and was originally identified by Gerdes et al.

[8] in the early 1980s, using a mouse monoclonal antibody

directed against a nuclear antigen from a Hodgkin’s lym-

phoma-descended cell line. The most prevalent analysis

method of Ki-67 antigen is the immunohistochemical

evaluation. It was shown that Ki-67 nuclear antigen is

expressed in certain phases of the cell cycle namely S, G1,

G2, and M phases, but is nonexisting in G0 [9, 10]. In

samples from normal breast tissue, it was found that Ki-67

is also expressed at low levels (\3 % of cells) in ER-

negative cells, but not in ER-positive cells [11]. By means

of immunostaining with the monoclonal antibody Ki-67, it

is possible to assess the growth fraction of neoplastic cell

populations. However, to date no standard operating pro-

cedure (SOP) or generally accepted cut-off definition for

Ki-67 exists [12, 13]. For this reason, both the interlabo-

ratory and the interstudy comparability of Ki-67 are limited

[14–16]. Therefore, Ki-67 is not implemented in standard

routine pathology so far.

Nevertheless, this problem is known and several strat-

egies for improvement have been initiated in Germany

such as introduction of quality assurance conferences and

pathologists’ participation in round robin tests. Regarding

the evaluation of Ki-67, the round robin test started in the

beginning of 2010 and includes the reproducibility of the

Ki-67 index in the context of lymphoma diagnostics.

A meta-analysis involving 12,155 patients demon-

strated that the Ki-67 positivity confers a higher risk of

recurrence and a worse survival rate in patients with

early breast cancer. Even though this meta-analysis could

not scrutinize if Ki-67 had independent prognostic value

beyond the standard clinico-pathological variables, it

confirmed that high levels of Ki-67 are associated with

worse prognoses [17]. Another meta-analysis investigat-

ing the proliferation markers and survival in early breast

cancer included data from 32,825 patients and concluded

that Ki-67 was associated with worse survival rates [7].

Nevertheless, it was assumed that this marker is not

ready for routine use. The American Society of Clinical

Oncology (ASCO) Tumor Marker Guidelines Committee

did not advise the use of Ki-67 for prognosis in patients

with newly identified breast cancer because of insuffi-

cient quality assurance [18]. Recently, the ‘‘International

Ki-67 in Breast Cancer Working Group’’ published their

recommendations based on current evidence concerning

the evaluation and the interpretation of Ki-67, pursuing

to increase the interlaboratory comparability and

analytical validity of this marker in clinical practice,

which is one of the most robust biomarkers measured by

immunohistochemistry (IHC). They emphasized the

potential of Ki-67 involving prognosis, prediction of

relative response or deficiency to chemotherapy, and as a

dynamic biomarker of the treatment effectiveness [19].

Furthermore, in the 2011 and in the 2013 St Gallen

Consensus Conference, adding Ki-67 was recommended

for the determination of proliferation and the differenti-

ation of luminal A and B tumors [14–16] as pioneered

by Perou et al. [20], who obtained groundbreaking

results with regards to intrinsic molecular breast cancer

subtypes. In the 2013 St Gallen Consensus Conference,

the majority of panelists voted Ki-67 for taking into

account regarding the application of adjuvant chemo-

therapy in individual cases [16].

However, neither in the St Gallen Conference, nor in the

ASCO recommendations Ki-67 was advocated for routine

use. Equally, the analysis of Ki-67 is not recommended in

the recent update of the German interdisciplinary S3

Guidelines for Diagnosis, Treatment and Follow-up Care

of Breast Cancer (Updated version 07/2012, registry

number 032-045OL of Association of the Scientific Med-

ical Societies, AWMF). Nevertheless, in routine clinical

work, Ki-67 is widely determined in breast cancer tissue

and used as an additional factor for decision making on

adjuvant treatment strategies.

In the last years, several multigene tests of risk assess-

ment in early breast cancer have been developed includ-

ing different proliferation-related genes—among others

Ki-67—to optimize the treatment and avoid unnecessary

chemotherapy. Two large ongoing prospective randomized

multicenter studies, called TAILORx (Trial for Assigning

IndividuaLized Options for Treatment Rx) [21] using

Oncotype DX� [22], and MINDACT (Microarray in Node-

Negative Disease May Avoid ChemoTherapy) [23] using

Mammaprint� [24] investigate the role of these multigene

assays in identifying the benefit of chemotherapy in addi-

tion to the endocrine treatment in node-negative early

breast cancer [25]. Furthermore, the St Gallen Conference

2011 and 2013 considered IHC as state of the art for

clinical routine [14, 16].

The aim of this study was to evaluate the routine use and

value of Ki-67 as a prognostic marker in breast cancer.

Data from a regional population-based cancer registry

(Tumor Centre Regensburg, Bavaria, Germany) were

analyzed. Associations between Ki-67, clinical and histo-

pathological parameters were evaluated. This study inclu-

ded data from six institutes for pathology including the

university hospital and private institutions, and investigated

the use of Ki-67 in the routine clinical setting of different

certified and noncertified breast cancer centers.
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Patients, materials and methods

Database

In this study data from the Tumor Centre Regensburg

(Bavaria, Germany) were analyzed, a population-based

regional cancer registry covering a population of more than

2.2 million people including Upper Palatinate and Lower

Bavaria. The Clinical Cancer Registry Regensburg was

founded in 1991, and currently disposes the follow-up of

192,000 patients and 700,000 (695,760 in 2010) electronic

sheets of documentation. These sheets contain information

about diagnosis, course of disease, therapies, and the whole

follow-up. More than 1,000 practicing doctors, the Uni-

versity Hospital Regensburg and 53 regional hospitals of

Upper Palatinate and Lower Bavaria are involved in the

area-wide, population-based, cross sectorial documentation

of cancer. Using this data pool, analyses of the structures of

patient-centered care in the region are possible. Pursuant to

the German Robert-Koch institute (RKI), the Tumor Centre

Regensburg comprises 100 % of the estimated number of

cases of tumors. For this reason, the completeness of data is

given and publication bias is widely excluded.

The current study considers patients with primary, non-

metastatic (M0), not neo-adjuvant treated invasive breast

cancer. The population-based data were routinely analyzed

in each case and documented in the cancer registry on the

basis of medical reports, pathology, and follow-up records,

independently of primary studies’ interests. The clinical

cancer registry collects the information on recurrence and

mortality. Mortality data were obtained real time from all

the regional registry offices.

The present data pool contained 4,692 female patients

with invasive breast cancer who had been diagnosed

between January 2005 and December 2011 (7 years). This

period is congruent to the certification of breast centers by

the German Cancer Society (DKG) and German Society of

Senology (DGS) and to the implementation of pathologists’

breast cancer specific quality assurance procedures in the

investigated region. Breast cancer was defined according to

the ICD-10 classification as C50 (invasive breast cancer).

Within the total data pool of 4,692 breast cancer patients,

Ki-67 was available in 3,658 cases. Thus, the sample of

n = 3,658 patients was used for all the statistical analyses.

Definitions

Disease-free survival (DFS) was defined as the period of

time from diagnosis to any relapse (including ipsilateral

breast recurrence), the appearance of a second breast can-

cer (including contralateral breast cancer) or to death from

any cause. Overall survival (OS) was defined as the length

of time from cancer diagnosis until death from any cause.

Quality assurance methods

Consistency among the different pathologists and quality

control in this cancer registry area are established due to

various internal and external quality assurance methods.

Internal quality assurance to ascertain intralaboratory uni-

formity is warranted by the use of controls of staining

intensity with the on-slide positive controls. External

quality assurance is established through three measures:

first, certification/accreditation of the pathologies accord-

ing to DIN EN ISO 9001; second, implementation of breast

cancer specific quality circles, and third, pathologists’

participation in the German interlaboratory trials.

Analysis of Ki-67

Regarding the analysis of Ki-67, the following methods

were used in this cohort:

– Immunohistochemical staining is conducted and the

proportion of the malignant cells staining positive for

the nuclear antigen Ki-67 is evaluated in a quantitative

and visual way using light microscopes.

– Ki-67 values are acquired as the percentage of

positively marking malignant cells using the anti-

human Ki-67 monoclonal antibody MIB1 which is one

of the most commonly used antibodies and considered

as the ‘‘gold standard’’ [19].

– The Ki-67 percentage score is defined as the percentage

of positively stained tumor cells among the total

number of malignant cells assessed [11]. Withal only

the positivity is of interest independent of the intensity

of coloration. To ensure quality assurance of the

staining, positive control tissues are completed.

– A Ki-67 cut-off point of 15 % was defined according to

the experience of different pathologists as well as

national and international recommendations at present

[1, 7, 12, 15, 17].

– The complete specimen is investigated and checked for

immunostaining tumor cell nuclei. Scoring is con-

ducted considering the whole tumor section and not

only limiting to the hot spots of the carcinoma or to the

most evident positive parts within the invasive segment

or the front of necrosis.

In summary, the Ki-67-labeling index is the percentage of

cells with Ki-67-positive nuclear immunostaining. Con-

cerning data selection, Ki-67 values of surgical tumor tissue

preparations were taken as these immunohistochemical

analyses are decisive for further therapy scheduling.
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Statistics

Continuous data are expressed as mean ± standard devia-

tion (SD) and categorical data as frequency counts (per-

centages). Baseline characteristics of patients were

compared among Ki-67 quartiles by analysis of variance

(ANOVA) for continuous variables, and by Chi squared

tests for categorical variables. Ki-67 mean values were

compared by ANOVA for each categorical baseline vari-

able. Univariable analyses by the use of the Cox-propor-

tional hazards regression model were performed to assess

the influence of Ki-67 and of established clinical and his-

topathological parameters on the endpoints (DFS and OS).

To determine the impact of Ki-67 on DFS and OS inde-

pendently of all other risk factors, a multivariable adjusted

Cox-proportional hazards model was used. Since the

parameter Ki-67 violated the linearity assumptions of the

Cox model, we performed an exploratory graphical anal-

ysis of the nonlinear relationship of Ki-67 to mortality by

the use of restricted cubic splines (RCS) with five knots in

a multivariable Cox-regression analysis. For simplicity, the

knots were designated at the 5th, 25th, 50th, 75th, and 95th

percentiles. The results were adjusted for the same covar-

iates as in the main Cox-regression analysis. According to

the spline analysis and due to the non-normal distribution

characterized by a few Ki-67 values with a very high-fre-

quency count, the Ki-67 values were categorized into five

categories [B15 % (minimum to median), 16–25 %

(median to p75), 26–35, 36–45, [45 %] for survival

analyses. Since no imputation methods for missing values

were used, the multivariable model contains only patients

with full data sets according to the predictive variables. A

two-sided P value of \0.05 was considered to indicate the

statistical significance. Hazard ratios (HR) and corre-

sponding 95 % confidence intervals (CI) were calculated

and considered as statistically significant if CI excluded

1.0. All analyses were performed using IBM SPSS Statis-

tics 20.0, R (version 2.14.2) using the package survival and

SAS 9.3 (Institute, Cary, NC, USA).

Results

Distribution of Ki-67 across different pathologies

To assess the interlaboratory consistence, we investigated

both the distribution of patients in different pathologies and

the distribution of Ki-67 across different pathologies. A

total of six pathological institutions was involved in Ki-67

diagnostics, and four of them diagnosed the vast majority

of patients, n = 3,374/3,658 (92.2 %). Due to the small

number of patients in pathology number 5 (n = 79) and

pathology number 6 (n = 61), these patients and the

patients who could not be assigned to any pathology

(n = 144) were merged into a separate category, pathology

number 9 (n = 285), as shown in Fig. 1. The distribution

of Ki-67 across the different pathologies displayed to be

very homogenous, which can be referred to the effective-

ness of the above mentioned quality assurance methods.

Patients’ characteristics

The total data pool (2005–2011) consists of 4,692 patients

with invasive breast cancer. The average number of primary

breast cancer patients was 670 per year (Range: 546–768).

Ki-67 was available in 78 % (3,658 patients). In 22 %

(1,034 patients), Ki-67 values were missing due to the

absent information of Ki-67 in the medical reports or no

determination. For representative causes, only these

patients with a present Ki-67 value were included in the

further statistics. Thus, a total of 3,658 patients were eli-

gible for this retrospective population-based analysis. Of

these, 805 patients (22.0 %) were premenopausal and 2,853

(78.0 %) were postmenopausal. The mean age was 62 years

(median: 63 years; range: 24–99 years). Detailed informa-

tion on patients’ and pathological characteristics are given

in Table 1. The use of quartiles in Table 1 (\10, 10–14,

15–24, C25 %) was based on the St Gallen recommenda-

tions to set a cut-off between minor/major 14 % [14, 15].

Fig. 1 Distribution of patients and distribution of Ki-67 categories

across different pathologies. Due to the small number of patients in

pathology number 5 (n = 79) and pathology number 6 (n = 61),

these patients and the patients who could not be assigned to any

pathology (n = 144) were subsumed under pathology number 9

(n = 285), as shown in Fig. 1
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Table 1 Associations between Ki-67 quartiles and the clinical and histopathological parameters

Characteristic Ki-67 (%) 1st

quartile \10 %

Ki-67 (%) 2nd

quartile 10–14 %

Ki-67 (%) 3rd

quartile 15–24 %

Ki-67 (%) 4th

quartile C25 %

Total n (%) P valuea

Age (Mean ± SD) 63.9 ± 12.5 63.0 ± 13.1 62.7 ± 13.2 60.3 ± 14.7 62.4 ± 13.5 \0.001

Menopausal status

Premenopausal 131 (16.1 %) 173 (20.4 %) 216 (22.6 %) 285 (27.4 %) 805 (22.0 %) \0.001

Postmenopausal 683 (83.9 %) 675 (79.6 %) 739 (77.4 %) 756 (72.6 %) 2,853 (78.0 %)

Tumor size

pT1 522 (66.3 %) 499 (61.0 %) 497 (54.1 %) 437 (43.8 %) 1,955 (55.5 %) \0.001

pT2 209 (26.6 %) 265 (32.4 %) 337 (36.7 %) 472 (47.3 %) 1,283 (36.4 %)

pT3 26 (3.3 %) 24 (2.9 %) 41 (4.5 %) 42 (4.2 %) 133 (3.8 %)

pT4 30 (3.8 %) 30 (3.7 %) 43 (4.7 %) 46 (4.6 %) 149 (4.2 %)

Nodal status

N0 549 (71.4 %) 542 (57.7 %) 524 (58.0 %) 531 (54.8 %) 2,146 (62.3 %) \0.001

N1 160 (20.8 %) 176 (22.0 %) 223 (24.7 %) 252 (26.0 %) 811 (23.6 %)

N2 37 (4.8 %) 49 (6.1 %) 89 (9.9 %) 102 (10.5 %) 277 (8.0 %)

N3 23 (3.0 %) 34 (4.2 %) 67 (7.4 %) 84 (8.7 %) 208 (6.0 %)

Histology

Ductal 594 (73.0 %) 644 (75.9 %) 811 (84.9 %) 964 (92.6 %) 3,013 (82.4 %) \0.001

Lobular 122 (15.0 %) 142 (16.7 %) 121 (12.7 %) 41 (3.9 %) 426 (11.6 %)

Other 98 (12.0 %) 62 (7.3 %) 23 (2.4 %) 36 (3.5 %) 219 (6.0 %)

Grading

G1 309 (38.1 %) 224 (26.5 %) 103 (10.8 %) 28 (2.7 %) 664 (18.2 %) \0.001

G2 469 (57.9 %) 556 (65.8 %) 676 (71.0 %) 363 (35.1 %) 2,064 (56.7 %)

G3 32 (4.0 %) 65 (7.7 %) 173 (18.2 %) 643 (62.2 %) 913 (25.1 %)

Lymphatic invasion

L0 586 (77.9 %) 570 (72.4 %) 542 (61.4 %) 504 (52.5 %) 2,202 (65.1 %) \0.001

L1 166 (22.1 %) 217 (27.6 %) 341 (38.6 %) 456 (47.5 %) 1,180 (34.9 %)

Vascular invasion

V0 726 (97.3 %) 748 (96.0 %) 796 (93.0 %) 841 (89.5 %) 3,111 (93.7 %) \0.001

V1 20 (2.7 %) 31 (4.0 %) 60 (7.0 %) 99 (10.5 %) 210 (6.3 %)

Estrogen receptor

Positive 790 (97.2 %) 814 (96.0 %) 885 (92.8 %) 648 (62.3 %) 3,137 (85.8 %) \0.001

Negative 23 (2.8 %) 34 (4.0 %) 69 (7.2 %) 392 (37.7 %) 518 (14.2 %)

Progesterone receptor

Positive 702 (86.3 %) 761 (89.7 %) 810 (84.9 %) 550 (52.9 %) 2,823 (77.2 %) \0.001

Negative 111 (13.7 %) 87 (10.3 %) 144 (15.1 %) 490 (47.1 %) 832 (22.8 %)

HER2/neu

Positive 69 (8.6 %) 91 (10.9 %) 168 (17.7 %) 329 (31.9 %) 657 (18.2 %) \0.001

Negative 737 (91.4 %) 744 (89.1 %) 779 (82.3 %) 701 (68.1 %) 2,961 (81.8 %)

Receptor status

ER? PR? 698 (85.9 %) 757 (89.3 %) 807 (84.6 %) 525 (50.5 %) 2,787 (76.3 %) \0.001

ER? PR- 92 (11.3 %) 57 (6.7 %) 78 (8.2 %) 123 (11.8 %) 350 (9.6 %)

ER- PR? 4 (0.5 %) 4 (0.5 %) 2 (0.2 %) 21 (2.0 %) 31 (0.8 %)

ER- PR- 19 (2.3 %) 30 (3.5 %) 67 (7.0 %) 371 (35.7 %) 487 (13.3 %)

a P value for Pearson’s Chi squared test [except for age (ANOVA)]
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Ki-67 quartiles and histopathological parameters

The mean Ki-67-labeling index for all the patients was 20 %

(Mean ± SD 20.3 ± 18.1), the median of Ki-67 expression

level was 15 % (range: 0–99 %). Premenopausal patients

were prone to higher Ki-67 values, while postmenopausal

patients were prone to lower Ki-67 percentages. Overall, the

majority of tumor tissues (57 %) showed Ki-67 percentages

B15 %. Regarding the tumor size, low-pT stages were

associated with low expression of Ki-67. The majority of

patients had pT1 (55.5 %) or pT2 (36.4 %) tumors, respec-

tively. In these groups, the first and the second Ki-67 quar-

tiles were prevalent. In higher Ki-67 quartiles, the number of

patients with more advanced tumor stages was increased.

Because of the low numbers of pT3 (133 patients) and pT4

(149 patients) tumors, it is difficult to make conclusions on

the differences in the relation between Ki-67 and tumor size.

Concerning the nodal status, it was shown that in node-

negative tumors the first Ki-67 quartile was dominant

(71.4 %). In node positive tumors, the percentages of low-

Ki-67 quartiles was decreasing—in other words higher nodal

status was associated with higher Ki-67 quartiles. The

evaluation of histological type showed a tendency of ductal

type in higher Ki-67 quartiles. The clearest associations

between Ki-67 and histopathological parameters were seen

in relation to grading. In low-grade tumors (G1), the first and

the second Ki-67 quartiles were predominant. The quota of

high-Ki-67 percentages in G1 tumors was negligibly small

(2.7 %). Conversely, high-grade tumors were associated

with high-Ki-67 quartiles. Only 4.0 % of G3 tumors were

found in the first quartile in contrast to 62.2 % in the fourth

quartile. Tumors with lymphatic and vascular invasion were

inclined to higher proliferation similar to nodal status.

Estrogen receptor (ER) positive tumors were associated with

low-Ki-67 quartiles. In the first quartile, 97.2 % were ER

positive, in the third quartile 92.8 %, and in the fourth

quartile only 62.3 %, respectively. Regarding progesterone

receptor (PR), this effect was less distinct. In terms of HER2/

neu, high-Ki-67 quartiles were found in tumors with HER2/

neu overexpression. Absence of HER2/neu overexpression

was correlated with low Ki-67 values.

Absolute Ki-67 values and histopathological

parameters

In addition to the analysis of Ki-67 quartiles, absolute Ki-

67 values and their relation to the histopathologic param-

eters were examined using ANOVA, as shown in Table 2.

Mean Ki-67 in premenopausal patients was 24 and 19 % in

postmenopausal patients, respectively. Regarding the

tumor size, there were no substantial differences in Ki-67

distribution. Concerning the nodal status, differences of Ki-

67 values were more distinct. Mean Ki-67 in node-negative

tumors was 19 % whereas in N3 tumors it was 24 %.

Interestingly, in terms of histology, invasive ductal carci-

noma had a Ki-67 expression of 22 % in contrast to the

lobular tumors which had a mean Ki-67 of 13 %. Once

again, the differentiation of tumors showed obvious cor-

relation with Ki-67. G1 tumors had Ki-67-labeling indices

of 10 %, G2 tumors of 16 %, and G3 tumors of 37 %.

Lymphatic and vascular invasion were concordant in their

characteristics in relation to Ki-67. Mean Ki-67 of L0

tumors was 18 and 20 % in V0 tumors, whereas in L1

tumors mean Ki-67 was 24 and 28 % in V1 tumors.

Somewhat different to Ki-67 quartiles, ER and PR behave

similarly in analysis of absolute Ki-67 values with a mean

of Ki-67 of 17 % both in ER positive and in PR positive

tumors. In receptor negative tumors, Ki-67 expression was

higher with 42 % in ER negative and 34 % in PR-negative

tumors. Mean Ki-67 of HER2/neu positive tumors was

27 %, and 19 % in HER2/neu negative tumors. Conse-

quently, Ki-67 showed an association with all the tested

factors in the Pearson’s Chi squared test as well as in

ANOVA (P \ 0.001).

Prognostic value of Ki-67 and histopathological

parameters in univariable survival analysis

At a median follow-up time of 42 months, 347 deaths were

recorded of which 188 were certainly breast cancer-related.

According to the RCS analysis (Fig. 2), Ki-67 was found to

be nonlinear related to OS between 0 and 15 % (n = 2,074

patients). Thus, we left the St Gallen based cut-off used in

Table 1, and Ki-67 values were categorized into five cate-

gories (Ki-67 B 15 % (minimum to median), Ki-67:

16–25 % (median to p75), Ki-67: 26–35, Ki-67: 36–45, Ki-

67 [ 45 %) for the survival analyses. Regarding Ki-67,

statistically significant effects for DFS and for OS were

found in the univariable analysis (Table 3). Figures 3 and 4

present the corresponding Kaplan–Meier survival curves of

DFS and OS categorized by Ki-67 of 3,658 patients. All

clinical and histopathological parameters (age, menopausal

status, tumor size, nodal status, histological type, grading,

lymphatic invasion, vascular invasion, ER, PR, and HER2/

neu) were also investigated for their prognostic value in

univariable analyses for DFS and OS. All parameters except

histological subtype and HER2/-neu overexpression had

statistically significant prognostic effects on both DFS and

OS. Regarding the HER2/-neu status, a significant P value

was only seen for DFS. These results are shown in Table 3.

Prognostic value of Ki-67 and histopathological

parameters in multivariable survival analysis

In the multivariable model with n = 3,174 complete data

sets, Ki-67 remained an independent parameter with respect
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to DFS and OS independent of the common histopatholo-

gical parameters, as shown in Table 4. Ki-67 (reference

Ki-67: 0–15 %; Ki-67: 16–25 %, HR = 1.14, P = 0.49;

Ki-67: 26–35 %, HR = 1.71, P = 0.017; Ki-67: 36–45 %,

HR = 2.05, P = 0.011; Ki-67 [ 45 %, HR = 2.06, P =

0.002), age, tumor size, nodal status, ER, and HER2/neu

were all independent unfavorable factors in OS. In the

analysis of DFS, Ki-67 (Ki-67: 16–25 %, HR = 1.00,

P = 1.00; Ki-67: 26–35 %, HR = 1.44, P = 0.07; Ki-67:

36–45 %, HR = 1.50, P = 0.11; Ki-67 [ 45 %, HR =

1.96, P = 0.001), age, menopausal status, tumor size, nodal

status, grading, and vascular invasion were all independent

unfavorable prognostic parameters.

The 3- and 5-year DFS and OS rates according to

Kaplan–Meier analyses, each categorized by Ki-67, are

shown in Table 5.

Discussion

To our knowledge, this is one of the largest retrospective

studies analyzing the data from a high-quality clinical

cancer registry on routine use and prognostic significance

of Ki-67 in breast cancer patients. Our study was per-

formed using the data of a clinical cancer registry which

reflects the routine care in different institutions. First of all,

it was found that Ki-67 is determined in a large proportion

of tumors from patients with primary breast cancer. This

suggests that the parameter is used in clinical routine

although not recommended in national guidelines. The

study demonstrated that the Ki-67 showed an association

with the common histopathologic parameters. The effect

was clearly seen in the association between Ki-67 and

grading. This result reinforces the assumption of a similar

behavior of these two parameters, both associated with

proliferation. Similarly higher tumor stages and higher

nodal status were associated with higher Ki-67 quartiles

indicating that the more aggressive the tumor is the higher

is the percentage of cells positively stained for Ki-67.

Notably, in multivariable analysis, Ki-67 was a self-reliant

parameter in respect of DFS and OS. Patients with tumors

that had a high-Ki-67-labeling index (Ki-67 [ 25 %) had

both worse DFS and OS than patients with tumors that had

low-Ki-67-labeling index (Ki-67 \ 25 %). Furthermore, it

was found that Ki-67 values between 0 and 15 % are not

linearly related to DFS and OS, while Ki-67 values[15 %

seem to have a linear relationship. Consequently, this study

confirms that high-Ki-67-labeling index is a prognostic

parameter for DFS as well as for OS. As to Ki-67 cate-

gories, the P-values of all the three categories in the

fourth quartile (Ki-67: 26–35, 36–45 and [45 %) were

statistically significant, compared to the first category

[Ki-67 B 15 % (median)] which raises the question of an

optimal Ki-67 cut-off point. This should be a subject of

further research. Even though the gene expression profiling

is already commercially available to analyze tumor char-

acteristics, currently this method is not likely to be widely

adopted in clinical routine work because of high cost and

Table 2 Differentiation of continuous Ki-67 percentages by analysis

of variance (ANOVA)

Characteristic Absolute Ki-67
mean (±SD)

Total n P valuea

Menopausal status

Premenopausal 24.1 (±20.4) 805 \0.001

Postmenopausal 19.3 (±17.3) 2,853

Tumor size

pT1 17.7 (±16.3) 1,955 \0.001

pT2 24.1 (±20.3) 1,283

pT3 20.7 (±15.7) 133

pT4 20.1 (±16.6) 149

Nodal status

N0 18.9 (±17.9) 2,146 \0.001

N1 21.6 (±18.6) 811

N2 23.4 (±17.9) 277

N3 24.4 (±17.0) 208

Histology

Ductal 21.8 (±18.7) 3,013 \0.001

Lobular 13.3 (±10.7) 426

Other 14.5 (±17.5) 219

Grading

G1 9.7 (±8.2) 664 \0.001

G2 16.2 (±12.7) 2,064

G3 37.4 (±22.1) 913

Lymphatic invasion

L0 18.2 (±17.3) 2,202 \0.001

L1 24.3 (±18.9) 1,180

Vascular invasion

V0 19.7 (±17.9) 3,111 \0.001

V1 27.8 (±19.9) 210

Estrogen receptor

Positive 16.8 (±14.1) 3,137 \0.001

Negative 41.9 (±24.0) 518

Progesterone receptor

Positive 16.5 (±13.8) 2,823 \0.001

Negative 33.5 (±24.1) 832

HER2/neu

Positive 27.5 (±19.0) 657 \0.001

Negative 18.7 (±17.5) 2,961

Receptor status

ER? PR? 16.1 (±13.2) 2,787 \0.001

ER? PR- 21.9 (±19.1) 350

ER- PR? 40.6 (±27.4) 31

ER- PR- 41.9 (±23.8) 487

a P value for ANOVA
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lack of evidence from prospective trials. Previous studies

were able to demonstrate that a prognostic model, the IHC

4 score, using ER, PR, HER2, and Ki-67 provides similar

prognostic information to that in the 21-gene Genomic

Health recurrence score [26]. Therefore, the use of Ki-67

and its correlation with the routine clinical and histopa-

thological parameters were evaluated in a large data set.

Currently, neither in the St Gallen nor in the ASCO rec-

ommendations nor in the German interdisciplinary S3

Guidelines for the Diagnosis, Treatment and Follow-up of

Breast Cancer Ki-67 has been introduced as a routine

parameter. However, our data showed that Ki-67 is used to

a considerable extent in routine clinical work. In contrast to

Ki-67, histological grading has been one of the most

commonly used parameters for therapy decision-making

for a long time. Grading describes differentiation as well as

proliferation in various tumors. The most relevant problem

using this factor is reproducibility among different insti-

tutions [27]. Elston and Ellis therefore modified the Bloom

and Richardson grading system and designed the Notting-

ham combined histologic grade [28]. Their classification

system was an important landmark in terms of achieving

reproducibility of grading assessments [29]. Among clas-

sical histopathological parameters, grading was strongly

correlated to Ki-67-labeling indices. This correlation was

proven in various former studies [30–36]. These findings

are in accordance to our results. A further powerful cor-

relation was noted in steroid receptor status and Ki-67

corresponding with previous studies. ER status has been

largely identified as being inversely correlated with Ki-67,

with the higher rates of ER positivity shown in the lowest

proliferating tumors [35, 37–40]. Moreover, it could be

demonstrated that high levels of Ki-67 are associated with

HER2/-neu positivity according to former studies [41].

Viale et al. [42] concluded that higher values of Ki-67-

labeling index were associated with adverse prognostic

factors. In their univariate analyses, high ([11 %) Ki-67-

labeling index was associated with larger tumors, higher

tumor grade, peritumoral vascular invasion, and HER-2

positivity (each P \ 0.01). Vascular and lymphatic inva-

sion were also associated with higher Ki-67 values as

previously described by Jacquemier et al. [43]. Conse-

quently, one of the major findings of this study was that

Ki-67 was associated with all the commonly used histo-

pathologic parameters confirming the results of similar

studies regarding clinical work [44]. One of the main

questions was whether Ki-67 provides prognostic infor-

mation in routine use. In former studies, Ki-67 has also

been valued as a prognostic factor being associated

with breast cancer outcomes [3, 30, 36, 45–49]. Ki-67

Fig. 2 Adjusted hazard ratio for mortality according to Ki-67. Ki-67

was added to a multivariable Cox-regression model using restricted

cubic splines (Knots at the 5th, 25th, 50th, 75th and 95th percentiles).

We adjusted for age, menopausal status, tumor size, nodal status,

histology, tumor grading, lymphatic invasion, vascular invasion,

estrogen receptor, progesterone receptor, and HER2/neu. The solid
line represents the hazard ratio estimation and the dotted lines
represent the 95 % confidence band. The vertical reference lines
represent the Ki-67 categories used for the latter cox-regression

models
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Table 3 Association of Ki-67 with clinical and histopathological parameters in univariable analysis

Characteristic Disease-free survival Overall survival

HR 95 % CI P B HR 95 % CI P B

Age (n = 3,658) 1.05 1.05–1.06 0.001 1.07 1.06–1.08 0.001

Ki-67-categories (%) (n = 3,658)

B15 1 1

16–25 1.24 0.95–1.61 0.11 1.26 0.94–1.69 0.12

26–35 2.02 1.52–2.69 0.001 2.12 1.55–2.90 0.001

36–45 2.00 1.34–2.98 0.001 2.12 1.37–3.26 0.001

[45 2.42 1.87–3.15 0.001 2.13 1.58–2.88 0.001

Menopausal status (n = 3,658)

Premenopausal 1 1

Postmenopausal 2.19 1.64–2.93 0.001 3.20 2.20–4.66 0.001

Tumor size (n = 3,520)

pT1 1 1

pT2 2.99 2.35–3.80 0.001 3.08 2.33–4.05 0.001

pT3 5.80 3.92–8.59 0.001 5.77 3.70–9.02 0.001

pT4 7.68 5.46–10.80 0.001 9.44 6.52–13.66 0.001

Nodal status (n = 3,442)

N0 1 1

N1 2.20 1.71–2.83 0.001 2.01 1.51–2.69 0.001

N2 3.23 2.34–4.46 0.001 2.92 2.02–4.23 0.001

N3 4.39 3.19–6.05 0.001 4.05 2.82–5.83 0.001

Histology (n = 3,658)

Ductal 1 1

Lobular 0.99 0.74–1.32 0.94 1.01 0.73–1.40 0.935

Other 0.72 0.46–1.13 0.15 0.87 0.55–1.39 0.568

Grading (n = 3,641)

G1 1 1

G2 3.05 2.05–4.55 0.001 2.64 1.74–4.00 0.001

G3 5.00 3.33–7.50 0.001 4.04 2.63–6.19 0.001

Lymphatic invasion (n = 3,382)

L0 1 1

L1 2.55 2.07–3.14 0.001 2.31 1.83–2.92 0.001

Vascular invasion (n = 3,321)

V0 1 1

V1 3.27 2.49–4.29 0.001 2.72 1.98–3.75 0.001

Estrogen receptor (n = 3,655)

Positive 1 1

Negative 2.22 1.80–2.75 0.001 2.23 1.76–2.82 0.001

Progesterone receptor (n = 3,655)

Positive 1 1

Negative 2.18 1.80–2.65 0.001 2.14 1.72–2.66 0.001

HER2/neu (n = 3,618)

Negative 1 1

Positive 1.39 1.12–1.74 0.003 1.23 0.96–1.59 0.106

Receptor status (n = 3,655)

ER? PR? 1 1

ER? PR– 1.86 1.40–2.47 0.001 1.79 1.30–2.47 0.001

ER- PR? 1.95 0.81–4.73 0.138 2.01 0.75–5.40 0.167

ER- PR- 2.45 1.96–3.07 0.001 2.44 1.90–3.13 0.001
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previously has been already considered as a biomarker for

therapeutic decision [13, 50]. Colozza et al. [51] reviewed

the role of proliferation markers as prognostic and pre-

dictive tools in early breast cancer. All of the chosen

studies correlated statistically significant with DFS and OS

in multivariate analysis. However, the selected studies

enclosed, had a rather smaller number of patients ranging

from 127 to 707 patients, and were limited to designated

tumor stages. Two meta-analyses including studies per-

formed between 2006 and 2011 elucidate the prognostic

role of Ki-67 in breast cancer. It is notable that in both

meta-analyses, the included studies applied different eli-

gibility criteria, study design, methods for analyzing Ki-67,

and cut-off points. The meta-analysis of de Azambuja et al.

[17] investigated the prognostic value of Ki-67 only in

univariate analyses for both DFS and OS. Concerning DFS,

data from 38 studies (including 10,954 patients) were

comprised and a fixed effect HR of 1.88 (95 % CI

1.75–2.02) was found. In terms of OS, 35 studies were

incorporated (including 9,472 patients) and a HR of 1.89

(1.74–2.06) was identified. In the meta-analysis by Stuart-

Harris et al. [7], both univariate and multivariate analyses

were reported. The pooled adjusted HRs were 2.05

(1.80–2.33) for DSF and 1.88 (1.55–2.27) for OS in uni-

variate analyses, and 1.76 (1.56–1.98) for DFS and 1.42

(1.14–1.77) for OS in multivariate analyses. However,

these data include merely data from clinical studies and

study populations, but no data reflecting the routine med-

ical care.

In this study, it was confirmed that Ki-67 is as a prog-

nostic factor in breast cancer patients in a routine setting. A

2010 published review article concluded increasing evi-

dence that Ki-67 is a valuable prognostic marker but as to its

predictive role its applicability is limited [12]. No robust

evidence was found that Ki-67 can serve as a tool to identify

patients who will benefit from a specific chemotherapy or

endocrine treatment. Nevertheless, the validation of Ki-67

as a predictive factor was not the subject of the present

study. This topic has been investigated in recent studies

with inconsistent results. Contrary to the prognostic mark-

ers, predictive markers shall support in decision making of

certain therapies as they appreciate the potential to respond

to a therapy [52–54]. Various studies have explored the

predictive value of Ki-67-labeling index of which some of

them reported an association between high-pretreatment

Ki-67-labeling index and better responses to chemotherapy

in the neoadjuvant setting [11, 55–58] whereas other studies

found no such association [47, 57, 59–61].

In conclusion, for the first time, a large cohort of a

clinical cancer registry was analyzed assuring the data of

clinical routine conditions. The current study demonstrated

that Ki-67 is widely applied in routine clinical work. Ki-67

was associated with common histopathological parameters,

but was shown to be an independent prognostic parameter

for DFS and OS in breast cancer patients. These findings

underline the importance of Ki-67 as a prognostic param-

eter. Therefore, future work in this field is called for; it

should focus on the standardization of Ki-67 assessment in

routine clinical settings and on the role of Ki-67 in treat-

ment decisions.

Fig. 3 Kaplan–Meier plot of disease-free survival in years based on

Ki-67 categories

Fig. 4 Kaplan–Meier plot of overall survival in years based on Ki-67

categories
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Table 4 Association of Ki-67 with clinical and histopathological parameters in multivariable analysis (n = 3,174 due to occasional missing

values)

Characteristic Disease-free survival Overall survival

HR 95 % CI P B HR 95 % CI P B

Age 1.05 1.04–1.07 0.001 1.07 1.06–1.09 0.001

Ki-67-categories (%) (n = 3,174)

B15 1 1

16–25 1.00 0.72–1.39 1.00 1.14 0.78–1.66 0.49

26–35 1.44 0.97–2.12 0.07 1.71 1.10–2.65 0.017

36–45 1.50 0.91–2.48 0.11 2.05 1.18–3.55 0.011

[45 1.96 1.31–2.91 0.001 2.06 1.30–3.28 0.002

Menopausal status

Premenopausal 1 1

Postmenopausal 0.62 0.39–0.98 0.041 0.62 0.35–1.10 0.11

Tumor size

pT1 1 1

pT2 1.52 1.14–2.02 0.003 1.52 1.09–2.12 0.017

pT3 1.97 1.21–3.19 0.008 2.03 1.16–3.56 0.013

pT4 2.04 1.29–3.21 0.003 2.24 1.36–3.70 0.002

Nodal status

N0 1 1

N1 1.38 1.03–1.87 0.034 1.31 0.93–1.86 0.12

N2 1.88 1.29–2.74 0.001 1.97 1.28–3.04 0.002

N3 2.12 1.44–3.14 0.001 2.28 1.46–3.57 0.001

Histology

Ductal 1 1

Lobular 1.22 0.86–1.73 0.26 1.23 0.82–1.84 0.32

Other 0.94 0.52–1.70 0.83 1.05 0.56–1.97 0.89

Grading

G1 1 1

G2 1.88 1.14–3.09 0.013 1.62 0.95–2.80 0.08

G3 1.96 1.12–3.41 0.018 1.46 0.79–2.67 0.23

Lymphatic invasion

L0 1 1

L1 1.20 0.91–1.59 0.20 1.04 0.75–1.43 0.82

Vascular invasion

V0 1 1

V1 1.44 1.04–2.01 0.030 1.28 0.87–1.89 0.21

Estrogen receptor

Positive 1 1

Negative 1.41 0.97–2.06 0.073 1.85 1.19–2.89 0.007

Progesterone receptor

Positive 1 1

Negative 1.39 0.99–1.95 0.056 1.29 0.87–1.93 0.21

HER2/neu

Negative 1 1

Positive 0.86 0.65–1.14 0.28 0.70 0.80–0.98 0.036
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