
Abstract. Background/Aim: The Ki-67 index is chiefly
important for distinguishing between luminal A and luminal B
human epidermal growth factor receptor 2 (HER2neu)-
negative breast cancer subtypes. However, its ability to predict
response to chemotherapy is uncertain. Patients and Methods:
Patients treated for primary breast cancer at the University
Hospital of Cologne were identified. Immunohistochemistry
for Ki-67 detection was performed according to standard
protocols. Kaplan–Meier survival curves were calculated and
compared using the log-rank test. Results: Patients with low
Ki-67 index had a significantly better disease-free-survival
(DFS) than patients with high Ki-67 index (hazard ratio=2.85;
95% confidence interval=1.45-5.59; p=0.002). A significant
influence on DFS was demonstrated (hazard ratio(HR)=1.02;
confidence interval(CI)=1.00-1.04; p=0.048) within the
subgroup of hormone receptor-positive and HER2neu-negative
patients, but not within the subgroup of those with luminal
B/HER2neu-negative tumors (DFS: p=0.801; overall-survival:
p=0.379). Conclusion: The Ki-67 index has a prognostic
impact on DFS in patients with hormone receptor-positive and
HER2neu-negative tumors. The strict cut-off value was not
suitable for distinguishing between high- and low-risk patients
and their response to adjuvant chemotherapy.

The Ki-67 index is a well-known proliferation marker that
was first detected in 1983 by a German study group (1). This
nuclear antigen is expressed in the G1, S, G2 and M cell-
cycle phases. During these phases the level of expression
varies: levels are low in G1 and early S phase and increase

to a maximum at the time of mitosis (2-5). A rapid decrease
in Ki-67 expression occurs in anaphase and telophase (4, 5).
In order to identify cells expressing the Ki-67 protein,
immunohistochemistry is usually performed using a mouse
monoclonal antibody. The MIB-1 antibody has been
validated most frequently (4, 6, 7).
The Ki-67 index is considered to be important for

distinguishing between luminal A and luminal B/ human
epidermal growth factor receptor 2 (HER2neu) negative
breast cancer subtypes (8, 9). However, its ability to predict
response to chemotherapy is controversial (4, 10), even
though several studies confirmed the prognostic impact of
Ki-67 index in breast cancer (8, 11-18). 
Hence, the use of Ki-67 index in clinical routine has

been discussed controversially. Polley et al. examined the
reproducibility of Ki-67 index within different
laboratories. This study group stated a high reproducibility
within those laboratories, but a moderate high
reproducibility between laboratories of different
institutions (19). Due to this variability and low validity
of Ki-67 index measurement, the authors concluded that
cut-off values for the Ki-67 index should not be used
without any standardization of measurement. Another
study also reported a high inter- and intra-observer
variability of Ki-67 indices between 10-20% (20). The
German Working Group for Gynecologic Oncology of
2014 emphasized that the Ki-67 index is not able to
distinguish between low- and high-risk groups within the
luminal subgroup. Nevertheless, the Working Group for
Gynecologic Oncology accepted there being a prognostic
impact of Ki-67 index in breast cancer and considers the
Ki-67 index as a good predictor of response to neoadjuvant
therapy (21). The predictive impact of the Ki-67 index in
endocrine therapy is unclear. The American Society of
Clinical Oncology discourages the use of the Ki-67 index
as a prognostic factor (6). The prognostic and predictive
impact of the Ki-67 index seems to be unclear. 
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We aimed to analyze the disease-free (DFS) and overall
(OS) survival of patients with breast cancer in tertiary single-
center institution regarding low, intermediate and high Ki-67
indices. In addition, we aimed to analyze whether a cut-off
value of 14% for the Ki-67 index is able to distinguish
between high- and low-risk breast cancer and predicts the
outcome of intrinsic subgroups in our single-center cohort.
Within the subgroup of hormone-receptor-positive and
HER2neu-negative (HR+/HER2neu−) breast cancer the strict
cut-off of 14% was evaluated to distinguish between luminal
A and luminal B/HER2neu− tumors. In particular, the
comparison of outcome between those who received
chemotherapy and those who did not was of clinical interest. 

Patients and Methods

Patients. A total of 3022 patients with breast cancer that were
treated at the Breast Center of the University of Cologne,
Department of Obstetrics and Gynecology, between 2004 and 2013
were identified retrospectively from our tumor documentation
program ODSeasy (Asthenis GmbH, Munich, Germany). We
documented age at diagnosis, date of diagnosis, menopausal status,
tumor stage, grade, hormone and HER2neu receptor status, Ki-67
index of the core biopsy, any kind of therapy, and follow-up data.
Data that were not available through ODSeasy were abstracted from
the patients’ charts. Those patients with primary metastatic disease,
ductal carcinoma in situ or lobular carcinoma in situ, bilateral breast
cancer, male gender, or patients with missing tumor grade, hormone
receptor status or follow-up data were excluded from analysis. 

Immunohistochemistry. Immunohistochemistry for Ki-67 detection
was performed at the Institute of Pathology of the University
Hospital of Cologne. Formalin-fixed and paraffin-embedded tumor
tissue was used, which underwent standard protocol: initial treatment
of specimens in citrate buffer (pH 6.0) for 10-12 min followed by
20 min cooling. The actual staining was performed by a Bond III
automated immunstainer (Leica Biosystems, Nussloch, Germany).
Quantitative evaluation was performed by an experienced
gynecologic pathologist.

Statistical analysis. Patient characteristics are described using count
(percentage), mean±standard deviation (SD) or median [interquartile
range (IQR)], as appropriate. 
In the first part of the analysis, the breast cancer cases were

divided into three subgroups according to Ki-67 index as low
(<10%), intermediate (10%-20%) and high (>20%), whereas in the
second part of the analysis, all cases were divided into four intrinsic
subgroups of luminal A tumors, luminal B tumors, HER2neu+/non-
luminal tumors and basal-like tumors. A strict cut-off Ki67 index of
14% was chosen for distinguishing between luminal A luminal B
tumors.
Possible associations of absolute Ki-67 index with grading, T-

stage and N-stage were evaluated with Spearman correlation and
coefficients of correlation (r) and p-values are reported. Fisher’s
exact test was used in the luminal B/HER2neu− subgroup to test for
associations between chemotherapy and T-stage and nodal status.
For this, odds ratio (OR), corresponding 95% confidence interval
(CI) and p-values are presented.

Kaplan–Meier estimates for DFS and OS were calculated and
compared by log-rank test. Local recurrence, recurrence in axillary
lymph nodes, distant metastasis and death were considered as events
for DFS. OS was defined as time between diagnosis and death.
Patients without an event or who were lost to follow-up were
censored.
Proportional hazards assumption were checked and multiple Cox

regression models adjusted for T-stage (T1/T2 vs. T3/T4), N-stage
(N0 vs. N+, HER2neu status and received adjuvant therapy
(endocrine therapy, radiation and chemotherapy) were computed.
Resulting hazard ratios (HR), corresponding 95% CIs and p-values
(Wald test) are presented.
All reported p-values are two-sided and considered statistically

significant if 0.05 or less. Statistical analysis was performed with
SPSS Statistics 23 (IBM Corp., Armonk, NY, USA).

Results
A total of 802 patients were included in this analysis, with a
median follow-up of 39 months (range=3-121 months). Most
patients were postmenopausal (64.5%) and the most frequent
T-stage was T1 (64%). Overall, 70.8% of the cohort was
negative for lymph node metastases. An overview of basic
histopathological data is presented in Table I. The mean age
of patients was 57.5±11.9 years; 54.1% of the cohort
received chemotherapy; 59.7% underwent a breast-
conserving therapy, whereas 23.6% underwent mastectomy;
67.2% received an endocrine therapy and 78.2% underwent
radiation therapy. Table I also shows an overview of the
distribution of received adjuvant therapy.
During follow-up time, 16 patients died, 31 patients

experienced local and nine patients axillary recurrence, and
45 patients developed distant metastases. 

Ki-67 index and correlations. The median Ki-67 index was
10% (IQR=5%-20%) and the mean Ki-67 index was
14.7%±14.2%. A total of 333 patients had a low Ki-67 index
(<10%), 326 patients had an intermediate Ki-67 index (10-
20%), whereas 143 patients had a high Ki-67 index (>20%)
(Table I). 
Ki-67 index correlated significantly with grading

(r=0.420; p<0.001). Significant positive correlation was also
found between Ki-67 index and T-stage (r=0.139; p<0.001)
and between Ki-67 index and nodal status (r=0.119;
p=0.001). 

Subgroup analysis according to low, intermediate and high
Ki-67 index. The mean DFS was 98 months (95% CI=86-110
months) in patients with a low Ki-67 index, 81 months (95%
CI=75-87 months) in patients with intermediate Ki-67 index
and in patients with high Ki-67 index it was 68 months (95%
CI=60-76 months). In log-rank analysis for DFS, patients
with low and intermediate Ki-67 indices had superior DFS
to that of patients with high Ki-67 index (low vs. high,
p<0.001; intermediate vs. high, p=0.001) (Figure 1A).
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OS was best in patients with a low Ki-67 index compared
to patients with intermediate (p=0.006) and high (p<0.001)
indices (Figure 1B). 
Multiple Cox regression analyses showed a significant

association of Ki-67 index with DFS (HR=1.02; 95%
CI=1.01-1.04; p<0.001). Cox regression analysis showed
that patients with a low Ki-67 index had a significantly better
DFS than patients with a high Ki-67 index (HR=2.85; 95%
CI=1.45-5.59; p=0.002). 

Subgroup analysis of HR+/HER2neu− patients. A total of 667
patients were included in the HR+/HER2neu− subgroup. Within
this subgroup, patients with low Ki-67 index had the best mean

DFS (99 months, 95% CI=86-112 months) compared to
patients with an intermediate Ki-67 index (82 months, 95%
CI=75-88 months) and high Ki-67 index (64 months, 95%
CI=58-70 months) Figure 1C. Multiple Cox regression analysis
showed a significant association between Ki-67 index and DFS
(HR=1.02; 95% CI=1.00-1.04; p=0.048). However, patients
with a low Ki-67 index showed a trend only concerning DFS
compared to patients with a high Ki-67 index (HR=2.15; 95%
CI=0.92-4.99; p=0.075). The Kaplan–Meier curve of OS for
this group is shown in Figure 1D. 

Subgroup analysis according to strict cut-off value of 14%.
Considering a strict cut-off value for the Ki-67 index of 14%,
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Table I. Patient characteristics.

                                                           Total                                    Ki-67 index                                                               Cancer subtype

                                                         (n=802)           <10%                10-20%            >20%           Luminal A           Luminal B     HER2neu+/   Basal-like
                                                                               (n=333)              (n=326)          (n=143)           (n=463)                (n=253)       non-luminal      (n=60)
                                                                                                                                                                                                               (n=26)

Age, years                                    57.52±11.88  58.14±11.02        57.4±11.77    56.34±13.89    58.38±11.06            57±12.6      56.12±12.45 53.6±13.82
T-Stage, n (%)                                                                                                                                                                                                              
    T1                                             513 (64.0)      236 (70.9)         208 (63.8)        69 (48.3)         306 (66.1)          149 (58.9)       16 (61.5)      42 (70.0)
    T2                                             257 (32.0)        87 (26.1)          111 (34.0)        59 (41.3)         143 (30.9)            89 (35.2)       10 (38.5)      15 (25.0)
    T3                                               28 (3.5)          10 (3.0)                6 (1.8)          12 (8.4)              14 (3.0)              11 (4.3)           0 (0)             3 (5.0)
    T4                                                 4 (0.5)            0 (0)                   1 (0.3)            3 (2.1)                0 (0)                   4 (1.6)           0 (0)             0 (0)
N-Stage, n (%)                                                                                                                                                                                                             
    N0                                            568 (70.8)      259 (77.8)         224 (68.7)        85 (59.4)         345 (74.5)          169 (66.8)       14 (53.8)      40 (66.7)
    N1                                            164 (20.4)        50 (15.0)            77 (23.6)        37 (25.9)           90 (19.4)            57 (22.5)         6 (23.1)      11 (18.3)
    N2                                              32 (4.0)            7 (2.1)              13 (4.0)          12 (8.4)              11 (2.4)              15 (5.9)           4 (15.4)        2 (3.3)
    N3                                              17 (2.1)            7 (2.1)                6 (1.8)            4 (2.8)                7 (1.5)                7 (2.8)           2 (7.7)          1 (1.7)
    NX                                              21 (2.6)          10 (3.0)                6 (1.8)            5 (3.5)              10 (2.2)                5 (2.0)           0 (0)             6 (10.0)
M-Stage, n (%)                                                                                                                                                                                        
    M0                                            510 (63.6)      204 (61.3)         206 (63.2)      100 (69.9)         286 (61.8)          168 (66.4)       14 (53.8)      42 (70.0)
    MX                                           292 (36.4)      129 (38.7)         120 (36.8)        43 (30.1)         177 (38.2)            85 (33.6)       12 (46.2)      18 (30.0)
Grading, n (%)                                                                                                                                                                                                             
    G1                                              93 (11.6)        63 (18.9)            26 (8.0)            4 (2.8)              79 (17.1)            12 (4.7)           1 (3.8)          1 (1.7)
    G2                                            579 (72.2)      256 (76.9)         255 (78.2)        68 (47.6)         362 (78.2)          185 (73.1)       13 (50.0)      19 (31.7)
    G3                                            130 (16.2)        14 (4.2)              45 (13.8)        71 (49.7)           22 (4.8)              56 (22.1)       12 (46.2)      40 (66.7)
Menopausal status , n (%)                                                                                                                                                                                           
    Premenopausal                         246 (30.7)        93 (27.9)         103 (31.6)        50 (35.0)         134 (28.9)            82 (32.4)         9 (34.6)      21 (35.0)
    Postmenopausal                       517 (64.5)      222 (66.7)         209 (64.1)        86 (60.1)         305 (65.9)          161 (63.6)       16 (61.5)      35 (58.3)
    Perimenpausal                           39 (4.9)          18 (5.4)              14 (4.3)            7 (4.9)              24 (5.2)              10 (4.0)           1 (3.8)          4 (6.7)
Event, n (%)                                                                                                                                                                                                                 
    Local recurrence                        31 (3.9)            6 (1.8)              10 (3.1)          15 (10.5)              7 (1.5)              10 (4.0)           7 (26.9)        7 (11.7)
    Axillary recurrence                     9 (1.1)            2 (0.6)                2 (0.6)            5 (3.5)                3 (0.6)                0 (0)              0 (0)             6 (10.0)
    Distant metastasis                      45 (5.6)          13 (3.9)              18 (5.5)          14 (9.8)              22 (4.8)              16 (6.3)           2 (7.7)          5 (8.3)
    Death                                          16 (2.0)            1 (0.3)                8 (2.5)            7 (4.9)                3 (0.6)              10 (4.0)           1 (3.8)          2 (3.3)
Therapy, n (%)                                                                                                                                                                                                             
    Chemotherapy                         434 (54.1)      140 (42.0)         178 (54.6)      116 (81.1)         197 (42.5)          165 (65.2)       20 (76.9)      52 (86.7)
    Breast-conserving surgery      479 (59.7)      225 (67.6)         184 (56.4)        70 (49.0)         297 (64.1)          135 (53.4)       14 (53.8)      33 (55.0)
    Mastectomy                             189 (23.6)        63 (18.9)            75 (23.0)        51 (35.7)           94 (20.3)            66 (26.1)       10 (38.5)      19 (31.7)
    Endocrine                                539 (67.2)      246 (73.9)         231 (70.9)        62 (43.4)         354 (76.5)          184 (72.7)         1 (3.8)          0 (0)
    Radiation                                  627 (78.2)      265 (79.6)         252 (77.3)      110 (76.9)         364 (78.6)          199 (78.7)       21 (80.8)      43 (71.7)



the study cohort is subdivided into four groups. Patients with
luminal A tumors had the best mean DFS of 98 months (95%
CI=87-199 months) compared to those with HER2neu+/non-
luminal tumors (62.8 months, (95% CI=47-79 months).
DFS and OS are presented graphically in Figure 2A and

B. Cox regression analysis showed a significantly better DFS
in patients with luminal A tumors compared to those with
luminal B tumors (HR=1.76; 95% CI=1.00-3.08; p=0.048). 

Luminal A versus luminal B/HER2neu−. Log-rank analysis
of Kaplan–Meier curves showed that patients with luminal

A tumors had a significantly better DFS (p=0.037) and OS
(p<0.001) compared to those with luminal B/HER2neu−
tumors (Figure 2C and D). The Cox regression analysis
showed a trend concerning decreased DFS of patients with
luminal B/HER2neu− tumors (HR=1.57; 95% CI=0.86-2.86;
p=0.142). 

Luminal B/HER2neu− with and without chemotherapy.
Within the subgroup of those with luminal B/HER2neu−
(n=204), 125 patients received chemotherapy and 79 patients
did not. DFS (p=0.801) and OS (p=0.379) were not
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Figure 1. Kaplan–Meier curve of disease-free (DFS) and overall (OS) survival of the overall cohort (A and B, respectively)  and of patients with hormone
receptor positive/ human epidermal growth factor receptor 2 negative (HR+/HER2neu−) disease (C and D, respectively)  based on Ki-67 index subgroups.
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Figure 2. Kaplan–Meier curve of disease-free (DFS) and overall (OS) survival of the overall cohort according to the four intrinsic subtypes (A and
B, respectively), of patients with HR+/HER2neu− disease (C and D, respectively) and according to chemotherapy in patients with luminal
B/HER2neu− disease (E and F, respectively).



statistically different between these two groups (Figure 2E
and F). There was no difference in application of
chemotherapy concerning T-stage (p=0.543) and nodal status
(p=0.35). 

Discussion

The aim of this study was to evaluate the distribution of Ki-
67 index in our cohort and to correlate the outcome regarding
high, intermediate and low Ki-67 values. Moreover, within
the subgroup of patients with HR+/HER2neu− breast cancer,
we used a strict cut-off of 14% to evaluate distinction
between those with luminal A tumors and those with luminal
B/HER2neu− tumors. The application of chemotherapy and
its potential benefit in patients with luminal B/HER2neu−
tumors was of particular clinical interest. To our knowledge,
this is the largest German retrospective single-center study
analyzing the prognostic and predictive significance of the
Ki-67 index in patients with breast cancer.

Ki-67 index and correlations. We were able to demonstrate
a significant positive correlation between Ki-67 index and
grading. This is in accordance with results of other studies
(22, 23). In addition, we also demonstrated a significant
positive correlation of Ki-67 index with both T-stage and
nodal status. The latter should be considered critically due
to the high proportion of nodal-negative patients in our
cohort. However, Inwald et al. did not demonstrate any
correlation between Ki-67 index and T-stage, but also did
show a correlation between absolute Ki-67 index and nodal
status (22). 

Prognostic impact of the Ki-67 index in this study cohort.
One of the aims of our study was to examine the outcome of
patients with low and high Ki-67 index and determine to
what extent the Ki-67 index is a good prognostic parameter.
We analyzed the Kaplan–Meier curves for DFS and OS.
Multiple Cox regression analysis showed a significant effect
of absolute Ki-67 index on DFS. In both univariate analysis
(p<0.001) and multiple Cox regression analysis, patients
with a Ki-67 index >20% had a significantly decreased DFS
compared to patients with a low Ki-67 index (i.e. <10%). In
univariate analysis, patients with a low Ki-67 index had
improved OS compared to patients with an intermediate
(p=0.006) or high index (p<0.001). These results show the
prognostic impact of the Ki-67 index concerning DFS and
its limited prognostic impact on OS. The absolute Ki-67
index can be considered an independent prognostic factor.
Our results are in line with several authors (24, 25). 
Azumbuja et al. showed in a meta-analysis that a higher

Ki-67 index is associated with a significantly higher risk for
recurrent disease and a decrease in OS in univariate analysis
(24). Another meta-analysis, of Stuart-Harris et al. confirmed

that the Ki-67 index is an independent prognostic parameter
concerning DFS and OS (25).

Prognostic impact of Ki-67 index in patients with
HR+/HER2neu− breast cancer. We analyzed 667 patients
with HR+/HER2neu− status. A multiple regression analysis
showed there to be a significant effect of Ki-67 index on
DFS. When comparing patients with low and high Ki-67
indices only a trend was confirmed in multiple repression
analysis.
In the log-rank test, OS was significantly increased in

patients with a low compared to those with an intermediate
Ki-67 index (p=0.011) or high Ki-67 index (p<0.001). A
study by Cheang et al. had similar results showing the
prognostic impact of the Ki-67 index in patients with a
HR+/HER2neu− tumor (26). 
Viale et al. also demonstrated a significant prognostic

impact of Ki-67 index in HR+ patients (27), although no
predictive impact was shown. In their study, a Ki-67 index
>19% was considered a high value. 
The results of our multiple regression analysis concerning

patients with HR+/HER2neu− status are in contrast with
those of Niikura et al. (8). The study group of Niikura
analyzed 1331 patients with non-metastatic breast cancer (8).
They built subgroups of patients with a low (<10%),
intermediate (10-20%) and high (>20%) Ki-67 index and
demonstrated in multivariable analysis that patients with a
low index had an improved DFS compared to those with a
high Ki-67 index in the group of HR+/HER2neu− patients
(8). Our results showed only a trend for this association
(p=0.075). One reason for these different results might be
the higher number of cases included (n=971) by Niikura et
al. compared to our subgroup analysis (n=667).

Subgroup analysis according to strict cut-off value of 14%.
Patients with luminal B tumors had a poorer DFS in multiple
regression analysis compared to those with luminal A tumors.
When comparing luminal A tumors with luminal B/HER2neu−
tumors, a trend for improved DFS was noticed in multivariable
analysis. The results were not statistically significant however.
Hugh et al. reported similar results. They retrospectively

analyzed 1350 patients and used the same cut-off value of
14% for Ki-67 index in order to distinguish between luminal
A and B tumors (28). Three-year DFS was improved in
patients with luminal A tumors compared to those with
luminal B tumors. They also noticed that those with luminal
tumors had an improved DFS compared to those with triple-
negative tumors and HER2-enriched tumors (28). Voduc et
al. showed that patients with luminal A tumors (cut-off for
Ki-67 index: 14%) had the best prognosis and lowest
recurrence rate (29). Park et al. also showed a good
prognostic impact of Ki-67 index in those with luminal A
tumors and poor outcome in all other subgroups (30). 
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Another study group analyzed 1691 patients with early
node-negative breast cancer. They did not find any
significant differences in outcome between patients with
luminal A and those with B tumors (31). Those with luminal
A tumors had an improved DFS compared to those with
luminal B/HER2neu+ and HER2-enriched and basal-like
tumors (31). Differences in results compared to our results
could be due to the low risk of the study cohort analyzed by
Cancello et al. (31). 
Our results concerning the analysis of luminal A and

luminal B/HER2neu− tumors are in contrast with the results
of Cheang et al. (26). Their study group showed that patients
with luminal B/HER2neu− tumors had significantly poorer
DFS and OS compared to those with luminal A tumors,
regardless of whether they received adjuvant therapy (26).
Cheang et al. performed a subgroup analysis with the
subgroup of patients with luminal B/HER2neu− tumors due
to the different adjuvant therapies given (26). Our subgroup
of luminal B/HER2neu− was not subdivided into other groups
and showed a heterogeneity concerning receipt of adjuvant
therapies. Our results did not reveal any significant difference
in DFS of patients with luminal B/HER2neu− treated with and
without chemotherapy in univariate analysis. 

Limitations and strengths. The retrospective character has to
be considered as a limitation of the study. The common
criticism about the variability of Ki-67 index between
different pathologic institutes can be excluded in our study.
Each Ki-67 index included in this study was assessed at the
same institute. However, interobserver variability cannot be
excluded. 

Conclusion

Our results show that the Ki-67 index has a prognostic
impact on DFS in patients with luminal/HER2neu− tumors.
The strict cut-off value for Ki-67 index was not suitable for
distinguishing between a high- and low-risk collective in
order to predict a response to adjuvant chemotherapy. 
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