
Purpose: The aim of this study was to evaluate the impor-
tance of Ki-67 in Human Epidermal Growth Factor Recep-
tor 2 (Her-2) positive breast cancer patients.

Methods: We reviewed the records of patients diagnosed with 
Her-2-positive non-metastatic breast cancer between 2005 
and 2011. Paraffin-embedded tissue samples were stained with 
MIB-1 mouse monoclonal antibody to find Ki-67 levels. Pa-
tients were grouped as low Ki-67 <20% and high Ki-67 ≥20%. 
Demographic and clinical features were compared. 

Results: One hundred and six patients were included in 
the study. Median follow up time was 41 months (range 
15-100). Median age was 49.5 years (range 29-79). Twen-
ty-nine patients (27.4%) were in the Ki-67 low group. Demo-
graphic features were similar in both groups. Lymphovas-
cular invasion was more frequent in the Ki-67 high group, 
and hormone receptor (HR) positivity was more frequent 
in the Ki-67 low group (p=0.03, p=0.03, respectively). Re-

currence rate was not significantly different in both groups 
(p=0.36). T stage (p=0.02), stage (p<0.01), lymphovascu-
lar invasion (p=0.02), ER status (p=0.02), and HR status 
(p<0.01) were related with recurrence. In multivariate anal-
ysis, stage and HR negativity were independent factors for 
recurrence (p<0.01, p=0.01, respectively). Recurrence sites 
were also similar in both groups. Survival rates at the third 
year for Ki-67 low group and Ki-67 high group were 94% 
and 92%, respectively.

Conclusion: Her-2 positive patients with low Ki-67 and 
high Ki-67 had similar demographic and pathologic fea-
tures except lymphovascular invasion and HR status. HR 
status was an important factor for disease course. Clinical 
course was determined by HR status rather than Ki-67.
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Breast cancer is the most common can-
cer and the most common cause of death due 
to cancer among females [1]. As a result, it is 
one of the cancers most studied. Depending 
on the advances in molecular biology, knowl-
edge about breast cancer and its management 
have changed with time. Identification of Her-2 
gene amplification or protein overexpression in 
breast cancer cells and the discovery of drugs 

that block this receptor have changed clinical 
practice. Her-2 positivity is related with the ab-
sence of steroid receptors, higher tumor grade, 
aneuploidy and high proliferation rate. There-
fore, the prognosis of patients with Her-2 posi-
tive breast cancer is generally poor [2]. 

Gerdes et al. [3] defined a non-histone nucle-
ar protein that increases in mitosis, named Ki-
67. Studies suggest that Ki-67 plays its role in 
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the early phases of RNA synthesis; however, the 
exact role of Ki-67 is not clear yet [4]. Ki-67 lev-
el increases during G1, S, G2 and mitosis phas-
es, after division declines [5]. Ki-67 is closely 
related with proliferation, also called as “pro-
liferation index”. Proliferation index or Ki-67 is 
expressed as the percentage of MIB1 (a Ki-67 
antibody) stained cells. In other words, it is the 
ratio of proliferating malignant cells. Therefore, 
it reflects the proliferative capacity of the tumor 
and is a prognostic factor for breast cancer [6]. 

Despite similar histopathologic findings, 
different molecular subtypes of breast cancer 
that have different prognosis and clinical prop-
erties have been defined by genetic array testing 
[7,8]. We know that luminal B breast cancer that 
has high proliferation index (Ki-67 ≥ 14%) has 
poorer prognosis than its counterpart Luminal 
A type that has low proliferation index (Ki-67 
<14) [9]. The prognostic significance of Ki-67 in 
breast cancer is clearly defined in luminal sub-
types. Her-2 positive tumors have higher Ki-67 
levels than negative tumors [10]. 

The purpose of this study was to define the 
demographic, pathologic, and clinical proper-
ties of Her-2 positive breast cancer in relation 
with Ki-67 and define the importance of Ki-67 in 
Her-2 positive patients.

 
Methods

We retrospectively reviewed the records of pa-
tients diagnosed with Her-2 positive breast cancer 
between 2005 and 2011 at Trakya University, Med-
ical Oncology Department. This study was approved 
by the Institutional Review Board. Her-2 positivity 
was defined as 3+ staining with immunohistochemis-
try (IHC) or presence of Her-2/neu amplification on in 
situ hybridization in case of 2+ staining. We collected 
paraffin-embedded tissue blocks of patients from the 
archive of our pathology department. Samples were 
stained with MIB1 mouse monoclonal antibody. The 
immunohistochemical staining was evaluated by an 
experienced pathologist. To find out Ki-67 levels a 
total of 2000 cancer cells were counted, and the pro-
portion of MIB1 stained cancer cells to total number 
as percentage was calculated. Patients were grouped 
as Ki-67 low (<20%) and Ki-67 high (≥20%).

Factors retrieved from patient records included 
demographic factors, i.e. age, age at menarche, age 
at menopause, menopausal status, number of chil-
dren, body-mass index and use of hormone replace-
ment therapy; treatment related factors included 
type of surgery, data about chemotherapy, radiother-
apy, hormonotherapy; recurrence related factors in-
cluded date of recurrence and recurrence sites. The 
histopathological data, including tumor diameter, 

hormone receptor status, lymphovascular invasion, 
axillary lymph node involvement, and tumor grade 
(according to Scharf–Bloom–Richardson grading), 
were obtained from the pathology reports. Staging of 
the tumor was based on the American Joint Commit-
tee on Cancer (7th Edn) [11].

Statistics

Demographic and clinical features of low and 
high Ki-67 groups were compared. Non-parametric 
variables were studied by x2 test. Parametric varia-
bles were compared with independent-sample t-test. 
Multivariate logistic regression analysis was per-
formed to determine the predictive factors related 
with recurrence. A p value <0.05 was considered sta-
tistically significant.

Results

One hundred and sixty-five Her-2 positive 
non-metastatic patients at admission were de-
termined. One hundred and six patients whom 
paraffin embedded tissue samples were present 
in the pathology archive were included in this 
study. Median follow up time was 41 months 
(range 15-100). Twenty-nine patients (27.4%) 
were in the Ki-67 low group, and 77 (72.6%) in 
the Ki-67 high group. 

Median age was 49.5 years (range 29-79). 
Median age at menarche was 13 years (range 
11–17). Forty nine (46.2%) of the patients were 
premenopausal. Only 7 patients were using hor-
mone replacement therapy at the time of breast 
cancer diagnosis. The mean body mass index of 
the patients was 28.7±5.1 kg/m2. Demographic 
characteristics of patients in both groups did 
not differ (Table 1).

The median Ki-67 was 30% (range 5-90) in 
the whole patient population. The median tu-
mor diameter was 3 cm (range 0.5–10). The me-
dian number of dissected lymph nodes was 13 
(range 1–46) and the median number of involved 
lymph nodes was 1 (range 0–31). Lymphovascu-
lar invasion was present in 49 (63.4%) of the 
patients; lymphovascular invasion was signifi-
cantly more frequent in the Ki-67 high group 
(p=0.03). Seventy-one patients (66.9%) were HR 
positive. Hormone receptor and ER positivity 
were more frequent in patients with low Ki-67 
(p=0.03, p=0.04, respectively). Other pathologic 
characteristics of the tumors were not signifi-
cantly different (Table 2). 

All patients except one with inflammatory 
breast cancer were subjected to surgery. Breast 
conserving surgery was performed to 31 pa-
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tients, and 10 of these were in the Ki-67 low 
group. Twenty patients received neoadjuvant 
chemotherapy with anthracycline-containing 
regimen (16 patients were in the Ki-67 high 
group). Four complete and 14 partial responses 
were obtained and 2 patients did not respond to 
neoadjuvant therapy. Three patients who had a 
tumor less than 1 cm did not receive neoadjuvant 
or adjuvant chemotherapy. All patients with HR 
positive disease received hormone therapy. Ad-
juvant trastuzumab was administered to 67.2% 
of the patients (16 patients 9 weeks, 51 patients 
1 year); 3 patients with less than 1 cm tumor 
diameter and others who had been admitted be-
fore the approval of trastuzumab in Turkey did 
not receive trastuzumab. 

Distant recurrence developed in 23 patients 
(21.6%). Eight of these patients (34.8%) were in 
the Ki-67 low group. Recurrence rate was not sig-
nificantly different in both groups. Recurrence 
was related with T stage (p=0.02), disease stage 
(p<0.01), lymphovascular invasion (p=0.02), ER 
status (p=0.02) and HR status (p<0.01). There 
was a trend for higher recurrence in patients 
who did not receive trastuzumab (p=0.08) and 
in patients with axillary lymph node involve-
ment (p=0.06). Risk factors related to recurrence 
are presented in Table 3. We did not find any 
relation between recurrence and other known 
poor prognostic factors. In multivariate analy-
sis, hormone receptor negativity (p=0.01) and 
stage (p<0.01) were independent prognostic fac-
tors related with recurrence. The most common 

recurrence site was bone (9 patients, 32.2%). 
Bone metastasis was more frequent in the Ki-
67 low group; however, it was not statistically 
significant (p=0.09). There was not a significant 
relation between the Ki-67 level and metastasis 
site (Table 4). Although without statistical sig-
nificance, all 3 patients with brain metastasis 
were in the Ki-67 high group. We were not able 
to analyze the influence of treatment related 
factors due to the lack of the number of patients 
in the Ki-67 low group and the heterogeneity of 
treatments. 

Median disease free survival and overall 
survival were not reached. During the follow up 
period, 12 patients (11.3%) died of breast can-
cer. Death rate was 10.3% (3 patients) in the Ki-
67 low group and 11.6% (9 patients) in the Ki-67 
high group. Survival rates at the third year for 
the Ki-67 low group and the Ki-67 high group 
were 94% and 92%, respectively.

Discussion

Nearly 15-25% of breast cancers are Her-
2 positive. Her-2 positivity is a negative prog-
nostic factor. However, Her-2 positive subtype 
includes a subgroup with good prognosis that 
can be defined by 70-genes’ prognosis signature 
[12]. However, this method is highly expensive 
for routine daily use. Hormone receptor posi-
tive breast cancers with low proliferation index 
have a better prognosis than those with high 
proliferation index. As the proliferative rate that 

Table 1. Comparison of demographic characteristics of patients according to Ki-67 

Characteristics Ki67<20 Ki67≥20 p value

Age, years, median (range) N: 29
50 (34-68)

N: 77
49 (29-79) 0.90

Menarche age, year, median (range) N: 26
13 (11-17)

N: 67
13 (11-17) 0.76

Number of births, year, median (range) N: 26
2 (0-8)

N: 71
2 (0-8) 0.91

Menopause age, year, median (range) N: 12
50 (42-52)

N: 34
50 (37-56) 0.56

Menopausal status
Pre (%)
Post (%)

N: 49
12 (24.5)
37 (75.5)

N: 57
17 (29.8)
40 (70.2)

0.66

Body mass index (kg/m2)
Mean ± SD

N: 21
28.1 ± 6.8

N: 59
28.9 ± 4.3 0.53

Hormone replacement therapy N: 24 N: 71

Present
Absent

3
21

4
67 0.36

N: number of evaluable patients, SD: standard deviation
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is determined by Ki-67 increases, tumor gets 
negative prognostic features including higher 
grade, larger tumor size, advanced stage, lym-
phatic and vascular invasion, hormone receptor 
negativity and Her-2 positivity [10]. We have 
proposed that, as in Luminal type breast cancer, 

Ki-67 may differentiate Her-2 positive tumors 
with good and poor prognosis. However, there is 
no agreement on cutoff value for Ki-67 in Her-2 
positive breast cancer that will define good and 
poor prognosis groups. 

Patients in both groups had similar demo-

Table 2. Comparison of tumor pathological characteristics according to Ki-67 

Characteristics
Ki67<20

N (%)

Ki67≥20

N (%)
p value

Median tumor size, cm

(range)

N: 28

3 (0.5-9.5)

N: 76

3 (0.7-10.0)
0.64

Median number of involved lymph node

(range)

N: 28

1 (0-19)

N: 76

1 (80-31)
0.73

T stage

T1

T2

T3

T4

N: 29

9 (31.0)

12 (41.4)

6 (20.7)

2 (6.9)

N: 77 

17 (22.1)

41 (53.2)

14 (18.2)

5 (6.5)

0.71

N stage

N0 

N1 

N2 

N3

N: 29

9 (31.0)

10 (34.5)

6 (20.7)

4 (13.8)

N: 77

27 (35.1)

23 (29.9)

11 (14.3)

16 (20.8)

0.72

Tumor grade

G1

G2

G3

N: 26

2 (7.7)

17 (65.4)

7 (26.9)

N: 72

1 (1.4)

41 (56.9)

30 (41.7)

0.14

Stage

Stage 1-2

Stage 3

N: 29

14 (25.9)

40 (74.1)

N: 77

15 (28.8)

37 (71.2)

0.73

Lymphovascular invasion

Present

Absent

N: 24

11 (45.8)

13 (54.2)

N: 69

48 (69.6)

21 (30.4)

0.03

Extracapsular involvement

Present

Absent

N: 24

5 (20.8)

19 (79.2)

N: 63

21 (33.3)

42 (66.7)

0.25

Perineural invasion

Present

Absent

N: 12

6 (50.0)

6 (50.0)

N: 40

21 (52.5)

19 (47.5)

0.87

ER

Positive

Negative

N: 29

22 (75.9)

7 (24.1)

N: 77

42 (54.5)

35 (45.5)

0.04

PR

Positive

Negative

N: 29

18 (62.1)

11 (37.9)

N: 77

33 (42.9)

44 (57.1)

0.07

Hormone receptor

Positive

Negative

N: 29

24 (82.8)

5 (17.2)

N: 77

47 (61.0)

30 (39.0)

0.03

N: number of evaluable patients
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graphic features. Tumor characteristics were 
also similar except lymphovascular invasion 
and hormone receptor status. It is known that 
Her-2, ER and PR status are associated with 
lymphovascular invasion [13]. Lymphovascular 
invasion was more frequent in the Ki-67 high 
group. Recurrence was also significantly high 
in the lymphovascular invasion positive tum-
ors. Frequent presence of lymphovascular in-
vasion in Ki-67 high group may be the sign of 
aggressive nature of this tumors. This data may 

indicate that Her-2 positive tumors with lym-
phovascular invasion may metastasize early. In 
a previous study, proliferation index was found 
as an independent predictor of lymph node in-
volvement in invasive breast cancer [14]. How-
ever, in this study investigators did not examine 
Her-2 positivity. In another study, Luminal Her-
2 enriched subtype had a high risk for lymph 
node metastasis, and Luminal A group had the 
lowest risk [15]. Nodal stage was not affected by 
Ki-67 status in our positive breast cancer. Ki-67 

Table 3. Risk factors related to recurrence

Risk factors
Recurrence

N (%)

No recurrence

N (%)
p value

Ki-67

<20%

≥20%

N: 23

8 (34.8)

15 (65.2)

N: 83

21 (25.3)

62 (74.7)

0.36

T stage

T1-T2

T3-T4

N: 23

13 (56.5)

10 (43.5)

N: 83 

66 (79.5)

17 (20.5)

0.02

Lymph node involvement

Present

Absent

N: 23

19 (82.6)

4 (17.4)

N: 83

51 (61.4)

32 (38.6)

0.06

Stage

Stage 1-2

Stage 3

N: 23

4 (17.4)

19 (82.6)

N: 83

50 (60.2)

33 (39.8)

<0.001

Tumor grade

G1-G2

G3

N: 21

12 (57.1)

9 (42.9)

N: 77

49 (63.6)

28 (36.4)

0.58

Lymphovascular invasion

Present

Absent

N: 20

17 (85.0)

3 (15.0)

N: 73

42 (57.5)

31 (42.5)

0.02

Extracapsular involvement

Present

Absent

N: 18

8 (44.4)

10 (55.6)

N: 69

18 (30.8)

51 (69.2)

0.13

Perineural invasion

Present

Absent

N: 15

8 (53.3)

7 (46.7)

N: 37

19 (51.4)

18 (48.6)

0.89

ER

Positive

Negative

N: 23

9 (39.1)

14 (60.9)

N: 83

55 (66.3)

28 (33.7)

0.02

PR

Positive

Negative

N: 23

9 (39.1)

14 (60.9)

N: 83

42 (50.6)

41 (49.4)

0.3

Hormone receptor

Positive

Negative

N: 23

10 (43.5)

13 (56.5)

N: 83

61 (73.5)

22 (26.5)

<0.01

Adjuvant trastuzumab

No 

Yes (9 weeks or 1 year)

N: 23

12 (52.2)

11 (47.8)

N: 83

27 (32.5)

56 (67.5)

0.08

N: number of evaluable patients
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status was not a predictor of lymph node metas-
tasis in the current study. 

While Her-2 positive tumors have high Ki-
67, HR positive breast tumors have low Ki-67 
[10]. In our study 27.4% (28 tumors) of the tu-
mors were in the Ki-67 low group, and ER pos-
itivity and HR positivity were more frequent in 
this group (p=0.04, p=0.03, respectively). Yet, 
61% (47 out of 77) of the tumors were also HR 
positive in the Ki-67 high group, as in Lumi-
nal A breast cancers. HR positivity was relat-
ed with low proliferation in the Her-2 positive 
tumors. Nevertheless, Ki-67 did not affect re-
currence rate and recurrence sites in our study. 
Recurrence was more frequent in HR negative 
patients. In multivariate analysis HR status was 
an independent factor for recurrence (p=0.01). 
Three-year survival and death rates were sim-
ilar. Although Ki-67 was related with lympho-
vascular invasion and HR status, our data indi-
cate that the clinical course of the Her-2 positive 
breast cancers may be determined by HR status 

rather than Ki-67. Her-2 positive Luminal type 
tumors express Luminal type genes including 
GATA3, BCL2 and ESR1 at a higher rate, where-
as Her-2 enriched group expresses tyrosine ki-
nase receptors mostly. These two groups also 
have different protein expression and somatic 
mutation profiles [16]. Probably these dissimi-
lar molecular features are the cause of different 
clinical course. 

There are lots of studies evaluating Ki-67 
in breast cancer; however in these studies data 
about Her-2 positive tumors were obtained 
from subgroup analyses [10,17-19]. To the best 
of our knowledge, the present study is the first 
to evaluate the importance of Ki-67 in only Her-
2 positive patients in the literature in English 
language. The main limitation of our study 
was its retrospective nature. Moreover, median 
survival time was not reached, but follow up is 
still ongoing. All patients with HR positive tu-
mors have been treated with hormone therapy; 
however some of the patients did not receive 
trastuzumab before approval of this drug in our 
country. Dual blockage of both ER and HER-2 is 
an effective treatment and these tumors are also 
hormone sensitive [20]. In these circumstances 
ER blockage may have interfere with our result 
because more than half of the patients in the Ki-
67 high group were HR positive. Moreover, we 
maintain that studies that evaluate the impor-
tance of Ki-67 in Her-2 and HR positive breast 
cancer are needed. 

In conclusion, Her-2 positive patients with 
low Ki-67 and high Ki-67 have similar demo-
graphic and pathologic features except lympho-
vascular invasion and HR status. Her-2 positive 
breast cancer with good prognosis should not 
be differentiated with Ki-67. Although hormone 
receptor positivity was frequent in the Ki-67 
low group, disease course had been determined 
by hormone receptor status in Her-2 positive 
breast cancer rather than Ki-67 in our patients. 
Further prospective studies are needed to define 
the importance of Ki-67 in Her-2 positive breast 
cancer.

Table 4. The sites of metastasis according to Ki-67

Metastatic sites
Ki67<20

N: 8
N (%)

Ki67≥20
N: 15
N (%)

p value

Bone

Yes

No

5 (62.5)

3 (37.5)

4 (26.7)

11 (73.3)

0.09

Liver

Yes

No

5 (62.5)

3 (37.5)

10 (66.7)

5 (33.3)

0.84

Lung

Yes

No

2 (25.0)

6 (75.0)

2 (13.3)

13 (86.7)

0.48

Lymph node

Yes

No

2 (25.0)

6 (75.0)

2 (13.3)

13 (86.7)

0.48

Brain

Yes

No

0 (0.0)

8 (100.0)

3 (20.0)

12 (80.0)

0.17

N: number of evaluable patients
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