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Abstract: Objective: To determine the correlation between Ki67 expression and the efficacy of neoadjuvant chemo-
therapy, and to assess the clinicopathological characteristics of luminal B breast cancer. Methods: The expression
of Ki-67, ER, PR and HER2 in breast cancer tissue samples from 163 patients with NCT was detected using immu-
nohistochemical techniques. The relationship between Ki67 and the clinicopathological characteristics of patients
was determined using Spearman rank correlation analysis. Results: Based on the principle of maximizing the sum
of sensitivity and specificity, 30% was calculated to be the optimum critical value of Ki67 as an indicator for PCR
prediction and the area under the ROC curve was 0.729 (P = 0.000). Two cohorts of patient samples were divided
in this trial according to the expression levels of Ki-67 (99 cases with low expression, Ki-67 < 30%) and 64 cases
with high expression, Ki-67 > 30%). The results demonstrated that the cohort of the high Ki67 expression group
exhibited a greater PCR percentage than the low expression cohort after neoadjuvant chemotherapy (26.6%, 8.1%,
P =0.001). Moreover, the PCR rate of 137 (84.0%) of the patients with a Ki67 decrease trended apparently better
than the non-decreasing group (17.5%, 3.8%, P = 0.076). The results also suggested that the expression of Ki67
was positively correlated with the PCR rate (r = 0.25, P = 0.001), breast tumor diameter (r = 0.158, P = 0.044),
menstrual status (r = 0.187, P = 0.017), and was negatively correlated with ER (r =-0.242, P = 0.002) and age (r =
-0.254, P =0.001). Conclusions: The high expression of Ki67 responded well to neoadjuvant chemotherapy and the
optimum critical value of Ki67 to predict PCR was 30%. There was a definite relationship between Ki67 levels and
clinical pathological indicators, which pointed to the benefits of NCT.
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Introduction

The immunophenotype of luminal B breast can-
cer is characterized by ER (+) and (or) PR (+),
HER2 (+) or (-) and Ki-67 > 14%. Prior to 2011,
luminal A was reported to be the main molecu-
lar type of breast cancer [1, 2], while luminal B
occupied a tiny proportion without taking Ki67
into consideration. The St Gallen international
consensus meeting in 2011 [3] concluded that
Ki67 should be considered to be one of the
interpretation standards for breast cancer mo-
lecular types, particularly for the luminal B type.
It goes without saying that great significance is
attached to the therapy and study of the clinical
characteristics of luminal B breast cancer.

Materials and methods
General information

This study was a retrospective observational
study consisting of 163 luminal B breast cancer
patients who received NCT in our hospital from
January 2011 to October 2014. Eligibility crite-
ria included clinical stage Il or lll based on the
AJCC staging system (Version 7), confirmed pa-
thological and immunohistochemistry charac-
teristics such as ER, PR, HER2 and Ki67 deter-
mined by coarse needle biopsy from breast tis-
sues before chemotherapy. In the cohort of
patients, there were 156 invasive ductal carci-
nomas, 5 invasive lobular carcinomas and 2
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mucinous adenocarcinomas. The median age
of the patients was 48 years (range 23-71
years). Of these, 160 (98.2%) had an ECOG per-
formance status of zero, and 3 (1.8%) had a PS
of one. Patient consent was not required, for
there was no direct intervention of treatment or
care. This study was approved by the ethics
committee of the Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union
Medical College (approval no. NCC2014ST-01).

Definition of interpretation standards and the
main index for efficacy

The breast biopsy specimens were examined
by pathological staff after automatic immuno-
histochemistry analysis, and then the speci-
mens were embedded in paraffin and sectioned
into 4 ym slices. ER and PR positivity was
defined as > to 1% positive immunohistochemi-
cal nuclear staining of tumor cells on a scale of
0-3+, while ER and PR negativity was defined
as < 1% negative staining. HER2 immunohisto-
chemistry and FISH* IHC+++ was interpreted to
be positive, and FISH was required for IHC++. A
gene copy number amplification > 2.2 was
interpreted to be positive and IHC+ was inter-
preted to be negative. The interpretation of
Ki-67 [4] was that the positive cells nuclei were
stained from light yellow to brownish yellow. Ten
visual fields were randomly chosen under light
microscopy at a magnification of x400. In each
field of view, 500 cells were counted, and the
proportion of Ki67 positive cells vs the total cell
count was calculated. Ki67 was adopted for the
interpretation of breast cancer molecular type
at the St Gallen international meeting in 2011,
a low expression of Ki67 is < 14%, while a high
expression is > 14% [3].

PCR was defined as no invasive or non-invasive
tumor residuals and a complete disappearance
of axillary lymph node metastasis after NCT.
Based on the principle of maximizing the sum
of sensitivity and specificity, the predicted opti-
mum critical value of PCR was 30%. A low
expression referred to a Ki67 < 30%, while a
high expression was > 30%.

NCT management and surgical treatment

A total of 133 patients were treated with intra-
venous paclitaxel 175 mg/m? + epirubicin 75
mg/m? on d1 and d2 and 12 patients were
treated with intravenous paclitaxel 175 mg/m?,
d1 + carboplatin AUC = 4-5, d2. There were 57
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cases of HER2+++ and 18 cases were treated
with a TCH regimen. Trastuzumab was first
administered at a dose of 8 mg/kg, d1 (and at
6 mg/kg for subsequent chemotherapy cycles)
+ intravenous paclitaxel, 175 mg/m?2, d2 + car-
boplatin, AUC = 4-5, d3, every 21 d. Surgery
was performed after 2-6 cycles of neoadjuvant
chemotherapy, and the median chemotherapy
cycle number was 4. All patients had surgical
treatment within 1 month after chemotherapy
ceased; 144 patients underwent a modified
radical mastectomy and 19 breast conserving
surgery, with 6 cycles of chemotherapy being
administered before and after surgery.

Statistical analysis

SPSS Statistics for Windows (Version 19.0.
Armonk, NY: IBM Corp.) was used for data anal-
ysis. ROC curves that predicted PCR were plot-
ted according to the Ki67 expression levels in
163 patients. The cut-off value of the Ki67 rate
to predict PCR was calculated based on maxi-
mization of the sum of sensitivity and specifici-
ty. Spearman analysis was employed to deter-
mine whether there was a correlation between
Ki67 and the clinicopathological characteris-
tics. Avalue of r > O indicates a positive correla-
tion and a coherent direction of change
between the independent and dependent vari-
ables. Alternatively, r < O indicates a negative
correlation and a reverse direction of change
between the independent and dependent vari-
ables. The relationship between the Ki67
expression level and the efficacy of NCT were
analyzed using a chi-square test. A P-value <
0.05 was considered to be statistically signifi-
cant.

Results

The optimum critical value of Ki67 for PCR pre-
diction was 30%, based on the principle of max-
imizing the sum of sensitivity and specificity,
the area under the ROC curve was 0.729, the
standard error of the area was 0.0054, and
was statistically significant for Ki67 to predict
PCR (P = 0.000). A higher expression of Ki67
predicted a greater possibility to achieve PCR
(Figure 1 and Table 1).

The relationship between the Ki67 expression
level and the efficacy of NCT in breast cancer

In this study, different expression levels of Ki67
were positively correlated with PCR (r = 0.25, P
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Figure 1. ROC curve of Ki67 for PCR prediction.

= 0.001). The results indicated that efficacy in
the high expression group was better than in
the low expression level group (26.6%, 8.1%) as
shown in Table 2.

The relationship between Ki67 expression lev-
els and the clinicopathological characteristics

The Ki67 expression level was negatively cor-
related with ER (r =-0.242, P = 0.002) and age
(r=0.254, P =0.001) but positively correlated
with breast tumors (r = 0.158, P = 0.44) and
menstrual status (r = 0.187, P = 0.017) in our
study. No significant correlation with PR, HER2
or the axillary lymph state was detected (P >
0.05, Table 2).

Discussion

NCT is one of the standard therapies used to
treat locally advanced breast cancer, and PCR
can significantly improve the disease-free sur-
vival time [5]. It has been reported that there is
a higher long-term survival rate for PCR patients
than non-PCR patients [6], and that PCR can be
used as a substitute indicator of clinical bene-
fit. The PCR rate after NCT for luminal type
breast cancer ranged from 6-12% [7]. A combi-
nation of anthracycline and paclitaxel can
increase the rate of PCR, and chemotherapy
combined with anti-HER2 targeting drugs can
further improve the prognosis of luminal B
breast cancer with an overexpression of HER2.
In the present study, 25 patients (15.3%)
achieved PCR values that were higher than
those previously reported, probably because
Herceptin therapy improved the treatment effi-
cacy of luminal B patients with an overexpres-
sion of HER2.
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Ki67 has been reported to be closely associat-
ed with recurrence and metastasis [8-11], as a
proliferating cell nuclear antigen, and as a reli-
able indicator for the prognosis of malignancy.
A higher proliferation activity means a worse
prognosis and stronger sensitivity to chemo-
therapy. The Ki67 rate of all patients was >
14% in the current study. According to the 30%
Ki67 critical value, the PCR rates were 26.6%
and 8.1% in the high and low expression groups,
respectively. The difference was significant
suggesting that a higher expression level of
Ki67 could predict greater sensibility to chemo-
therapy, a finding consistent with previously
reported studies [12, 13].

Our research has demonstrated that Ki67
expression was negatively correlated with ER
and age, and that breast cancer with negative
hormone receptors has a stronger proliferation
ability. Yoshioka et al. reported [14] that
patients with negative hormone receptors and
a high expression level of Ki67 were more sen-
sitive to chemotherapy. This research also
found a strong proliferation of Ki67 in young
patients. Ki67 expression was positively corre-
lated with breast tumor, and a higher Ki-67
expression level correlated to a greater tumor
diameter. It is noteworthy that the expression
level of Ki67 was positively related with the
menstrual status of patients; there was a great-
er expression of Ki67 and stronger cancer pro-
liferation activity in premenopausal patients
than in postmenopausal patients [15]. No sig-
nificant correlation between Ki67 and HER2
was found in our research, which is inconsis-
tent with the positive correlation previously
reported [16], possibly because no comparison
was made between molecular subtypes. The
Ki67 expression level decreased in 84.0%
(137/164) of cases, but in 16.0% (26) it did not
change after neoadjuvant chemotherapy. The
higher PCR rate in the patient group in which
Ki67 expression decreased suggested a corre-
lation of Ki67 with the treatment efficacy.

Conclusions

The Ki67 expression level is a significant indi-
cator for NCT therapeutic efficacy, with the opti-
mum critical value being 30%. Patients with a
high expression of Ki67 had a better short-term
response to chemotherapy. A correlation be-
tween Ki67 levels and some clinicopathological
characteristics was found, which can be used
as an indicator to predict the likely efficacy of
chemotherapy.

Int J Clin Exp Med 2019;12(5):6044-6048



Ki67 in luminal B breast cancer

Table 1. Area under the ROC curve, standard error, P-value, sensitivity, specificity and the 95% CI of

Ki67 for PCR prediction

95% CI
Test variable AUC SE P-value . Sensitivity  Specificity
Lower Upper
Ki67 rate 0.729 0.054 0.000 0.623 0.834 70.8% 66.2%

AUC: Area under the curve.

Table 2. Correlation between Ki67 expression, NCT efficacy and clinicopathological characteristics

Ki67 expression

Clinicopathological characteristics Samples Low expression High expression iggg:ﬁ;ﬁ? P-value
<30% (n =99) > 30% (n = 64)

ER
Negative 40 16 (16.2) 24 (37.5) -0.242 0.002
Positive 123 83 (83.8) 40 (62.5)

PR
Negative 30 15 (15.2) 15 (23.4) -0.104 0.185
Positive 133 84 (84.8) 49 (76.6)

HER2
Negative 106 62 (62.6) 44 (68.8) -0.063 0.426
Positive (overexpression) 57 37 (37.4) 20(32.1)

Tumor diameter
>5cm 33 15 (15.2) 18 (28.1) 0.158 0.044
<5cm 130 84 (84.8) 46 (71.9)

Age
> 40 126 85 (85.9) 41 (64.1) -0.254 0.001
<40 37 14 (14.1) 23 (35.9)

Menstrual status
Premenopausal 104 56 (56.6) 48 (75.0) 0.187 0.017
Postmenopausal 59 43 (43.4) 16 (25.0)

Axillary lymph node metastasis
Yes 143 86 (86.9) 57 (89.1) 0.033 0.679
No 20 13 (13.1) 7 (10.9)

Efficacy
PCR 25 8(8.1) 17 (26.6) 0.25 0.001
Non-PCR 138 91 (91.9) 47 (73.4)
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