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partitioning calculation method of the Ki-67 index
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Abstract. The aim of the present study was to perform the
accurate prognosis of different molecular types breast cancer
(BC) by using the partitioning calculation method of the Ki-67
index. Partitioning calculation was used to judge the Ki-67
index and the molecular type was classified according to the
2019 Chinese Society of Clinical Oncology guidelines in
199 cases of BC. The association between the Ki-67 index and
overall survival (OS), disease-free survival (DFS) and molec-
ular types was analyzed using the Chi-squared test. Survival
analysis was performed using the Kaplan-Meier method with
statistical SPSS 18.0 software. The results revealed that the
5-year survival rate of patients with BC was 18.60% (8/43),
the 6-year survival rate was 38.24% (26/68), while the 10-year
survival rate of patients with BC was 73.08% (133/182); the
results indicated that almost 80% patients succumbed during
the 5 years following diagnosis. Marked differences were
found between the OS of patients with BC and the Ki-67
index (between 50 to 54%) (x*=4.83, P=0.028; %x?=4.60,
P=0.032 respectively). All 14 cases of luminal A subtype
BC with a Ki-67 index <4% survived at the end of follow-up
time (69-156 months). At the same time, there was a marked
difference between two groups of patients with overexpression
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HER-2 while using 50% as a cut-off point of Ki-67 (¥*=5.54,
P=0.019). On the whole, the present study demonstrates that
the partitioning calculation of the Ki-67 index can be used
to judge the prognosis of patients with BC accurately. The
prognosis of patients with different molecular subtypes of BC
may be associated with the different Ki-67 index.

Introduction

A limited number of biomarkers have been used to predict the
prognosis and monitor the outcomes of patients with breast
cancer (BC), such as lactate dehydrogenase (LDH), which is
an independent prognostic marker for BC and the Ki-67 index,
which is of utmost importance to the prognosis and molecular
typing of patients with BC (1). Patients with BC with a high
Ki-67 index exhibit more pathological complete responses
(pCRs) regardless of the ER (estrogen receptor), progesterone
receptor (PR) and the human epidermal growth factor receptor
2 (HER-2) status. Ki-67 even can be used to predict the pCRs
of patients treated with neoadjuvant therapy from Asia and
Europe, but not those from the USA (2). Even young women
with BC have a higher Ki-67 index than that of women with
BC >60 years of age (3).

In 2019, it was reported in the Guidelines of the Chinese
Society of Clinical Oncology (CSCO) that the critical value
of Ki-67 should be determined according to the practical situ-
ation of each laboratory (4). As recognized by the majority
of Chinese experts, a Ki-67 index of <15% indicates a low
expression and one of >30% is suggestive of a high expres-
sion. When the Ki-67 index is in the range between 15-30%, a
secondary pathology consultation is suggested or clinical deci-
sions can be made according to the values of other indices (4).
During the practical pathological diagnosis, it is difficult to
accurately calculate the critical value of Ki-67 with poor
repeatability. The results obtained by different laboratories
are derived from technicians who are familiar with the opera-
tion to different degrees and trained/untrained diagnosticians.
Due to these differences, the results are not exactly the same.
Sometimes, the definition of the Ki-67 index remains contro-
versial, particularly regarding whether pathologists should
evaluate the Ki-67 index in the ‘hot-spots’ area in the infil-
trated tumor or whether they should report average values of
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Ki-67 (5). Notably, after the critical value of the Ki-67 index
has been reached, it is difficult to standardize the operation or
accurately calculate this index. The accurate estimation of the
Ki-67 index can be performed using a scientific method. The
potential to achieve the accurate prognosis of patients with BC
with the Ki-67 index is dependent on whether this index is
associated with the molecular subtype of BC, the possibility
of patients with different molecular types to be applicable
to the same Ki-67 index, and requires this index to possess
an interval value, facilitating clinical pathologists to operate
and increase the critical application value. These topics are
explored in the present study.

Patients and methods

Patient data and specimens. The paraffin-embedded
specimens of patients with BC hospitalized in the 989th
Hospital of the PLA Joint Logistic Support Force Hospital
(Luoyang, China) during the period January, 2005 to July,
2013 were collected for the present retrospective study.
Follow-up data were obtained from 199 patients with BC
with complete information, including 1 male (0.5%) and 198
females (99.5%) with an age range of 25-84 years (average
age, 48 years). The number of patients with an age <30 years
was 1, that of patients with an age range of 30-60 years was
162, and that of patients with an age =60 years was 36. A
total of 104 patients exhibited no lymphatic metastasis (NO),
53 patients presented with 1-3 lymphatic metastases (N1),
31 cases had 4-9 lymphatic metastases (N2), and 11 patients
had =10 lymphatic metastases (N3). As regards the American
Joint Committee on Cancer (AJCC) pathological staging
(pPTNM) (6), 34 patients were classified as stage IA, 72 cases
as stage IIA, 45 cases as stage IIB, 35 cases as stage I11A, 1
as stage IIIB, 11 cases as stage IIIC and 1 as stage I'V. None
of the patients accepted chemotherapy or radiotherapy prior
to the operation. The specimens were fixed using 10% neutral
formalin along with paraffin embedding. The following
inclusion criteria were used: i) The patients received a defini-
tive diagnosis via an examination following a BC radical
mastectomy; ii) no chemotherapy or radiotherapy were
provided prior to the surgery; iii) complete follow-up visit
information was provided; iv) patients with BC metastasis or
recurrence. The following exclusion criteria were used: i) A
lack of complete follow-up visit information; ii) patients who
received radiotherapy or chemotherapy prior to the surgery;
iii) the patients who were diseased not due to BC metastasis
or recurrence; iv) patients whose quality of life was severely
affected by other causes or who had succumbed to the disease
due to the concurrence of other tumors (Fig. 1).

Written informed consent was obtained from the 989th
Hospital of the PLA Joint Logistic Support Force database
for the collection of data and for the use of personal data for
research purposes, and written informed consent was obtained
from the patients or their immediate family. The present
study was ethically approved by the Ethics Committee of
the 989th Hospital of the PLA Joint Logistic Support Force
review board on May 14, 2020 (Approval no. 20200508). The
patient information was obtained from the medical records of
989th Hospital and the follow-up data were obtained from the
patients or their immediate family members.

Immunohistochemical staining. The SP immunohistochem-
istry (IHC) method was used to cut the selected paraffin blocks
into a thickness of 2-3 ym. Rabbit anti-human monoclonal ER
(clone no. SP1, cat. no. Kit-0012, 1:300), rabbit anti-human
monoclonal PR (clone no. SP2, cat. no. Kit-0013, 1:300), rabbit
anti-human monoclonal HER-2 (clone no. MXRO0O0I1, cat.
no. Kit-0043, 1:200), rabbit anti-human monoclonal antibody
Ki-67 (clone no. SP6, cat. no. RMA0542, 1:500), secondary
antibodies (ready-to-use sheep anti-rabbit IgG polymer, cat.
no. KIT 5010) and color-producing reagents (DAB staining
solution) were all purchased from Fuzhou Maixin Biotech
Co., Ltd. The operating steps followed the conventional THC
method and PBS was used to replace the primary antibodies
with the negative control. Briefly, 2-3-ym-thick sections were
mounted on poly-lysine treated glass slides. Endogenous
peroxidase activity was blocked with 3.0% H,O, for 15 min
at room temperature. The sections were placed in a pressure
cooker for 15 min in 10 mM citrate buffer (pH 6.0) for antigen
retrieval. The sections were then incubated with primary
antibodies at 4°C overnight. The following day, the sections
were washed and incubated for 1 h at room temperature with
the secondary antibodies. Peroxidase activity was visualized
with DAB and observed under a light microscope (Olympus
Corporation) at a low magnification. The appearance of brown
particles in the membrane or the nucleus was considered as the
positive criterion.

The following result interpretation criterion was used: ER,
PR and Ki-67 were all found positive in the cell nucleus. In
the case that the presence of brown particles was observed in
>1% of BC cell nuclei, ER and PR were classified as positive
(Fig. 2A and B). The presence of yellow or brown particles
in the cell nucleus was considered to indicate positive Ki-67
staining (Fig. 2C-E).

The following HER-2 positive criteria were used: 0+
for unstained or <10% of invasive cancer cells presenting
incomplete and weak cell membrane staining; 1+ for >10%
of invasive cancer cells presenting incomplete and weak cell
membrane staining (Fig. 2F); 2+ for >10% of invasive cancer
cells presenting incomplete and/or moderate cell membrane
staining or <10% of invasive cancer cells presenting strong and
complete cell membrane staining (Fig. 2G); 3+ for >10% of
invasive cancer cells presenting strong, complete, and uniform
cell membrane staining (Fig. 2H) (7). In the presence of HER-2
2+ staining, fluorescence in situ hybridization detection was
implemented according to the instructions of the manufacturer
(Amoy Dx®HER-2 detection kit, Amoy Diagnostics Co., Ltd.)
to further determine the status of HER-2. Briefly, 4-ym-thick
sections were dewaxed and hydration, and then placed in boiled
pre-treatment solution (pH 7.0) for 20 min. This was followed
by washing with deionized water for 1 min and washing with
2X SSC solution (pH 7.0) for 1 min. The sections were then
treated with protease K at 37°C for 15 min, washed with 2 X
SSC solution (pH 7.0) for 1 min, dehydrated and dried. A total
of 8 ul hybridization buffer and 2 ul of the pre-labelled HER-2
probe were added to the microcentrifuge tube and centrifuged
at 1,000 x g for 3 sec at room temperature. Subsequently, 10 pl
of the probe hybridization mixture was applied, sealed and
denatured at 78°C for 3 min. The slides were then incubated in
a humidified chamber protect from light at 37°C for 16 h. The
slides were then washed with 2X SSC/0.3% NP-40 at 46°C
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Figure 1. Flow chart of the inclusion and exclusion criteria for the patients in the present study. A total of 199 patients with breast cancer were enrolled. BC,
breast cancer; PR, progestogen receptor; ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2.

Figure 2. Immunohistochemical staining results of ER, PR, HER-2 and Ki-67. Tumor cells positive for (A) ER, (B) PR, (C) Ki-67 index <1%, (D) Ki-67 index

15%, (E) Ki-67 index >30%, (F) HER-2 (1+), (G) HER-2 (2+), (H) HER-2 (3+). Magnification, x200. PR, progestogen receptor; ER, estrogen receptor; HER-2,
human epidermal growth factor receptor 2.

for 2 min, placed in gradient alcohol ethanol for 5 min, and added and the sections were observed under a fluorescence
finally air-dried. A total of 10 1 DAPI was then immediately = microscope (Olympus Corporation). When the experiments
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Figure 3. Schematic diagram of the calculation of the Ki-67 index. (A) The staining of Ki-67 was uniform, a total of 1,000 tumor cells were counted under a
medium or low-power lens (20-40X), and the Ki-67 index was then calculated. (B) The staining of was Ki-67 non-uniform, Ki-67 index=percentage of positive
tumor cell region in the whole section x percentage of positive tumor cells in the positive region. (C) The staining of Ki-67 was non-uniform, the positive tumor
cells presented focal distribution on the whole section, and this section was then divided into several regions to calculate the Ki-67 index in each region, Ki-67
index=Y (percentage of positive tumor cells 1+ percentage of positive tumor cells 2+ percentage of positive tumor cells 3.. +percentage of positive tumor cells

n)/Y (14243+...... n) x100.

were completed, at least 20 infiltrating cancer cells in =2
representative areas were counted to determine the status of
HER-2. The HER-2/CEP17 ratio =2.0 and the mean HER-2
copy number/cell =4.0 indicate a positive expression of
HER-2. In the case of an HER-2/CEP17 ratio =2.0 and a mean
HER-2 copy number/cell <4.0, it is recommended to increase
the number of cells, and once the result remains unaltered, it
is judged as negative. In the case of an HER-2/CEP17 ratio
<2.0 and a mean HER-2 copy number/cell =6.0, it is recom-
mended to increase the count of cells, and if the result remains
unaltered, it is judged positive. In the case of an HER-2/CEP17
ratio <2.0, mean HER-2 copy number/cell =4.0 and <6.0, and
if the result of IHC HER-2 is not 3+, the signal of another
20 tumor cells was re-counted. If the results changed, the
two results were comprehensively analyzed according to the
results of THC.

Interpretation method for the Ki-67 index. The whole section
was previewed under a low power lens of the microscope prior

to the interpretation to assess whether the Ki-67 staining was
uniform. If the staining was uniform, a total of 1,000 tumor
cells were counted under a medium and high-power lens
(20-40 X objective lens), and subsequently, the Ki-67 index
was calculated (Fig. 3A).

If the staining was non-uniform, the following two possible
outcomes were considered: The positive tumor cells only
accounted for one part of the total pathological section and
the Ki-67 index was obtained by multiplying the percentage of
positive tumor cells in this region by the percentage of positive
tumor cells in the whole pathological section, namely, Ki-67
index=percentage of positive tumor cell regions in the total
pathological section x percentage of positive tumor cells in
the positive region (Fig. 3B); secondly, the presence of focal
distribution of the positive tumor cells on the total pathological
section was considered, which was used to divide this section
into several regions in order to estimate the Ki-67 index in each
region. In the end, the sum of Ki-67 indices in all regions was
divided by the number of regions to obtain the Ki-67 index.
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The following formula was used: Ki-67 index=} (percentage
of positive tumor cells 1+ percentage of positive tumor cells 2+
percentage of positive tumor cells 3...+percentage of positive
tumor cells n)/Y(142+3+...... n) x100 (Fig. 3C). The staining
intensity could not be interpreted and tumor cells with an
unclear contour were not counted.

Molecular typing. The molecular typing was implemented
according to the suggestions provided in the 2019 CSCO
Guidelines (low expression if the critical value of Ki-67index
<15%, and high expression if it was >30%) (4). When the
ER*/HER-2" status and the Ki-67 index were within 15-30%,
the molecular typing of BC was conducted according
to the percentage of cells with a positive PR expression.
Subsequently, the PR index >20% was considered as the
cut-off value in accordance with the 2019 CSCO Guidelines.
If the PR index was >20%, BC was classified as luminal type
A, whereas if the PR index was <20%, the BC was classified
as luminal type B.

Statistical analysis. The survival data of patients with BC
were statistically analyzed using SPSS 18.0 software (SPSS,
Inc.). The Chi-square (?) test was used to assess the Ki-67
index, the OS and the DFS of patients with BC, as well as
the association between the different molecular types. The
Kaplan-Meier survival analysis method (with the log-rank test)
was adopted. A value of P<0.05 was considered to indicate a
statistically significant difference.

Results

Clinicopathological features of patients with BC. The median
age of the 199 patients with invasive ductal carcinoma was
48 years (25-84 years old), of whom those at stage SBRI
accounted for 21.2% (42/199), those at stage II for 57.8%
(115/199), and those at stage III for 21.2% (42/199). The
patients with lymphatic metastasis comprised 47.7% (95/199)
of the total sample size and those without lymphatic metas-
tasis accounted for 52.3% (104/199). According to the AJCC
staging (6), the percentages of patients at stage I, II, III and
IV were 17.1% (34/199), 58.8% (117/199), 23.6% (47/199) and
0.5% (1/199), respectively (Table I). The median follow-up time
lasted 82 months (12-157 months). The statistical analysis indi-
cated that the 5-, 6-, 7- and 10-year OS rates of the patients with
BC were 18.60% (8/43), 38.24% (26/68), 60.68% (71/117) and
73.08% (133/182), respectively. The data indicated that >80% of
the patients with BC succumbed to the disease within 5 years,
whereas their survival rate was 100% following 10 years. The
OS rates of the patients with BC in the different age range
groups differed significantly (x*=211.1, P<0.0001) (Fig. 4).

Associations of the Ki-67 index with the OS and DFS of
patients with BC. The number of patients with a Ki-67 index
<1% was 16 (8.0%) and that of patients with a Ki-67 index
290% was 9 (4.5%). The median percentage was 26.53% and
the average value was 29.6+£23.9%. The results of statistical
analysis indicated that when the Ki-67 index was in the range
of 50-54%, the OS of the patients with BC was questionable
and the two groups exhibited significant differences (Table II
and Fig. 5), suggesting that the Ki-67 index within the interval

Table I. The clinicopathological characteristics of 199 patients
with breast cancer in the present study.

Characteristic No. of patients %
Sex
Male 1 05
Female 198 99.5
Age, years
<30 1 05
30-60 162 814
>60 36 18.1
Tstage
T1b 13 6.5
Tlc 40 20.1
T2 126 63.3
T3 18 90
T4 2 10
N stage
0 104 523
N1 53 26.6
N2 31 15.6
N3 11 55
AJCCstage
IA 34 17.1
ITA 72 36.2
1B 45 22.6
IIA 35 17.6
111B 1 05
IcC 11 55
v 1 0.5
SBR grade
I 42 21.1
I 115 57.8
I 42 21.1

AJCC, American Joint Committee on Cancer; SBR, Scarff-Bloom-
Richardson.
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Figure 4. Survival rates of the patients in the present study. The data indi-
cated that over 80% of the patients with BC succumbed to the disease within
5 years, whereas their survival rate was 100% following 10 years.
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Table II. Association between the Ki-67 index and the overall survival of patients with breast cancer.

Ki-67 index Patients who succumbed (n, %) Patients who survived (n, %) Survival rate (%) y*value  P-value
<50% 36 (21.82) 129 (78.18) 78.18 4.83 0.028
>50% 13 (38.24) 21 (61.76) 61.76

<54% 37 (22.02) 131 (77.98) 77.98 4.60 0.032
>54% 12 (38.71) 19 (61.29) 61.29

Table III. Molecular subtype of the 199 patients with breast cancer according to the 2019 CSCO guidelines.

Molecular subtype Patients who succumbed (n, %) Patients who survived (n, %) Total (n)
Luminal A 9 (16.7) 45 (83.3) 54
Luminal B HER-2(-) 6(214) 22 (78.6) 28
Luminal B HER-2(+) 9(23.1) 30 (76.9) 39
Overexpression of HER-2 13 (33.3) 26 (66.7) 39
Triple-negative 12 (30.8) 27 (69.2) 39

CSCO, Chinese Society of Clinical Oncology; HER-2, human epidermal growth factor receptor 2.
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Figure 5. Kaplan-Meier curves for the OS rates of patients with breast cancer according to the different Ki-67 index. (A) Ki-67 index, 50%; (B) Ki-67 index,

54%. OS, overall survival.
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Figure 6. Kaplan-Meier curve for the OS rate of patients with BC overex-
pressing human epidermal growth factor receptor 2 according to a Ki-67
index of 50%. When 50% was used as the cut-off value for the Ki-67 index,
the mortality rate of the patients with BC was significantly higher in the
group with a Ki-67 index >50% than in the group with an index<50%. BR,
breast cancer; OS, overall survival.

of 50-54% was meaningful for the assessment of the OS of
patients with BC.

Following the termination of the follow-up time period,
24 cases among the 199 patients with BC experienced
single-organ and/or multi-organ metastasis (lung, brain and
bone) or chest wall in situ recurrence; a total of 175 patients
succumbed to the disease or were under a progression-free
survival status after the follow-up time.

Prognosis of patients with BC with different molecular types
via the Ki-67 index. The molecular subtyping of the 199 patients
with BC was implemented in accordance with the 2019 CSCO
standard (4). The results indicated that 54 patients were clas-
sified as luminal type A; 67 cases were classified as luminal
type B, including 28 patients with luminal B HER-2 (-) and
39 with luminal B HER-2 (+) type; 39 patients were classified
as the HER-2 overexpression type and 39 had triple-negative
BC (TNBC) type (Table III). Of note, the patients with
luminal type A BC and a Ki-67 index <4% survived and their
follow-up time period lasted 69-156 months, suggesting that
the survival time of patients with luminal type A BC and a low
Ki-67 expression was long (data not shown).
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Among the patients with HER-2-overexpressing BC,
50% was considered as the cut-off value of Ki-67, and their
mortality rate was 71.43% (5/7) when the Ki-67 index was
>50%, which was significantly different from the group with
a Ki-67 index <50% (x*=5.54, P=0.019). The data indicated
that this cut-off value for the Ki-67 index was significant for
the prognosis of patients with HER-2-overexpressing BC;
specifically, the patients with HER-2-overexpressing BC and a
Ki-67 index >50% had a poor prognosis (Fig. 6).

Discussion

Ki-67, which has been widely applied in clinical pathology, is a
nucleoprotein discovered and determined in Hodgkin's lymphoma
in the 1980s (8). Its application to BC is based on the following
two aspects: i) It is used for molecular typing and to treatment
guidance; its use is particularly crucial for distinguishing luminal
type A from luminal type B, since patients with luminal type A
only require endocrinotherapy, while patients with luminal type
B obtain an optimal clinical effect by using the systematic chemo-
therapy combined with endocrinotherapy (9); ii) it is applied to
the prognosis of patients with BC and several studies have shown
that patients with BC and a high Ki-67 index exhibit a poor prog-
nosis and are more susceptible to recurrence (10,11). However,
the results regarding the application of the Ki-67 index in BC at
home and abroad are inconsistent and even mutually contradic-
tory. It has been demonstrated that patients with BC and a high
Ki-67 index will acquire improved pCRs and will not require
the assessment of their hormone receptor levels (ER or PR) and
HER-2 status (2). However, it has also been shown that the Ki-67
index is unrelated to the prognosis of patients with BC; therefore,
the lower the index, the poorer the prognosis (12). According to
the study by Kadivar and Aram (13), other clinicopathological
features, such as histological grade, the presence or absence of
lymphatic metastasis, the tumor volume, and vascular invasion
should be combined when the Ki-67 index is used to assess the
influence of clinical treatment on patients with BC. The emphases
of the present study is based on the ability to effectively solve
these issues, to contribute to improve the operability and accuracy
of the Ki-67 index when used in BC, and accurately measure the
Ki-67 index and apply it to the prognosis of patients with BC.
In addition, the unspecific grouping by the ‘high Ki-67 index’
and ‘low Ki-67 index’ should be avoided as much as possible, as
the distribution interval of ‘high and low Ki-67 index’ can be too
large to operate in practice; for example, the low Ki-67 index can
range from O to 28.6% (14,15).

Another difficulty faced by pathologists is the accurate
estimation of the Ki-67 index. In order to optimize the counting
method and reduce the differences among observers to the
greatest extent, the international Ki-67 in the Breast Cancer
Working Group has provided certain suggestions; namely, the
cells should be counted at least under three high power fields
(40 X objective lens) or at least 500-1,000 cancer cells should
be counted, including the invasion edge and hotspot area
of the tumor (16). Although this method is both time- and
labor-consuming, it is still the most economical and practical
method, earning considerable acceptance from pathologists (17).
The Ki-67 counting by computer-aided means has also been
reported (18). In the present study, the Ki-67 index was calcu-
lated using the artificial partitioning calculation method, which

enabled more accurate calculations. Specifically, the Ki-67 index
was calculated by two senior pathologists in each case, and the
average number was finally calculated as the Ki-67 index of each
patient. With simple and convenient operation, this method can
not only reduce the errors among different observers, but can
also consider the non-uniform staining of tumor cells.

Following the counting of the percentage of Ki-67-positive
cells in the 199 BC samples and statistical analysis, an interval
of the Ki-67 index was noted for the prognosis of patients with
BC; when the Ki-67 index was within the range of 50-54%, it
was valuable for assessing the OS of patients with BC. Previous
research has indicated that when 10% is considered as the
cut-off value for Ki-67, the OS and recurrence-free survival
of patients with BC in the low PR expression group (<20%)
are both higher than those in the high PR expression group
(>20%), irrespective of the group classification [high-expres-
sion (=10%) group or low-expression (<10%) group]; notably,
the patients presenting with a high Ki-67 expression and a
low PR expression exhibit the poorest prognosis (19). When
14% is considered as the cut-off value for Ki-67, the pCR rate
of patients with luminal type BC, a high Ki-67 expression
(=14%), and low PR expression (<50%) following neoadjuvant
chemotherapy is relatively high (20). These conclusions have
indicated that the Ki-67 index is meaningful for the prognosis
of patients with BC; however, the cut-off value is inconsistent,
which is closely related to the grouping conditions of patients,
the interpretation method of the Ki-67 index, and notably, the
standardization of the Ki-67 interpretation.

In the present study, the results indicated that the patients
with luminal type A BC and a low Ki-67 index (=4%) exhibited
a favorable prognosis, and all patients survived through the
13-year follow-up time period. The mean OS of the patients
with HER-2-overexpressing BC was significantly different
when 50% was considered as the cut-off value of Ki-67.
However, Jain et al (21) suggested the use of 35% as the
cut-off value to predict the pathological response of patients
with BC to neoadjuvant chemotherapy. Moreover, it has been
demonstrated that when the Ki-67 index is within 10-20%, high
intergroup associations manifest among different respondents
despite the presence of group differences (22). It is suggested
that the clinical use of ‘low Ki-67 expression’ and ‘high Ki-67
expression’ may be more meaningful. When the hotspot areas
are counted, the number of observers reported with a high
Ki-67 expression is apparently higher than that of the average
level. When the Ki-67 staining is weak, the observers are also
prone to a high Ki-67 expression (23). Accordingly, in the
study by Zhu et al (24), the cut-off value of Ki-67 was 30%
and was used as an independent prognostic factor affecting the
OS and DFS of patients with TNBC. The latter patients with
Ki-67 >30% had a poor prognosis (24). Therefore, the prog-
nosis of patients with BC could be predicted more accurately
by using the different Ki-67 indices for the different molecular
subtypes of BC. Concomitantly, as demonstrated in a previous
study, the activity of LDH and catalase (CAT) in BC tissues
aided the identification of the characteristics of cancer aggres-
siveness (25). In practice, every biomarker which was used
to predict the prognosis of patients with BC has limitations,
such as Ki-67, LDH and CAT. Thus, a few markers need to
be used jointly to determine the prognosis of patients with BC
objectively. For the Ki-67 index, the different cut-off values
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should be used to predict the survival of patients with different
molecular subtypes of BC. At the same time, this conclusion
may have a limitation as the data obtained herein were drawn
from patients in China; thus, further multicenter studies are
warranted to draw more objective conclusions.

In conclusion, the present study provided a systematic
exploration of the interpretation of the Ki-67 index based on
the partitioning calculation method and assessed its clinical
value for the prognosis of patients with BC. The results indi-
cated that the Ki-67 index obtained through the partitioning
calculation method was very meaningful for assessing the OS
of patients with BC. Different cut-off values of Ki-67 should
be adopted for providing information for patients with BC
with different molecular subtypes. The cut-off value of Ki-67
should fall into a certain interval, but should not be used at a
fixed point.
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