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ABSTRACT

Objective: The purpose of this study was to explore the optimal cutoffs of the three parameters of Ki67 during NAC for predicting
patient prognosis and investigate whether the optimal cutoffs of the Ki67 values were associated with relapse-free survival (RFS) or
breast cancer-specific survival (BCSS).

Methods: A total of 92 patients with locally advanced breast cancer (LABC), who had residual disease after NAC were
retrospectively investigated. The optimal cutoff values of the Ki67 parameters were assessed by the online algorithm Cutoff Finder.
Kaplan-Meier analysis, the log-rank test and Cox regression analysis were carried out to analyze survival.

Results: The optimal cutoff values for the postsurgical Ki67 level and the decrease in the Ki67 level during NAC were defined as
25% and 12.5%, respectively. According to the univariate survival analysis, a higher Ki67 level in residual disease was associated
with poor RFS (P = 0.004) and BCSS (P = 0.014). In addition, a Ki67 expression decrease > 12.5% during NAC was related to
favorable RFS (P = 0.007), but was not related to BCSS (P = 0.452). Cox regression analysis showed that the Ki67 expression
decrease (> 12.5% vs. < 12.5%) and histological grade (grade 3 vs. grade 1-2) were the independent factors associated with RFS (P =
0.020 and P = 0.023, respectively), with HR values of 0.353 (95% CI: 0.147-0.850) and 3.422 (95% CI: 1.188-9.858), respectively.
Conclusions: The Ki67 decrease was one of the independent factors associated with RFS in LABC patients with residual disease

after receiving NAC.
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Introduction

Neoadjuvant chemotherapy (NAC) is a standard
management therapy for patients with locally advanced
breast cancer (LABC). NAC routinely decreases tumor size to
increase the success rate of resection and breast-conserving
surgery2. NAC also lowers lymph node staging, allowing
sentinel lymph node biopsy instead of axillary lymph node
dissection®!. Moreover, the surgical specimens after NAC
even provide an opportunity for assessing biomarkers as
therapeutic and prognostic predictors®. A meta-analysis
comprising nine randomized trials showed that NAC was
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equivalent to adjuvant chemotherapy in terms of disease
progression and overall survival (OS)°. Several studies also
indicated that pathologically complete response (pCR) after
NAC in either primary breast lesions or positive axillary
nodes, but especially when both sites achieved pCR had a
favorable long-term outcome compared with non-pCR7.
However, the prognosis is quite different among the non-
PCR patients!®. The identification of prognostic factors for
these patients is under investigation. It is very important to
find a new prognostic marker for stratifying these patients
and distinguishing which patients might benefit from
subsequent therapy.

The proliferative index using Ki67 as a prognostic and
predictive indictor has been extensively investigated in breast
cancer. High levels of Ki67 were associated with an
unfavorable prognosis. A meta-analysis of 46 studies
including 12155 patients indicated that high Ki67 expression
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was associated with unfavorable relapse-free survival (RFS)
and OS in early-stage breast cancer patients!!. In the NAC
setting, three parameters, the pretherapeutic Ki67 level,
postsurgical Ki67 level and change in the Ki67 level, could be
obtained and assessed. Pretherapeutic Ki67 cutoffs in the
range between 4% and 58% have been reported to be
associated with prognosis'2. A recent study also showed that
high Ki67 levels in residual disease after NAC were associated
with early metastasis'3. Von Minckwitz and colleagues
reported that patients whose Ki67 levels decreased during
NAC had an excellent outcome, which was even superior to
the outcomes of patients who had lower baseline Ki67 levels
in biopsy samples!4. It is unclear which of the three variates
has the most significance regarding the prognosis of patients
with residual disease.

In this retrospective study, we explored the optimal cutoff
values for the three Ki67 parameters during NAC to predict
prognosis. Next, we investigated whether the optimal Ki67
cutoff value was associated with RFS or breast cancer-specific
survival (BCSS).

Materials and methods
Patients

The Institutional Review Board of Shantou University
Medical College Cancer Hospital approved this study. From
December 2009 to September 2013, 1,329 patients with
primary breast cancer who were hospitalized in the Breast
Center at the Hospital were identified. Patients with bilateral
breast cancer and distant metastasis were excluded. A total of

104 patients receiving NAC were preliminarily included in
this study. An absence of pathologic evidence of residual
disease in the breast and axillary lymph nodes was defined as
a pCR. As shown in Figure 1, 99 (95.2%) patients did not
achieve a pCR. Among the 99 patients, one patient had ductal
carcinoma in situ, and 6 patients had only residual lymph
node involvement. In total, 92 patients with residual disease
in the breast, which can obtain paired Ki67 value before and
after NAC in the primary breast cancer, were enrolled in
this study. Their demographic and clinicopathologic charact-
eristics were obtained from the hospital medical records.

Treatment regimens

The basic chemotherapy regimens were as follows: TEC
(docetaxel 75 mg/m?, epirubicin 80 mg/m?, and cyclophosp-
hamide 500 mg/m? every 3 weeks for 18 weeks); FEC—
T (5-fluorouracil 500 mg/m?, epirubicin 100 mg/m?, and
cyclophosphamide 500 mg/m? every 3 weeks for 9 weeks,
followed by docetaxel 100 mg/m? every 3 weeks for another
9 weeks); and CEF (cyclophosphamide 500 mg/m?, epirubicin
100 mg/m?, and 5-fluorouracil 500 mg/m? on days 1 and
8 every 3 weeks for 18 weeks). Although thoroughly informed
of the benefits of targeted therapy for patient outcome, only
two patients with human epidermal growth receptor-2 (Her-2)
positive breast cancer received neoadjuvant targeted therapy,
with the others opting against the treatment for financial
reasons. Surgery was performed after 4 or 6 NAC cycles
depending on the patient’s response and their choice. All the
patients underwent breast-conserving surgery or mastectomy
and underwent axillary lymph node dissection while striving

(104 breast cancer patients recieved NAC)

—><5 patients achieved pCR>

(99 patients didn’t achieve pCR>

patient with 6 patients only with residual
DCIS lymph node involvement

92 patients with 1
residual lesion

(92 patients were included for evaluating three parameters of Ki67 value )

Figure 1 Flowchart of patient selection in present study. DCIS, ductal carcinoma in situ; NAC, neoadjuvant chemotherapy; pCR,

pathologically complete response.
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to completely remove residual disease. Patients received the
remaining cycles of chemotherapy, radiotherapy, and
endocrine therapy after surgery if eligible. A total of 64.5% of
the Her-2 positive patients, generally divided according to
economic status, received targeted therapy for 1 year.

Immunohistochemical examination

Pathological examinations of the tumor samples were
performed by two experienced pathologists. Estrogen
receptor (ER), progesterone receptor (PR), Her-2, and Ki67
expression levels were analyzed by immunohistochemical
staining (EnVision). The antibodies used for immunohi-
stochemistry were as follows: anti-ER (ab137738, 1 : 200
dilution; Abcam, USA), anti-PR (ab16661, 1 : 200 dilution;
Abcam, USA), anti-Her-2 (ab2428, 1 : 200 dilution; Abcam,
USA), and anti-Ki67 (MIB-1, 1 : 400 dilution; Dako,
Denmark). We adopted the threshold of 10% positive tumor
cell staining to interpret ER and PR status, with less than 10%
positive staining regarded as negative, and >10% positive
staining considered positive!l>. Her-2 expression was
determined according to the American Society of Clinical
Oncology/College of American Pathologists guideline
recommendations!®. Ki67 scoring was assessed according to
the International Ki67 in Breast Cancer Working Group
guidelines!”. The Ki67 index depended on the percentage of
positive cells among a total number of 1,000 tumor cells (at
least 500 tumor cells were counted).

Statistical analysis

All patients were followed until July 2016 through outpatient
clinic or telephone interview. RFS was defined as the time
from the date of surgery to local recurrence or distant
metastasis. BCSS was defined as the time from the date of
diagnosis of breast cancer to breast cancer-related death.
Patient death due to other diseases or survival at the last
follow-up date was considered censored data. The Ki67
values before and after NAC were analyzed by the Wilcoxon
test using MedCalc Statistical Software (version 15.8,
MedCalc Software bvba, Ostend, Belgium). The optimal
cutoff values of pretherapeutic Ki67 level as well as
postsurgical Ki67 level and Ki67 level change during NAC
was analyzed using an online Cutoff Finder algorithm
(http://molpath.charite.de/cutoff/)!8. Kaplan-Meier survival
analysis was used to analyze RFS and BCSS by MedCalc
Statistical Software, and the log-rank test was used to evaluate
the survival differences. Cox regression analysis was
performed to determine the independent factors for survival
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using SPSS statistical software (version 18.0, SPSS Inc,
Chicago, IL, USA). Significant variables from the univariate
analysis were selected for the multivariable analysis by an
enter procedure. All tests were two-tailed, and P < 0.05 was
considered statistically significant.

Results

Clinicopathological characteristics of the
patients

The patients’ clinicopathological characteristics used in this
study are summarized in Supplementary Table S1. All the
patients were female. Their median age was 51 years old
(range from 28 to 80). Of these patients, 48 (52.2%) were
premenopausal. The mean primary tumor size was 47.5 *
20.0 mm. Additionally, 95.7% of patients had invasive ductal
carcinomas, and 85.9% of them received anthracycline- and
taxane-based chemotherapy regimens. The TNM staging was
performed according to the American Joint Committee on
Cancer 7th edition guidelines'. Before chemotherapy, sixty
(65.2%) patients were ER-positive, 52 (56.5%) patients were
PR-positive and 31 (33.7%) patients were Her-2-positive.
When classified by breast cancer subtype, HR(+)/Her-2(-)
accounted for 51(55.4%) cases, HR(+)/Her-2(+) accounted
for 12 (13.0%) cases, HR(-)/Her-2(+) accounted for 19
(20.7%) cases, TN accounted for 10 (10.9%) cases. One
(1.1%) patient was classified as stage IIB, 44 (47.8%) patients
were stage IIIA, 19 (20.7%) patients were stage IIIB, and 28
(30.4%) patients were stage IIIC. After receiving NAC, 56.5%
patients were downstaged. Post-NAC staging was as follows:
9 (9.8%) patients were stage I, 20 (21.6%) patients were stage
I1, 34 (37.0%) patients were stage IIIA, 11 (12.0%) patients
were stage IIIB, and 18 (19.6%) patients were stage IIIC.
Immunohistochemically, the median Ki67 value before NAC
was 30% (range 1% to 80%). After NAC, the median Ki67
value was 20% (range 0% to 80%).

Changes in Ki67 levels before and after NAC

To determine the changes in Ki67 levels during NAC, Ki67
levels in the preoperative biopsy and surgical specimens after
NAC from the same patient were assessed. As shown in Table 1,
the median Ki67 value before NAC was 30%, and the
interquartile range (IQR) was 30% to 57%. In the samples
after receiving NAC, the median Ki67 value was 20% (IQR:
10%-30%). As shown in Supplementary Figure S1A, the
Ki67 level was obviously decreased after NAC (P < 0.001).
Next, we stratified the patients as with or without
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Table 1 Value of Ki67 before and after neoadjuvant chemotherapy

Characteristics n (%) Median (IQR) Mean + SD P

All patients 92 (100.0) 0.000*
Before 30 (30-57) 39 + 22
After 20 (10-30) 25+ 20

No relapse or metastasis 60 (65.2) 0.000*
Before 40 (22-50) 38+21
After 20 (10-30) 22 +19

Relapse or metastasis 32 (34.8) 0.068
Before 30 (30-67) 41 + 24
After 30 (20-47) 31+20

relapse/metastasis. In the group without relapse or metastasis
(65.2%), the Ki67 value was significantly decreased after
NAC (P < 0.001, Supplementary Figure S1B), and the
median pretherapeutic Ki67 value was 40% (IQR: 22%-—
50%), and the postsurgical median was 20% (IQR: 10%—
30%) (Table 1). A reduction in the postsurgical Ki67 value
was observed in the patients with relapse or metastasis (34.8%),
but it was not a significant difference compared to the preth-
erapeutic Ki67 value (P = 0.068, Supplementary Figure S1B).

Optimal cutoffs of the three parameters
relevant to the Ki67 levels during NAC

As shown in Figure 2A, 0 out of 8 cut points for the
pretherapeutic Ki67 level were significant, and the optimal
cutoff value was 55%. Receiver operating characteristic
(ROC) analysis showed that when pretherapeutic Ki67 levels
greater than 55% were used for prediction of RFS, the area
under the curve (AUC) was 0.53 (P = 0.075), the sensitivity
was 37.5% and the specificity was 81.7% (Figure 2B). For the
postsurgical Ki67 level after NAC, 2 out of 6 cut points were
significant, and the optimal cutoff value was 25% (Figure 2C).
When a postsurgical Ki67 level larger than 25% was used for
predicting RFS, the AUC was 0.65 (P = 0.002), the sensitivity
was 65.6%, and the specificity was 68.3% (Figure 2D).
Regarding the Ki67 change during NAC, 4 out of 12 cut
points were significant, and the optimal cutoff value was
12.5% (Figure 2E). When a Ki67 decrease > 12.5% was used
as a predictor for negative RFS, the AUC was 0.6 (P = 0.015),
the sensitivity was 56.7% and the specificity was 71.9%
(Figure 2F).

Univariate survival analysis

All patients were followed until July 2016, and the median

follow-up time was 44 (range 5 to 80) months. At the end of
the follow-up time, 32 (34.8%) patients had presented local
recurrence or distant metastasis, and 22 (23.9%) patients had
died of breast cancer (Supplementary Table S1).

According to the optimal cutoffs for the Ki67 levels, the
postsurgical Ki67 level and the decrease in the Ki67 level were
applied to the survival analysis. As shown in Figure 3A,
patients with postsurgical Ki67 levels < 25% had a
significantly longer RES than those with postsurgical Ki67
levels > 25% (P = 0.004). The average RFS times of patients
were 65 (95% CI: 58-73) months and 44 (95% CI: 35-53)
months, respectively (Table 2). The 5-year RFS rates were
76.5% and 47.9%, respectively. Patients with a Ki67
expression decrease > 12.5% had significantly longer RFS
compared to those with a Ki67 expression decrease < 12.5%
(as shown in Figure 3C, P = 0.007). The average RFS times of
patients were 66 (95% CI: 59-74) months and 46 (95% CI:
37-54) months, respectively (Table 2). The 5-year RES rates
were 78.1% and 51.0%, respectively. Other variables that
correlated with RFS in the univariate analysis included
histological grade (P = 0.008), ER status (P = 0.005), and PR
status (P = 0.029) (Table 2). There were no statistically
significant differences related to RFS in terms of age,
menstrual status, clinical tumor stage, clinical lymph node
stage, pathologic tumor stage, pathologic lymph node stage,
histologic type, Her-2 status or molecular subtype (P > 0.05).

Moreover, patients with postsurgical Ki67 levels < 25%
had longer BCSS compared to those with postsurgical Ki67
levels > 25% (P = 0.014) (Figure 3B). The average BCSS
times of patients were 71 (95% CI: 65-77) months and 56
(95% CI: 49-64) months, respectively (Table 3). The 5-year
BCSS rates were 85.8% and 61.2%, respectively. As shown in
Table 3, other variables that correlated with BCSS in the
univariate analysis were histological grade (P = 0.023) and ER
status (P = 0.006). The molecular subtype had marginal
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Figure 2 Analysis of different optimal cutoff for three parameters of Ki67 levels as predictors for relapse-free survival (RFS). (A) Odds ratio

(OR) for the probability of RFS in dependence of cutoff point of pretherapeutic Ki67 value. Vertical line marked the optimal cutoff value of

55%. (B) Receiver operating curve (ROC) for determining the optimal cutoff value of pretherapeutic Ki67 in predicting RFS. (C) OR for the

probability of RFS in dependence of cutoff point of postsurgical Ki67 value. Vertical line marked the optimal cutoff value of 25%. (D) ROC

for determining the optimal cutoff value of postsurgical Ki67 in predicting RFS. (E) OR for the probability of RFS in dependence of cutoff

point of Ki67 change levels. Vertical line marked the optimal cutoff value of 12.5%. (F) ROC for determining the optimal cutoff value of Ki67

change in predicting RFS. The plots were calculated by the online biostatistical tool Cutoff Finder18.

significance in relation to BCSS (P = 0.051). There were no
statistically significant differences related to BCSS in terms of

age, menstrual status, clinical tumor stage, clinical lymph

node stage, pathologic tumor stage, pathologic lymph node
stage, histologic type, PR status, Her-2 status or Ki67 change
(P> 0.05).
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Figure 3 Survival analysis of postsurgical Ki67 level and change in Ki67 level during NAC. (A) Postsurgical Ki67 level was associated with
relapse-free survival (RFS). (B) Postsurgical Ki67 level was associated with breast cancer-specific survival (BCSS). (C) Ki67 expression decrease > 12.5%
was associated with RFS. (D) Ki67 expression decrease > 12.5% was not associated with BCSS.

Multivariate survival analysis

In a multivariate analysis, the Ki67 expression change
(> 12.5% vs. <12.5%) and histological grade (grade 3 wvs.
grade 1-2) were the independent factors for RES (P = 0.020
and P = 0.023, respectively), with HR values of 0.353 (95%
CI: 0.147-0.850) and 3.422 (95% CI: 1.188-9.858), respectively
(Table 2). However, only histological grade (grade 3 vs. grade
1-2) was an independent factor related to BCSS (P = 0.042),
with an HR of 3.579 (95% CI: 1.046-12.238) (Table 3).

Discussion

NAC is increasingly used in the management of breast

cancer. One of the topics of interest in NAC addresses the
issue of exploring reliable prognostic and predictive markers.
At present, most of the studies have focused on pCR
associated with Ki67 expression. Only a few studies have
investigated Ki67 expression in residual disease after NAC.
Although the outcomes in patients with minimal residual
cancer burden after NAC were not inferior to pCR patients,
the prognosis of other patients with residual lesions remains
unclear. NAC can provide an opportunity for evaluating the
three parameters of Ki67 expression, the pretherapeutic Ki67
level, postsurgical Ki67 level and change in the Ki67 level
during NAC. There have been very few studies about the role
of the three parameters of the Ki67 level in prognosis during
NAC. It is certainly necessary to investigate the relationship
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Table 2 Associated characteristics with relapse-free survival by uni- and multi-variate survival analysis
Univariate analysis Multivariate analysis
Characteristics
Mean survival (months) (95% CI) Log rank P HR (95% CI) P

Age (years) 2.034 0.154

<50 51 (41-60)

> 50 61 (53-69)
Menstrual status 1.927 0.165

Premenopausal 51 (42-60)

Postmenopausal 61 (53-70)
Clinical tumor stage 0.001 0.985

cT1-2 57 (48-65)

cT3-4 53 (44-63)
Clinical lymph node stage 2919 0.088

cNO-1 66 (55-77) 1

cN2-3 52 (45-60) 1.554 (0.563-4.291) 0.395
Pathologic tumor stage 0.287 0.592

yT1-2 58 (50-65)

yT3-4 50 (38-63)
Pathologic lymph node stage 0.195 0.658

yNO 60 (45-74)

yN1-3 55 (48-62)
Histological grade 9.630 0.008*

1-2 67 (59-75) 1

3 49 (40-57) 3422 (1.188-9.858) 0.023*

Unclearly 57 (57-57)
Histologic type 1.921 0.166

Invasive ductal carcinoma 56 (49-62)

Other 57 (57-57)
ER 8.005 0.005*

Negative 42 (32-53) 1

Positive 63 (56-70) 0.477 (0.127-1.792) 0.273
PR 4765 0.029*

Negative 46 (37-55) 1

Positive 63 (55-71) 0.795 (0.208-3.042) 0.738
Her-2 1.591 0.207

Negative 60 (52-67)

Positive 50 (39-61)
Postsurgical Ki67 8.526 0.004*

< 25% 65 (58-73) 1

Continued
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Continued
Univariate analysis Multivariate analysis
Characteristics
Mean survival (month) (95% CI) Log rank P HR (95% CI) P
> 25% 44 (35-53) 1.093 (0.449-2.664) 0.844
Ki67 decrease 7.327 0.007*
<12.5% 46 (37-54) 1
> 12.5% 66 (59-74) 0.353 (0.147-0.850) 0.020*
Molecular subtype 5.875 0.118
HR(+)/Her-2(-) 62 (54-70)
HR(+)/Her-2(+) 62 (46-77)
HR(-)/Her-2(+) 43 (29-56)
TN 41 (23-58)

*P < 0.05 was considered statistically significant. Abbreviations: ER, estrogen receptor; Her-2, human epidermal growth factor receptor 2;
HR(+), hormonal receptor (+); PR, progestrone receptor; TN, triple negative.

Table 3 Associated characteristics with breast cancer-specific survival by uni- and multi-variate survival analysis

Univariate analysis Multivariate analysis
Characteristics
Mean survival (month) (95% CI) Log rank P HR (95% CI) P

Age (years) 0.114 0.736

<50 65 (57-72)

> 50 67 (60-73)
Menstrual status 1.488 0.223

Premenopausal 63 (55-70)

Postmenopausal 69 (62-76)
Clinical tumor stage 0.733 0.392

cT1-2 68 (61-74)

13-4 63 (55-71)
Clinical lymph node stage 2221 0.136

cNO-1 72 (65-80)

cN2-3 63 (57-70)
Pathologic tumor stage 2.215 0.137

yT1-2 68 (62-73)

yT3-4 59 (48-71)
Pathologic lymph node stage 1.610 0.205

yNO 73 (64-82)

yN1-3 64 (58-70)
Histological grade 5.139 0.023*

1-2 73 (67-80) 1

3 61 (54-68) 3.579 (1.046-12.238)  0.042*

Unclearly 57 (57-57)

Continued
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Continued

Univariate analysis

Characteristics

Multivariate analysis

Mean survival (month) (95% CI) Log rank P HR (95% CI) P

Histologic type 1.243 0.265

Invasive ductal carcinoma 65 (60-70)

Other 57 (57-57)
ER 7.609 0.006*

Negative 54 (45-63) 1

Positive 71 (65-76) 0.467 (0.042-5.207) 0.536
PR 2.832 0.092

Negative 58 (50-65) 1

Positive 69 (63-75) 2.170 (0.220-21.410)  0.507
Her-2 1.032 0.310

Negative 67 (61-74)

Positive 61 (53-70)
Postsurgical Ki67 5.992 0.014*

< 25% 71 (65-77) 1

> 25% 56 (49-64) 1.771 (0.649-4.832) 0.265
Ki67 decrease 0.566 0.452

<12.5% 64 (56-71) 1

> 12.5% 68 (61-75) 0.898 (0.349-2.311) 0.824
Molecular subtype 7.766 0.051

HR(+)/Her-2(-) 70 (64-76) 1

HR(+)/Her-2(+) 70 (60-80) 0.662 (0.122-3.603) 0.633

HR(-)/Her-2(+) 54 (42-65) 2.591 (0.200-33.574)  0.466

TN 49 (33-65) 2.500 (0.172-36.273)  0.502

*P < 0.05 was considered statistically significant. Abbreviations: ER, estrogen receptor; Her-2, human epidermal growth factor receptor 2;
HR (+), hormonal receptor (+); PR, progestrone receptor; TN, triple negative.

between these three Ki67 values and prognosis more
thoroughly.

The optimal cutoffs for the use of three Ki67 values as
prognostic factors in patients with residual disease currently
remains uncertain. In this study, the optimal cutoff values for
the pretherapeutic Ki67 level, postsurgical Ki67 level and
Ki67 level change during NAC were 55%, 25% and 12.5%,
respectively. In the ROC analysis, only the postsurgical Ki67
level and the decrease in the Ki67 level had significance for
predicting RFS. Most of the Ki67 cutoff values in previous
studies were determined through a dichotomy of direct
calculations?%-22, whereas the optimal cutoffs of the Ki67 level
parameters in this study were acquired from an online
biostatistical calculator, which is more appropriate and
reliable from a methodological and statistical point of view!8.

Which of the three Ki67 variables is the most significant
for prognosis is undetermined. Numerous studies have
reported that the prechemotherapy Ki67 level was the
most significant predictor of therapeutic response and
prognosis?3-2. Our unpublished data demonstrated that
higher Ki67 levels in core needle biopsy samples were
associated with good therapeutic responses. Consistent with
previous reports, high pretherapeutic Ki67 levels were
significantly associated with pCR, but these levels were not
significantly related to RFS or OS?4. In line with this finding,
Denkert and colleagues found that the core needle biopsy
Ki67 level was not associated with either RFS or OS over a
wide range of cutoff values in non-pCR patients!'?. Our data
showed that the prechemotherapeutic Ki67 level had no
significant association with RFS when using the optimal
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cutoff value. Therefore, we concluded that high Ki67
expression in the core needle biopsy was more likely a
predictor of good responsiveness to chemotherapy, but not a
prognostic predictor.

Whether the post-chemotherapy Ki67 level was a marker
for predicting outcome in patients with residual disease was
still undefined. A recent study showed that the Ki67
expression level in residual tumor tissue was correlated with
patient prognosis, and those with lower Ki67 expression after
chemotherapy had a better prognosis than those with higher
Ki67 expression?’. Several studies also demonstrated that
higher Ki67 expression in the postsurgical specimen was
independently associated with poorer RES and OS compared
to low Ki67 expression®23. In these studies, post-treatment
Ki67 expression level was found to be more useful for
predicting outcomes than either the pretherapy Ki67 value or
the change in the Ki67 value during NAC. These findings
were also supported by other studies'4?°. Although similar to
the above outcomes, our study showed that high postsurgical
Ki67 levels were significantly related to RES and BCSS in
univariate survival analysis, but were not significant in
multivariate survival analysis. Consistent with our result,
another investigator found that the postsurgical Ki67 level
was not an independent factor for survival??-32. Our results
found that only the histological grade of the tumor was
independently associated with RFS and BCSS by Cox
regression analysis.

In the present study, we observed that the Ki67 level was
obviously decreased after NAC, which was consistent with
several published studies?:31:33:34 Moreover, the Ki67 level
was significantly decreased in the no relapse or metastasis
group compared to that in the relapse or metastasis group. A
recent study supported our result and confirmed that
patients with higher Ki67 values in the postsurgical specimen
were more prone to metastasis, particularly in the short term
after surgery'3. This phenomenon might be explained by
several previous studies in which good NAC responders often
exhibited reduced Ki67 expression'431. Thus, we speculated
that the cancer cells sensitive to chemotherapy were mostly
killed during NAC, and consequently, those patients showed
low or no Ki67 expression in their residual cancer cells.

It has been reported that high pretherapy Ki67 levels are
stronger predictors for good therapeutic response and poor
markers for prognosis?3-2°. This conflicting result may be
partly due to the highly proliferative cancer cells being
sensitive to drugs and killed by chemotherapy. Consequently,
patients with a reduction in Ki67 expression can obtain a
better treatment benefit. In this study, we demonstrated that
the Ki67 expression change during NAC was an independent

predictor for RFS. In agreement with our findings,
Matsubara et al. found that the Ki67 expression decrease
during NAC was an independent prognostic factor for RFS,
but pre- and post-treatment Ki67 levels were not
independently correlated with prognosis in a multivariate
analysis®. Their further investigation indicated that the Ki67
expression change was an independent prognostic marker for
RFS in the Luminal B (HR positive, Her-2 negative and Ki67 >
14%), TN, and Her-2(+) subtypes. Taken together, these data
may suggest that if a tumor belongs to the group with no
apparent response to NAC, no apparent change or an
increased in the Ki67 level may be an indicator of
unfavorable prognosis. The selection of patients with residual
disease at high risk after NAC is crucial to tailoring a more
accurate individualized therapy, such as the administration of
an LHRH analogue for premenopausal HR(+) patients,
extension of targeted therapy for Her-2(+) patients, and
administration of Capecitabine, which significantly increased
OS in Her-2(-) patients with residual disease3>.

The present study also has certain limitations. First, this
was a retrospective study with a small sample size. A Cox
regression of the log hazard ratio based on a sample of 92
cases with a standard deviation of 0.502 achieves 72.2%
power at a 0.05 significance level to detect a regression
coefficient equal to —1.0410, which might compromise the
study results. Second, although most patients (85.9%)
received anthracycline- and taxane-based chemotherapy
regimens, only 2 patients received trastuzumab as a
neoadjuvant targeted therapy. This might influence the
postsurgical Ki67 level and then affect the change in the Ki67
level. Finally, not all the Her-2(+) patients received
trastuzumab as adjuvant targeted treatment because of
economic status. This aspect might compromise the survival
results.

Conclusions

A larger Ki67 expression decrease was one of the independent
factors associated with favorable RFS in patients with residual
disease after NAC. Our results suggested that both biopsy
Ki67 and postsurgical Ki67 levels were important and
provided different information for clinical practice. The
postsurgical Ki67 level may be important to identify patients
with  highly
pretherapeutic Ki67 level can be a good predictor for

proliferative  residual  disease,  while
therapeutic responsiveness. We rationalized that the pivotal
role of the change in the Ki67 level can act to integrate the
intrinsic prognostic information and the benefit-related

information from treatment. Our findings need to be further
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validated in a large cohort.
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Supplementary materials
Table S1 Patients characteristics Continued
Characteristics Mean + SD/median n (%) Characteristics Mean + SD/median n (%)
Age (years) 51 (28-80) ER
Female 92 (100.0) Negative 32 (34.8)
Menstrual status Positive 60 (65.2)
Premenopausal 48 (52.2) PR
Postmenopausal 44 (47.8) Negative 40 (43.5)
Primary tumor size (mm) 475 + 20.0 Positive 52 (56.5)
Clinical tumor stage Her-2
cT1-2 54 (58.7) Negative 61 (66.3)
cT3-4 38 (41.3) Positive 31(33.7)
Clinical lymph node stage Pretherapeutic Ki67 (%) 30 (1-80) 92 (100.0)
cNO-1 24 (26.1) Postsurgical Ki67 (%) 20 (0-80) 92 (100.0)
cN2-3 68 (73.9) Molecular subtype
Clinical stage HR(+)/Her-2(-) 51 (55.4)
I 1(1.1) HR(+)/Her-2(+) 12 (13.0)
A 44 (47.8) HR(-)/Her-2(+) 19 (20.7)
1B 19 (20.7) TN 10 (10.9)
1c 28 (30.4) Chemotherapy regime
Pathological tumor stage A+T 79 (85.9)
ypT1-2 70 (76.1) A 11 (11.9)
ypT3-4 22 (23.9) Other 2(2.2)
Pathological lymph stage Recurrence or metastasis
ypNO 17 (18.5) Yes 32 (34.8)
ypN1-3 75 (81.5) No 60 (65.2)
Pathological stage Died for breast cancer
I 9(9.8) Yes 22 (23.9)
I 20 (21.6) No 70 (76.1)
A 34 (37.0) A, anthracyclines based; A+T, anthracyclines + taxane based; ER,
estrogen receptor; Her-2, human epidermal growth factor
8 11(12.0) receptor 2; HR, hormone receptor; PR, progestrone receptor; SD,
e 18 (19.6) standard deviation; TN, triple negative.
Histological grade
1-2 30 (32.6)
3 58 (63.1)
Unclearly 4(4.3)

Continued
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Figure S1 Changes in Ki67 levels between core needle biopsy and surgical specimens. (A) Changes in Ki67 levels before and after

neoadjuvant chemotherapy in all patients. (B) Changes in Ki67 levels before and after neoadjuvant chemotherapy stratifying by with or
without relapse or metastasis.



