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Purpose: The aim of this study was to assess the prognostic influence of Ki67 index
changes in patients with primary triple-negative breast cancer (TNBC) treated with
neoadjuvant chemotherapy (NAC), and to evaluate whether the combination of Ki67
index changes and residual disease (RD) tumor-infiltrating lymphocytes (TILs) provides
additional prognostic information for this group.

Materials and Methods: Data from 109 patients with primary TNBC and RD after NAC
were analyzed retrospectively. Ki67 changes and RD TIL levels were investigated for
associations with recurrence-free survival (RFS) and overall survival (OS) using Kaplan—
Meier and Cox analyses.

Results: Ki67 index decreased after NAC in 53 patients (48.6%) and high RD TIL levels
(=80%) were observed in 54 patients (49.5%). In multivariate Cox analyses, no Ki67
decrease status and low RD TIL levels were significantly associated with reduced RFS
(hazard ratio (HR): 2.038, 95% confidence interval (Cl): 1.135-3.658, P = 0.017; HR:
2.493, 95% Cl: 1.335-4.653, P = 0.004), and OS (HR: 2.187, 95% Cl: 1.173-4.077, P =
0.014; HR: 2.499, 95% ClI: 1.285-4.858, P = 0.007), respectively. Notably, low RD TIL
levels were significantly associated with reduced RFS (HR: 3.567, 95% Cl: 1.475-8.624,
P = 0.005) and reduced OS (HR: 3.873, 95% Cl: 1.512-9.918, P = 0.005) in only the no
Ki67 decrease group. The differences in 3-year RFS and OS between patients with no
Ki67 decrease and low or high RD TIL levels were 24.4% vs 79.1% (P = 0.0001) and
33.1% vs 87.5% (P = 0.0001), respectively.
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Ki67 and TILs for TNBC

Conclusion: Ki67 index changes and RD TIL levels were associated with the prognosis of
patients with primary TNBC with RD after NAC. RD TIL levels had greater prognostic
significance in the no Ki67 decrease group.

Keywords: triple-negative breast cancer, Ki67, tumor-infiltrating lymphocytes, neoadjuvant chemotherapy, residual

disease, prognostic factor

INTRODUCTION

Triple-negative breast cancer (TNBC) is a specific subtype with an
aggressive clinical manifestation that accounts for approximately
15-20% of breast cancers. TNBCs tend be a higher clinical stage and
are more prone to recurrence and metastasis than other breast
cancer subtypes (1). Neoadjuvant chemotherapy (NAC) has
become an integral part of the systematic treatment of TNBC. A
major advantage of this strategy is the ability to observe the tumor
response to chemotherapy regimens before surgery (2). Patients
with TNBC who achieve pathological complete response (pCR)
after NAC have better prognosis than those who do not reach
PCR (3, 4); however, numerous patients with TNBC have residual
disease (RD) after NAC, which is associated with a higher risk of
relapse and distant metastasis (5, 6). Novel prognostic biomarkers
that can stratify these patients will be valuable for making
individualized treatment decisions and maximizing therapeutic
efficacy in specific patient groups.

Tumor-infiltrating lymphocytes (TILs) are key tumor
immune-related factors, which can communicate with the
tumor microenvironment and mediate immune responses
against the tumor (7, 8). There is currently significant research
interest in the prognostic impact of TIL levels in patients with
breast cancer. Growing evidence shows that higher pre-
treatment TIL levels are associated with better prognosis in
patients with breast cancer in both neoadjuvant and adjuvant
settings (9-11). Moreover, several studies have evaluated residual
lesions in patients with TNBC and RD after NAC and found that
high RD TIL levels are associated with better relapse-free survival
(RFS) and overall survival (OS) (12, 13). Real-world data from
patients with TNBC in our region may provide new information
regarding the prognostic significance of RD TIL levels.

Ki67 index is an indicator of malignant proliferation activity,
which has been extensively investigated as a prognostic indicator in
breast cancer (14). It is established that the Ki67 index in breast
cancer changes dynamically after NAC, indicating that tumor
proliferation ability may alter following NAC (15, 16). The Ki67
index is closely related to local recurrence and distant metastasis of
breast cancer and there is some evidence that a decreased Ki67 index
after NAC is associated with favorable clinical outcomes (16-18);
however, there have been limited studies on the impact of this
biomarker on the prognosis of patients with TNBC and RD.

The primary objective of the present study was to assess the
independent prognostic influence of changes in Ki67 index in
patients with primary TNBC following NAC. The secondary
objective was to evaluate whether the combination of changes in
Ki67 index and RD TIL levels provides additional prognostic
information for this group.

MATERIALS AND METHODS

Patients and Treatments
In this retrospective study, 180 consecutive female patients with
non-metastatic TNBC treated with NAC at the First Affiliated
Hospital of Chongqing Medical University between November
2012 and August 2018 were assessed. The exclusion criteria were
as follows: (1) patients with previous cancer, concomitant cancer, or
bilateral breast cancer; (2) patients who received <three cycles of
NAC or did not undergo surgery; (3) patients with incomplete
clinical data; (4) patients who achieved pCR after NAC; and (5)
patients with unevaluable RD TIL levels or Ki67 index. Finally, 109
patients were included in this study (Figure 1). All 109 included
patients underwent NAC every 21 days [mean number of cycles: 4
(range, 3-8)]. The majority (90.8%) received an anthracycline plus
taxane regimen. Four patients were treated with a taxane-based
regimen, and six with an anthracycline-based regimen. Medical
records were reviewed to collect clinicopathological data, including
age, menopausal status, tumor size, lymph node involvement,
histological subtype, histological grade, and surgical procedure.
This research was conducted ethically in accordance with the
World Medical Association Declaration of Helsinki and was
approved by the Ethics Committee of the First Affiliated Hospital
of Chongging Medical University (No. 2020-59), who deemed
that written informed consent was not necessary due to the
retrospective nature of this research.

Histological Evaluation and
Immunohistochemistry

All pathological results were re-evaluated independently by two
pathologists with no knowledge of patient outcomes. RD molecular
subtype was confirmed as TNBC in all participants before inclusion.
TNBC was defined as estrogen-receptor (ER), progesterone-
receptor (PR), and human epidermal growth factor receptor 2
(HER2) -negative (19). ER and PR status were considered
negative if <1% of tumor cells were stained, and HER2 status was
considered negative if a score of 0 or 1+ was confirmed by
immunohistochemistry, or no HER2/neu gene amplification was
detected by fluorescence in situ hybridization. pCR was defined as
the absence of residual invasive tumor lesions in any breast tissue or
lymph node (ypTOypNO or ypT0/is ypNO) (20).

Regarding the Ki67 index, between 500 and 1,000 cells were
counted to calculate the percentage of positive tumor cells in the
invasive front of the tumor with nuclear staining, as advised by the
International Ki67 in Breast Cancer Working Group (using
the Global Scoring method) (21). To evaluate changes in Ki67
after NAC, the Ki67 indices were assessed in biopsy specimens
before NAC and surgical specimens after NAC from the same
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TNBC cases with NAC
(n=180)

Excluded cases (n = 26):
Bilateral breast cancer (n = 8)
A history of malignancy (n = 2)

Cases meeting the criteria
(n=154)

Incomplete clinical data (n = 7)
No surgery (n = 5)
< 3 cycles of NAC (n = 4)

Excluded cases (n = 37):

Cases with pathological sections
(n=117)

Achieved pCR

Excluded cases (n = 8):

Cases with assessable TILs
(n=109)

response; TILs, tumor-infiltrating lymphocytes.

Unavailable tissue

FIGURE 1 | Flowchart of patient selection in present study. TNBC, triple-negative breast cancer; NAC, neoadjuvant chemotherapy; pCR, pathological complete

patient. According to the report of Matsubara et al. (22), Ki67
decrease was defined as a decrease in the baseline Ki67 index of >1%
after NAC. Histopathological evaluation of the percentage of TILs
was conducted using hematoxylin and eosin (H&E)-stained
sections from surgical specimens, according to the
recommendations of the International TILs Working Group 2014
(23). Briefly, quantification of TILs in the tumor stroma was
recorded as the percentage of occupied stromal areas (13). Based
on the study of Liu et al. (24), the cut-oft value applied for the
percentage of TILs was 30% (Figure 2).

Follow-Up

Follow-up investigations, including a clinical examination and a
radiological assessment, were performed at regular intervals (3-
month intervals in years 1-3, 6-month intervals in years 4-5, and
12-month intervals in years 6-10 after surgery). Detailed
information on patients with recurrence, metastasis, or death was
accurately recorded. OS and RFS were defined as per the STEEP
classification (25). OS was defined as the length of time from the
date of tumor diagnosis to the date of death from any cause, or to the
date of the last visit. RFS was calculated from the date of surgery to
local, regional, or distant recurrence, or to the date of death from any
cause. The deadline for follow-up was February 1, 2021.

Statistical Analysis

All data were analyzed using SPSS statistics software, version 25.0
(SPSSInc., Chicago, IL, USA). Categorical variables are presented as
numbers and percentages and were compared via Chi-square and
Fisher’s exact tests. The Kaplan—Meier method was used to estimate
the distributions of OS and RFS, and the log-rank test was used to
compare survival distributions among groups. Univariate Cox
proportional hazards models were fit to assess the association
between baseline variables and clinical outcomes. Multivariate

Cox proportional hazards models were fit to assess the
association of each baseline covariate with clinical outcomes,
while adjusting for patient and disease characteristics. Results are
expressed as hazard ratios (HRs) and 95% confidence intervals
(CIs). Statistical significance was defined as a two-sided P
value <0.05.

RESULTS

Patient Characteristics

A total of 109 TNBC cases with evaluable RD TIL levels were eligible
for analysis. Patient baseline characteristics are shown in Table 1.
Mean age was 47.8 years (range: 20-76 years), 41 patients (37.6%)
were postmenopausal and 68 (62.4%) were premenopausal or
perimenopausal. Invasive ductal carcinoma constituted the most
frequent histopathological subtype (90.8%). Excluding 15
unavailable cases, the most common histological grade was II
(53.2%), followed by III (32.1%), and I (0.9%). The majority of
patients (90.8%) received combination anthracycline and taxane
chemotherapy, with mastectomy (98.1%) the most frequent
operation. Before NAC, mean tumor size was 4.7 £ 2.9 c¢m, the
most common tumor size was 2-5 cm (66.1%), followed by >5 cm
(27.5%), and <2 cm (6.4%). Baseline nodal status before NAC was
positive and negative in 69.7 and 30.3% of patients, respectively.
After NAC, mean residual tumor size was 2.9 + 2.1 cm, and the most
common tumor size was <2 cm (47.7%), followed by 2-5 cm
(40.4%), and >5 cm (11.9%). Nodal status after NAC was positive
and negative in 59.6 and 40.4% of patients, respectively. Before
NAC, mean Ki67 index was 36.8% + 22.5%, while after NAC the
corresponding value was 30.6% + 20.9%. Relative to baseline status,
53 patients (48.6%) had a decreased Ki67 index after NAC and high
RD TIL levels (>30%) were observed in 54 patients (49.5%).
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magnification). TILs, tumor-infiltrating lymphocytes.

FIGURE 2 | Representative photomicrographs of TILs in hematoxylin and eosin sections and Ki67 index in immunohistochemical sections in residual disease in
triple-negative breast cancer after neoadjuvant chemotherapy. (A) Low level (<30%) of TILs (x200 magnification). (B) High level >30%) of TILs (x200 magnification).
(C) Low level (<B0%) of TILs (x400 magnification). (D) High level (=30%) of TILs (x 400 magnification). (E) Low level (<14%) of Ki67 index (x200 magnification).

(F) High level (=14%) of Ki67 index (x200 magnification). (G) Low level (<14%) of Ki67 index (x400 magnification). (H) High level (>14%) of Ki67 index (x400

During a median follow-up period of 51 months (range, 1 to 97
months) for RES and 54 months (range, 4 to 101 months) for OS,
there were 48 RFS events and 43 deaths. The 3-year RFS and OS
rates were 69.7 and 72.0%, respectively. Bias due to loss during
follow-up represented 8.26% (nine patients).

Associations of Changes in Ki67 Index and
RD TIL Levels With Clinicopathological
Characteristics

Relative to baseline status, 53 patients (48.6%) had a decreased
Ki67 index after NAC. We compared the clinicopathological

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 668610


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

Ki67 and TILs for TNBC

TABLE 1 | Clinicopathological characteristics of patients (n = 109).

TABLE 2 | The relationship between Ki67 status and other factors.

Characteristics Mean = SD N (%)
Patients 109 (100)
Age at diagnosis (year) 47.8 + 10.5

<50 73 (67.0)
>50 36 (33.0)
Menopausal status

Pre/peri 68 (62.4)
Post 41 (37.6)
Histologic subtype

Ductal 99 (90.8)
Lobular 3(2.8)
Others* 7 (6.4)
Grade

| 1(0.9)
1 58 (63.2)
Il 35 (32.1)
Unknown 15 (13.8)
Neoadjuvant therapy

Anthracycline plus taxane 99 (90.8)
Taxane-based 4 (3.7)
Anthracycline-based 6 (5.5)
Surgery

Mastectomy 107 (98.1)
Conservative surgery 2 (1.9
Tumor size before NAC (cm) 47 +£29

<2 7 (6.4)
2-5 72 (66.1)
>5 30 (27.5)
Nodal status before NAC

Positive 76 (69.7)
Negative 33 (30.3)
Ki67 before NAC (%) 36.8 +22.5

<14 17 (15.6)
14-30 44 (40.4)
>30 48 (44.0)
Residual tumor size (cm) 29+21

<2 52 (47.7)
2-5 44 (40.4)
>5 13 (11.9)
Nodal status after NAC

Positive 65 (59.6
Negative 44 (40.4)
Ki67 after NAC (%) 30.6 +20.9

<14 35 (32.1)
14-30 29 (26.6)
>30 45 (41.3)
Ki67 status

Decrease 53 (48.6
No decrease 56 (51.4
RD TILs level

Low 55 (50.5)
High 54 (49.5)

*Other histological types and distribution were as follows: two medullary carcinoma; two
metaplastic carcinoma; one invasive carcinoma with apocrine differentiated carcinoma;
one sarcomatous carcinoma; one pleotypic carcinoma. SD, standard deviation; NAC,
neoadjuvant chemotherapy; RD, residual disease; TILs, tumor-infiltrating lymphocytes.

features of patient groups with Ki67 decrease and no Ki67
decrease using the chi-square and Fisher’s exact tests. No
differences were identified in age, menopausal status,
histological subtype, histological grade, residual tumor size,
nodal status after NAC, or RD TIL levels (all P >0.05; Table 2).

RD TIL levels were evaluated based on examination of H&E-
stained specimens (Figure 2). High RD TIL levels (=30%) were

Characteristics Ki67 status P

Decrease (n = 53) No decrease (n = 56)

Age at diagnosis (year) 0.840
<50 35 (66.0) 38 (67.9

>50 18 (34.0) 18 (32.1)

Menopausal status 0.711
Pre/peri 34 (64.2 34 (60.7

Post 19 (35.8) 22 (39.3

Histologic subtype 0.927
IDC 48 (90.6) 51(91.1)

No IDC 5(9.4) 5(8.9)

Grade 0.380
] 30 (56.6) 29 (51.8)

Il 14 (26.4) 21 (37.5)

Unknown 9 (17.0) 6 (10.7)

Residual tumor size (cm) 0.571
<2 28 (52.8) 24 (42.9)

2-5 19 (35.8) 25 (44.6)

>5 6(11.3) 7(12.5)

Nodal status after NAC 0.531
Positive 16 (29.1) 28 (561.9

Negative 39 (70.9) 26 (48.1)

RD TILs level 0.504
Low 25 (47.2) 30 (53.6)

High 28 (52.8) 26 (46.4

IDC, invasive ductal carcinoma; NAC, neoadjuvant chemotherapy; RD, residual disease;
TILs, tumor-infiltrating lymphocytes.

detected in 49.5% of cases. Relationships between RD TIL level
(low or high) and clinicopathological characteristics were
assessed using chi-square and Fisher’s exact tests (Table 3).

TABLE 3 | The relationship between TILs and other factors.

Characteristics RD TILs level P
Low (n = 55) High (n = 54)

Age at diagnosis (year) 0.734

<50 36 (65.5) 37 (68.5

>50 19 (34.5) 17 (31.5

Menopausal status 0.786

Pre/peri 35 (63.6) 33 (61.1)

Post 20 (36.4) 21 (38.9

Histologic subtype 0.742

IDC 49 (89.1) 50 (92.6)

No IDC 6(10.9) 4(7.4)

Grade 0.792

=l 28 (560.9) 31 (57.4)

1] 19 (34.5) 16 (29.6)

Unknown 8 (14.5) 7 (18.0)

Residual tumor size (cm) 0.049

<2 21 (38.2) 31 (57.4)

2-5 24 (43.6) 20 (37.0)

>5 10 (18.2) 3(5.6)

Nodal status after NAC 0.015

Positive 16 (29.1 28 (51.9

Negative 39 (70.9 26 (48.1

Ki67 status 0.504

Decrease 25 (45.5) 28 (51.9)

No decrease 30 (54.5) 26 (48.1)

TILs, tumor-infiltrating lymphocytes; RD, residual disease; IDC, invasive ductal
carcinoma; NAC, neoadjuvant chemotherapy.
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High RD TIL levels were significantly associated with residual
tumor size <2 cm (P = 0.049) and negative nodal status after
NAC (P = 0.015). No associations were detected with age,
menopausal status, histologic subtype, histological grade, or
change in Ki67 index (all P >0.05).

Association of Changes in Ki67 Index and
RD TIL Levels With Prognosis

Univariate analyses indicated that there were no significant
associations of age, menopausal status, histological subtype,
histological grade, or residual tumor size with RFS or OS (all
P >0.05; Table 4). Taking into consideration clinical practice and
statistical power, residual tumor size, nodal status after NAC, RD
TIL levels, and Ki67 status were included in multivariate Cox
proportional hazard regression models for RFS and OS. On
multivariate analyses, no Ki67 decrease status, low RD TIL
levels, and positive nodal status after NAC were significantly
associated with reduced RFS, with estimated HR values of 2.038
(95% CI: 1.135-3.658, P = 0.017), 2.493 (95% CI: 1.335-4.653,
P = 0.004), and 3.207 (95% CI: 1.574-6.535, P = 0.001),
respectively (Table 4). Moreover, no Ki67 decrease status, low
RD TIL levels, and positive nodal status after NAC were also
significantly associated with reduced OS, with estimated HR
values of 2.187 (95% CI: 1.173-4.077, P = 0.014), 2.499 (95% CIL
1.285-4.858, P = 0.007), and 3.842 (95% CI: 1.756-8.408, P =
0.001), respectively (Table 4).

TABLE 4 | Univariate and multivariate analyses for RFS and OS in all TNBC patients.

Patients with decreased Ki67 status had higher 3-year RFS
and OS rates compared with patients with no Ki67 decrease
(RFS: 62.8% vs 47.7%, log-rank P = 0.0250; OS: 78.9% vs 58.8%,
log-rank P = 0.0147) (Figures 3A, B). In addition, patients with
low RD TIL levels exhibited reduced 3-year RFS and OS relative
to those with high RD TIL levels (RFS: 41.1% vs 68.8%, log-rank,
P = 0.0002; OS: 53.1% vs 84.6%, log-rank, P = 0.0004)
(Figures 3C, D).

Prognostic Value of RD TIL Levels
According to Ki67 Index Status

In univariate analyses there were no significant associations of
age, menopausal status, histological subtype, histological grade,
or residual tumor size with RFS or OS in either the Ki67 decrease
or no decrease groups (all P >0.05; Tables 5, 6). Taking into
consideration clinical practice and statistical power, residual
tumor size, nodal status after NAC, and RD TIL levels were
included in multivariate Cox proportional hazard regression
models. In the no Ki67 decrease group, low RD TIL levels were
significantly associated with reduced RFS and OS, with estimated
HR values of 3.567 (95% CI: 1.475-8.624, P = 0.005) and 3.873
(95% CI: 1.512-9.918, P = 0.005), respectively. Moreover,
positive nodal status after NAC was significantly associated
with reduced RFS and OS, with estimated HR values of 2.955
(95% CI: 1.167-7.481, P = 0.022) and 3.335 (95% CI: 1.227-
9.068, P = 0.018), respectively (Table 5); however, in the Ki67

Factor RFS oS
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95% ClI P HR 95% ClI P HR 95% ClI P HR 95% ClI P
Age at diagnosis (year) 0.831 0.780
<50 1 1
>50 0.937 0.514-1.707 1.094 0.683-2.052
Menopausal status 0.843 0.783
Pre/peri 1 1
Post 0.942 0.525-1.691 1.090 0.591-2.009
Histologic subtype 0.796 0.509
IDC 1 1
No IDC 1.130 0.447-2.854 1.370 0.538-3.484
Grade
[l 1 1
Il 1.475 0.791-2.748 0.221 1.544 0.799-2.982 0.196
Unknown 1.150 0.495-2.670 0.745 1.147 0.465-2.834 0.766
Residual tumor size (cm) 0.237 0.739 0.121 0.331
<2 1 1
>2 1.414 0.796-2.511 1.625 0.880-3.001
Nodal status after NAC <0.001 0.001 <0.001 0.001
Negative 1 1 1 1
Positive 3.739 1.868-7.527 3.207 1.574-6.535 4.503 2.079-9.754 3.842 1.756-8.408
Ki67 status 0.029 0.017 0.018 0.014
Decrease 1 1 1 1
No decrease 1.910 1.069-3.413 2.038 1.135-3.658 2114 1.138-3.928 2.187 1.173-4.077
RD TILs level <0.001 0.004 0.001 0.007
High 1 1 1 1
Low 2.974 1.612-5.487 2.493 1.335-4.653 3.060 1.592-5.882 2.499 1.285-4.858

RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio,; Cl, confidence interval; IDC, invasive ductal carcinoma,; NAC, neoadjuvant chemotherapy; RD, residual disease; TILs,

tumor-infiltrating lymphocytes.
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All patients
1001 P=0.0250

804

60+

RFS (%)

204 —— Ki67 no decrease

—— Ki67 decrease

c T T T T T T T T 1
0 12 24 36 48 60 72 84 96 108
Time (m)

— 56 35 24 24 11 8 6 4
— 53 46 36 30 21 12 7 7 3

No. at risk

c All patients
1004 P=0.0002

80+
60+

404

RFS (%)

204 —— Low TIL level
—+— High TIL level

)

T T T T T T L § T 1
0 12 24 36 48 60 72 84 96 108
Time (m)

— 55 35 29 19 13 11 7 65 3
— 54 49 42 35 19 9 6 5

No. at risk

decreased group, only positive nodal status after NAC was
associated with reduced RFS and OS, with estimated HR values
of 3.517 (95% CI: 1.165-10.614, P = 0.026) and 4.391 (95% CI:
1.241-15.534, P = 0.022), respectively (Table 6).

In Kaplan-Meier analyses, patients with high RD TIL levels
had significantly better RES and OS rates than those with low RD
TIL levels in the no Ki67 decrease group (RES: log-rank P =
0.0001; OS: log-rank P = 0.0001) (Figures 4A, B). The differences
in 3-year RES and OS between patients with low or high RD TIL
levels were 24.4% vs 79.1% and 33.1% vs 87.5%, respectively;
however, in the Ki67 decrease group, no significant differences in
RFS or OS were detected (RFS: log-rank P = 0.2318; OS: log-rank
P = 0.3436) (Figures 4C, D).

DISCUSSION

In this study, we examined 109 patients with TNBC who did not
achieve pCR after NAC, to investigate the prognostic significance
of changes in Ki67 index and RD TIL levels. We found that no
Ki67 decrease status and low RD TIL levels after NAC were
significantly associated with worse RES and OS in patients with
TNBC and RD. Moreover, the magnitude of the prognostic value
of RD TIL levels differed according to Ki67 status, with the

B
All patients
100+ P=0.0147
80
< 604
3 a0
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FIGURE 3 | RFS and OS outcomes in the whole patient cohort according to the TIL level and the Ki67 status. (A, B) Patients with decreased Ki67 status exhibited
raised 3-year RFS and 3-year OS compared with patients without (RFS: 62.8% vs 47.7%, log-rank, P = 0.0250; OS: 78.9% vs 58.8%, log-rank, P = 0.0147).

(C, D) Patients with low RD TIL levels exhibited reduced 3-year RFS and 3-year OS compared with patients with high RD TIL levels (RFS: 41.1% vs 68.8%, log-rank,
P =0.0002; OS: 53.1% vs 84.6%, log-rank, P = 0.0004). RFS, recurrence-free survival; OS, overall survival; TIL, tumor-infiltrating lymphocyte.

greatest absolute differences observed in patients with no
decrease in Ki67 index.

TIL levels are associated with TNBC patient prognosis, with
high TIL levels linked to better treatment response and clinical
outcomes in both neoadjuvant (9, 26, 27) and adjuvant (28-30)
settings. In a retrospective study involving 375 TNBC RD cases,
Luen et al. (13) reported that RD TIL levels provided
independent and additional prognostic information beyond
pre-treatment TIL levels in patients with primary TNBC
treated with NAC, for both RFS (XZ 9.88, P = 0.002) and OS
(> 8.02, P = 0.005). These findings were supported by other
studies (12, 31). In this study we focused on the prognostic
impact of RD TIL levels in patients with TNBC treated with
NAC. Our results show that low (<30%) RD TIL levels are an
independent prognostic factor associated with reduced RFS and
OS in patients with primary TNBC, with estimated HR values of
2493 (95% CI: 1.335-4.653, P = 0.004) and 2.499 (95% CI:
1.285-4.858, P = 0.007), respectively, consistent with published
studies (12, 13). Moreover, we found that low RD TIL levels were
associated with larger residual tumor size and positive nodal
status. Overall, evidence indicates that low RD TIL levels are
associated with more aggressive tumors, possibly because RD
TIL levels are directly related to the magnitude of host anti-
tumor adaptive immune responses following NAC (13).
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TABLE 5 | Univariate and multivariate analyses for RFS and OS in Ki67 no decrease group.

Factor RFS os
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95% ClI P HR 95% ClI P HR 95% ClI P HR 95% ClI P
Age at diagnosis (year) 0.716 0.786
<50 1 1
>50 0.864 0.393-1.899 1.118 0.500-2.500
Menopausal status 0.690 0.942
Pre/peri 1 1
Post 0.858 0.405-1.819 1.029 0.476-2.223
Histologic subtype 0.801 0.957
IDC 1 1
No IDC 0.857 0.259-2.841 0.967 0.290-3.221
Grade
Sl 1 1
Il 1177 0.540-2.565 0.682 1.225 0.544-2.760 0.624
Unknown 0.722 0.209-2.503 0.608 0.854 0.245-2.981 0.805
Residual tumor size (cm) 0.664 0.441 0.816 0.950
<2 1 1
>2 0.850 0.409-1.769 1.096 0.508-2.366
Nodal status after NAC 0.008 0.022 0.002 0.018
Negative 1 1 1 1
Positive 4.020 1.623-9.957 2.955 1.167-7.481 4.641 1.746-12.339 3.335 1.227-9.068
RD TILs level 0.001 0.005 0.001 0.005
High 1 1 1 1
Low 4.577 1.932-10.841 3.567 1.475-8.624 5.093 2.033-12.755 3.873 1.512-9.918

RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; IDC, invasive ductal carcinoma, NAC, neoadjuvant chemotherapy; RD, residual disease; TILs,
tumor-infiltrating lymphocytes.

TABLE 6 | Univariate and multivariate analyses for RFS and OS in Ki67 decrease group.

Factor RFS 0os
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95% ClI P HR 95% ClI P HR 95% ClI P HR 95% ClI P
Age at diagnosis (year) 0.873 0.817
<50 1 1
>50 1.079 0.425-2.742 1.127 0.409-3.104
Menopausal status 0.995 0.900
Pre/peri 1 1
Post 1.003 0.395-2.549 1.067 0.387-2.943
Histologic subtype 0.558 0.314
IDC 1 1
No IDC 1.550 0.357-6.721 2.151 0.484-9.555
Grade
[l 1 1
Il 1.739 0.618-4.895 0.295 1.889 0.609-5.862 0.271
Unknown 1.935 0.595-6.290 0.273 1.755 0.462-6.669 0.409
Residual tumor size (cm) 0.064 0.055 0.093 0.079
<2 1 1
>2 2.420 0.950-6.161 2.391 0.865-6.611
Nodal status after NAC 0.026 0.026 0.022 0.022
Negative 1 1 1 1
Positive 3.517 1.165-10.614 3.517 1.165-10.614 4.391 1.241-15.534 4.391 1.241-15.534
RD TILs level 0.248 0.397 0.350 0.457
High 1 1
Low 1.711 0.688-4.257 1.602 0.596-4.309

RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio,; Cl, confidence interval; IDC, invasive ductal carcinoma,; NAC, neoadjuvant chemotherapy; RD, residual disease; TILs,
tumor-infiltrating lymphocytes.
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Many previous investigations have shown that breast cancer
Ki67 index status changes after NAC (15, 16). In this study, we
also detected differences in Ki67 index before and after NAC;
48.6% of residual tumors exhibited a decrease in Ki67 index after
NAC. Furthermore, we explored the correlation between pre-
NAC Ki67 index and Ki67 changes after NAC and found that
decreased Ki67 status was related to high Ki67 index before NAC
(Table S1; P = 0.014). Decreased Ki67 index after NAC has been
reported as significantly associated with better prognosis in
patients with breast cancer (16, 18, 32); however, prognostic
information regarding Ki67 changes is limited in patients with
TNBC and RD, and other studies (17, 18) showed that decreased
Ki67 expression after NAC had clear prognostic significance in
patients with TNBC and RD although, unfortunately, they did
not provide the results of multivariate analysis of the TNBC
group. Hence, our study may provide some new information.
During median follow-up periods of 51 and 54 months for RFS
and OS, respectively, we found that no Ki67 decrease status after
NAC was significantly associated with worse RFS and OS in
patients with TNBC and RD. In multivariate Cox analyses, no
Ki67 decrease status was significantly associated with reduced
RFS (HR: 2.038, 95% CI: 1.135-3.658, P = 0.017) and OS (HR:
2.187, 95% CI: 1.173-4.077, P = 0.014). In Kaplan-Meier
analyses, patients with decreased Ki67 status had higher 3-year
RFS and OS rates than patients without (RFS: 62.8% vs 47.7%,
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FIGURE 4 | RFS and OS outcomes in the Ki67 no decrease and decrease groups according to the TIL level. (A, B) In Ki67 no decrease group, Patients with low
RD TIL levels exhibited reduced 3-year RFS and 3-year OS compared with patients with high RD TIL levels (RFS: 24.4% vs 79.1%, log-rank, P = 0.0001; OS: 33.1%
vs 87.5%, log-rank, P = 0.0001). (C, D) In Ki67 decrease group, no significant differences were showed in RFS and OS graphs (RFS: log-rank, P = 0.2418; OS: log-
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rank, P = 0.3436). RFS, recurrence-free survival; OS, overall survival; TIL, tumor-infiltrating lymphocyte.

log-rank P = 0.0250; OS: 78.9% vs 58.8%, log-rank P = 0.0147). In
contrast, a retrospective study of 435 patients with breast cancer
who did not achieve pCR after standard NAC with anthracycline
and paclitaxel reported no prognostic significance of Ki67
changes in the TNBC group (32); the difference between these
findings and our data may be due to differences in sample source
and the definition of Ki67 decrease.

Interestingly, in this investigation we observed that the
prognostic significance of RD TIL levels differed markedly
according to Ki67 status in patients with TNBC who received
NAC. In the no Ki67 decrease group, low RD TIL levels were
significantly associated with reduced RFS and OS, with estimated
HR values of 2.733 (95% CI: 1.122-6.658, P = 0.027) and 4.114
(95% CI: 1.335-12.673, P = 0.014), respectively; however, this is in
contrast with the lack of significant prognostic influence of RD TIL
levels in the Ki67 decrease group (P >0.05). The relationship
between Ki67 changes and RD TIL levels remains somewhat
unclear. We explored the correlation between RD TIL level and
Ki67 status after NAC, and found that there was no significant
statistical correlation between the two factors (Table 3; P = 0.504).
A larger patient sample may be required to further explore this
correlation. In addition, we found that RD TIL level had stronger
prognostic significance in the no Ki67 decrease group. We suspect
that this finding may be related to changes in tumor proliferation
and the tumor microenvironment that occur after NAC. TIL levels
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reflect the tumor immune microenvironment, and high TIL levels
in RD may indicate a strong anti-tumor immune response after
NAC. Ki67 index reflects the ability of tumor cells to proliferate.
No decrease in Ki67 status after NAC may reflect a limited effect of
NAC on tumor proliferative capacity and activity, and the
observed prognostic correlation with high RD TIL levels is
logical in this context. Increased understanding of the
interactions between cancer cell proliferation regulation and
tumor immune responses may advance treatment of TNBC in
the future.

This study has some limitations. First, the sample size was
small and patients were recruited from a single center; therefore,
selection bias was unavoidable. Second, due to the amount of
work and the retrospective nature of this study, we evaluated RD
based on tumor size and nodal status, which is less robust than
modern methods, such as residual cancer burden index. Third, in
our study cohort, four patients had a potential follow-up period
of <36 months (range, 30-35 months). Therefore, a large-scale,
multi-center, prospective validation study, with longer follow-up
period is needed to further clarify the results of this study.

CONCLUSION

In summary, in this study we found that decreased Ki67 index
and high RD TIL levels were associated with superior RES and
OS in patients with primary TNBC and RD following NAC.
Larger positive effects of TILs on RFS and OS were observed in
patients with no Ki67 decrease status. Hence, assessment of Ki67
index changes and RD TIL levels after NAC could provide
valuable prognostic information for patients with TNBC.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First Affiliated Hospital

REFERENCES

1. Dent R, Trudeau M, Pritchard KI, Hanna WM, Kahn HK, Sawka CA, et al.
Triple-Negative Breast Cancer: Clinical Features and Patterns of Recurrence.
Clin Cancer Res (2007) 13(15):4429-34. doi: 10.1158/1078-0432.CCR-06-
3045

2. Kaufmann M, Von Minckwitz G, Mamounas EP, Cameron D, Carey LA,
Cristofanilli M, et al. Recommendations From an International Consensus
Conference on the Current Status and Future of Neoadjuvant Systemic
Therapy in Primary Breast Cancer. Ann Surg Oncol (2012) 19(5):1508-16.
doi: 10.1245/s10434-011-2108-2

3. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al.
Pathological Complete Response and Long-Term Clinical Benefit in Breast
Cancer: The CTNeoBC Pooled Analysis. Lancet (2014) 384(9938):164-72.
doi: 10.1016/S0140-6736(13)62422-8

of Chongqing Medical University. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

YiW was responsible for original conception and design, analysis
of data, search of the literature, correction, and editorship of the
manuscript. BZ was responsible for original conception,
acquisition of clinical data, correction, and English editing. YY
was responsible for acquisition and re-evaluation of pathological
sections, analysis of pathological data, and search of the
literature. YuW, RC, ZT, and MH were responsible for
acquisition of clinical data, correction, and English editing. SL
was responsible for design, English editing, correction, and
approval of the final version. All authors contributed to the
article and approved the submitted version.

FUNDING

This work was supported by the National Natural Science
Foundation of China under Grant number 81272265.

ACKNOWLEDGMENTS

We thank the patients who participated in this study
and the pathologists who assisted in the assessment of
pathology sections.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
668610/full#supplementary-material

4. Von Minckwitz G, Untch M, Blohmer J-U, Costa SD, Eidtmann H, Fasching
PA, et al. Definition and Impact of Pathologic Complete Response on
Prognosis After Neoadjuvant Chemotherapy in Various Intrinsic Breast
Cancer Subtypes. ] Clin Oncol (2012) 30(15):1796-804. doi: 10.1200/
JCO.2011.38.8595

5. Groheux D, Hindié E, Giacchetti S, Delord M, Hamy A-S, de Roquancourt A,
et al. Triple-Negative Breast Cancer: Early Assessment With 18F-FDG PET/
CT During Neoadjuvant Chemotherapy Identifies Patients Who are Unlikely
to Achieve a Pathologic Complete Response and are at a High Risk of Early
Relapse. ] Nucl Med (2012) 53(2):249-54. doi: 10.2967/jnumed.111.094045

6. Gabani P, Merfeld E, Srivastava AJ, Weiner AA, Ochoa LL, Mullen D, et al.
Predictors of Locoregional Recurrence After Failure to Achieve Pathologic
Complete Response to Neoadjuvant Chemotherapy in Triple-Negative Breast
Cancer. J Natl Compr Cancer Network (2019) 17(4):348-56. doi: 10.6004/
jncen.2018.7103

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 668610


https://www.frontiersin.org/articles/10.3389/fonc.2021.668610/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.668610/full#supplementary-material
https://doi.org/10.1158/1078-0432.CCR-06-3045
https://doi.org/10.1158/1078-0432.CCR-06-3045
https://doi.org/10.1245/s10434-011-2108-2
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1200/JCO.2011.38.8595
https://doi.org/10.1200/JCO.2011.38.8595
https://doi.org/10.2967/jnumed.111.094045
https://doi.org/10.6004/jnccn.2018.7103
https://doi.org/10.6004/jnccn.2018.7103
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

Ki67 and TILs for TNBC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Tomioka N, Azuma M, Ikarashi M, Yamamoto M, Sato M, Watanabe K-i,

et al. The Therapeutic Candidate for Immune Checkpoint Inhibitors
Elucidated by the Status of Tumor-Infiltrating Lymphocytes (Tils) and
Programmed Death Ligand 1 (PD-L1) Expression in Triple Negative Breast
Cancer (TNBC). Breast Cancer (2018) 25(1):34-42. doi: 10.1007/s12282-017-
0781-0

. Okabe M, Toh U, Iwakuma N, Saku S, Akashi M, Kimitsuki Y, et al. Predictive

Factors of the Tumor Immunological Microenvironment for Long-Term
Follow-Up in Early Stage Breast Cancer. Cancer Sci (2017) 108(1):81-90.
doi: 10.1111/cas.13114

. Denkert C, von Minckwitz G, Darb-Esfahani S, Lederer B, Heppner BI, Weber

KE, et al. Tumour-Infiltrating Lymphocytes and Prognosis in Different
Subtypes of Breast Cancer: A Pooled Analysis of 3771 Patients Treated
With Neoadjuvant Therapy. Lancet Oncol (2018) 19(1):40-50. doi: 10.1016/
$1470-2045(17)30904-X

Loi S, Drubay D, Adams S, Francis P, Joensuu H, Dieci M, et al. Abstract S1-
03: Pooled Individual Patient Data Analysis of Stromal Tumor Infiltrating
Lymphocytes in Primary Triple Negative Breast Cancer Treated With
Anthracycline-Based Chemotherapy. Cancer Res (2016) 76(4 Suppl):
Abstract nr S1-03. doi: 10.1158/1538-7445.SABCS15-51-03

West NR, Milne K, Truong PT, Macpherson N, Nelson BH, Watson PH.
Tumor-Infiltrating Lymphocytes Predict Response to Anthracycline-Based
Chemotherapy in Estrogen Receptor-Negative Breast Cancer. Breast Cancer
Res (2011) 13(6):R126. doi: 10.1186/bcr3072

Dieci M, Criscitiello C, Goubar A, Viale G, Conte P, Guarneri V, et al.
Prognostic Value of Tumor-Infiltrating Lymphocytes on Residual Disease
After Primary Chemotherapy for Triple-Negative Breast Cancer: A
Retrospective Multicenter Study. Ann Oncol (2014) 25(3):611-8. doi:
10.1093/annonc/mdt556

Luen S, Salgado R, Dieci M, Vingiani A, Curigliano G, Gould R, et al.
Prognostic Implications of Residual Disease Tumor-Infiltrating
Lymphocytes and Residual Cancer Burden in Triple-Negative Breast Cancer
Patients After Neoadjuvant Chemotherapy. Ann Oncol (2019) 30(2):236-42.
doi: 10.1093/annonc/mdy547

Polley M-YC, Leung SC, McShane LM, Gao D, Hugh JC, Mastropasqua MG,
et al. An International Ki67 Reproducibility Study. J Natl Cancer Institute
(2013) 105(24):1897-906. doi: 10.1093/jnci/djt306

Tokuda E, Horimoto Y, Arakawa A, Himuro T, Senuma K, Nakai K, et al.
Differences in Ki67 Expressions Between Pre-and Post-Neoadjuvant
Chemotherapy Specimens Might Predict Early Recurrence of Breast Cancer.
Hum Pathol (2017) 63:40-5. doi: 10.1016/j.humpath.2017.02.005

Chen C, Zhang Y, Huang Z, Wu J, Huang W, Zhang G. Decrease in the Ki67
Index During Neoadjuvant Chemotherapy Predicts Favorable Relapse-Free
Survival in Patients With Locally Advanced Breast Cancer. Cancer Biol Med
(2019) 16(3):575. doi: 10.20892/.issn.2095-3941.2018.0423

Matsubara N, Mukai H, Masumoto M, Sasaki M, Naito Y, Fujii S, et al.
Survival Outcome and Reduction Rate of Ki-67 Between Pre-and Post-
Neoadjuvant Chemotherapy in Breast Cancer Patients With non-Pcr. Breast
Cancer Res Treat (2014) 147(1):95-102. doi: 10.1007/s10549-014-3084-6
Montagna E, Bagnardi V, Viale G, Rotmensz N, Sporchia A, Cancello G, et al.
Changes in PgR and Ki-67 in Residual Tumour and Outcome of Breast Cancer
Patients Treated With Neoadjuvant Chemotherapy. Ann Oncol (2015) 26
(2):307-13. doi: 10.1093/annonc/mdu528

Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thiirlimann B, Senn HJ,
et al. Strategies for Subtypes-Dealing With the Diversity of Breast Cancer:
Highlights of the St. Gallen International Expert Consensus on the Primary
Therapy of Early Breast Cancer 2011. Ann Oncol (2011) 22(8):1736-47. doi:
10.1093/annonc/mdr304

Mazouni C, Peintinger F, Wan-Kau S, Andre F, Gonzalez-Angulo AM,
Symmans WF, et al. Residual Ductal Carcinoma in Situ in Patients With
Complete Eradication of Invasive Breast Cancer After Neoadjuvant
Chemotherapy Does Not Adversely Affect Patient Outcome. J Clin Oncol
(2007) 25(19):2650-5. doi: 10.1200/JCO.2006.08.2271

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Dowsett M, Nielsen TO, A’Hern R, Bartlett J, Coombes RC, Cuzick J, et al.
Assessment of Ki67 in Breast Cancer: Recommendations From the
International Ki67 in Breast Cancer Working Group. J Natl Cancer Institute
(2011) 103(22):1656-64. doi: 10.1093/jnci/djr393

Matsubara N, Mukai H, Fujii S, NJ W. Different Prognostic Significance of Ki-
67 Change Between Pre- and Post-Neoadjuvant Chemotherapy in Various
Subtypes of Breast Cancer. Breast Cancer Res Treat (2013) 137(1):203-12. doi:
10.1007/s10549-012-2344-6

Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, Pruneri G, et al.
The Evaluation of Tumor-Infiltrating Lymphocytes (Tils) in Breast Cancer:
Recommendations by an International Tils Working Group 2014. Ann Oncol
(2015) 26(2):259-71. doi: 10.1093/annonc/mdu450

Liu S, Duan X, Xu L, Xin L, Cheng Y, Liu Q, et al. Optimal Threshold for
Stromal Tumor-Infiltrating Lymphocytes: Its Predictive and Prognostic Value
in HER2-positive Breast Cancer Treated With Trastuzumab-Based
Neoadjuvant Chemotherapy. Breast Cancer Res Treat (2015) 154(2):239-49.
doi: 10.1007/s10549-015-3617-7

Hudis CA, Barlow WE, Costantino JP, Gray RJ, Pritchard KI, Chapman J-
AW, et al. Proposal for Standardized Definitions for Efficacy End Points in
Adjuvant Breast Cancer Trials: The STEEP System. J Clin Oncol (2007) 25
(15):2127-32. doi: 10.1200/JC0O.2006.10.3523

Ono M, Tsuda H, Shimizu C, Yamamoto S, Shibata T, Yamamoto H, et al.
Tumor-Infiltrating Lymphocytes are Correlated With Response to
Neoadjuvant Chemotherapy in Triple-Negative Breast Cancer. Breast
Cancer Res Treat (2012) 132(3):793-805. doi: 10.1007/s10549-011-1554-7
Russo L, Maltese A, Betancourt L, Romero G, Cialoni D, de la Fuente L, et al.
Locally Advanced Breast Cancer: Tumor-Infiltrating Lymphocytes as a
Predictive Factor of Response to Neoadjuvant Chemotherapy. Eur ] Surg
Oncol (2019) 45(6):963-8. doi: 10.1016/j.ejs0.2019.01.222

Leon-Ferre RA, Polley M-Y, Liu H, Gilbert JA, Cafourek V, Hillman DW, et al.
Impact of Histopathology, Tumor-Infiltrating Lymphocytes, and Adjuvant
Chemotherapy on Prognosis of Triple-Negative Breast Cancer. Breast Cancer
Res Treat (2018) 167(1):89-99. doi: 10.1007/s10549-017-4499-7

Loi S, Michiels S, Salgado R, Sirtaine N, Jose V, Fumagalli D, et al. Tumor
Infiltrating Lymphocytes are Prognostic in Triple Negative Breast Cancer and
Predictive for Trastuzumab Benefit in Early Breast Cancer: Results From the
FinHER Trial. Ann Oncol (2014) 25(8):1544-50. doi: 10.1093/annonc/
mdull2

Pruneri G, Vingiani A, Bagnardi V, Rotmensz N, De Rose A, Palazzo A, et al.
Clinical Validity of Tumor-Infiltrating Lymphocytes Analysis in Patients
With Triple-Negative Breast Cancer. Ann Oncol (2016) 27(2):249-56. doi:
10.1093/annonc/mdv571

Pinard C, Debled M, Ben Rejeb H, Velasco V, Tunon de Lara C, Hoppe S, et al.
Residual Cancer Burden Index and Tumor-Infiltrating Lymphocyte Subtypes
in Triple-Negative Breast Cancer After Neoadjuvant Chemotherapy. Breast
Cancer Res Treat (2020) 179(1):11-23. doi: 10.1007/s10549-019-05437-z
Cabrera-Galeana P, Mufoz-Montaio W, Lara-Medina F, Alvarado-
Miranda A, Peérez-Sanchez V, Villarreal-Garza C, et al. Ki67 Changes Identify
Worse Outcomes in Residual Breast Cancer Tumors After Neoadjuvant
Chemotherapy. Oncologist (2018) 23(6):670. doi: 10.1634/theoncologist.2017-
0396

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Wang, Zong, Yu, Wang, Tang, Chen, Huang and Liu. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 668610


https://doi.org/10.1007/s12282-017-0781-0
https://doi.org/10.1007/s12282-017-0781-0
https://doi.org/10.1111/cas.13114
https://doi.org/10.1016/S1470-2045(17)30904-X
https://doi.org/10.1016/S1470-2045(17)30904-X
https://doi.org/10.1158/1538-7445.SABCS15-S1-03
https://doi.org/10.1186/bcr3072
https://doi.org/10.1093/annonc/mdt556
https://doi.org/10.1093/annonc/mdy547
https://doi.org/10.1093/jnci/djt306
https://doi.org/10.1016/j.humpath.2017.02.005
https://doi.org/10.20892/j.issn.2095-3941.2018.0423
https://doi.org/10.1007/s10549-014-3084-6
https://doi.org/10.1093/annonc/mdu528
https://doi.org/10.1093/annonc/mdr304
https://doi.org/10.1200/JCO.2006.08.2271
https://doi.org/10.1093/jnci/djr393
https://doi.org/10.1007/s10549-012-2344-6
https://doi.org/10.1093/annonc/mdu450
https://doi.org/10.1007/s10549-015-3617-7
https://doi.org/10.1200/JCO.2006.10.3523
https://doi.org/10.1007/s10549-011-1554-7
https://doi.org/10.1016/j.ejso.2019.01.222
https://doi.org/10.1007/s10549-017-4499-7
https://doi.org/10.1093/annonc/mdu112
https://doi.org/10.1093/annonc/mdu112
https://doi.org/10.1093/annonc/mdv571
https://doi.org/10.1007/s10549-019-05437-z
https://doi.org/10.1634/theoncologist.2017-0396
https://doi.org/10.1634/theoncologist.2017-0396
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Ki67 Index Changes and Tumor-Infiltrating Lymphocyte Levels Impact the Prognosis of Triple-Negative Breast Cancer Patients With Residual Disease After Neoadjuvant Chemotherapy
	Introduction
	Materials and Methods
	Patients and Treatments
	Histological Evaluation and Immunohistochemistry
	Follow-Up
	Statistical Analysis

	Results
	Patient Characteristics
	Associations of Changes in Ki67 Index and RD TIL Levels With Clinicopathological Characteristics
	Association of Changes in Ki67 Index and RD TIL Levels With Prognosis
	Prognostic Value of RD TIL Levels According to Ki67 Index Status

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


