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Prediction of Treatment Response to Neoadjuvant
Chemotherapy in Breast Cancer by Subtype
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Abstract. Background/Aim: Recent interest has focused on
the significance of tumor-infiltrating lymphocytes (TILs) on the
efficacies and outcomes of the treatment in breast cancer (BC).
Based on the recent international recommendation to
standardize the evaluation method, the clinical validity and
utility of TILs in patients who underwent neoadjuvant
chemotherapy (NAC) were investigated in the present study.
Patients and Methods: TILs were evaluated in 177 patients
with BC treated with NAC and subsequent curative surgery.
The correlation between TILs evaluated according to the
standard method and prognosis, including the efficacy of NAC,
was investigated retrospectively. Results: In the high-TIL group
(n=96) compared to the low-TIL group (n=81), triple-negative
breast cancer (TNBC) (p<0.001) and human epidermal growth
factor receptor 2-enriched breast cancer (HER2BC) (p=0.040)
were significantly more frequent, and the pathological complete
response (pCR) rate was significantly higher (p=0.003).
Among patients with TNBC and those with HER2BC, the pCR
rate was significantly higher in the high-TIL group than in the
low-TIL group (p=0.013 and p=0.014, respectively).
Multivariable analysis also showed that high-TIL status was
an independent factor predicting favorable prognosis (hazard
ratio(HR)=0.24, p=0.023 and HR=0.13, p=0.036). Biopsy
specimens from local recurrence after successful NAC
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frequently showed TILs decreased. Conclusion: TILs may be a
biomarker for predicting treatment response to NAC in patients
with TNBC and HER2BC. A decrease in TILs may also be
associated with tumor recurrence.

Monitoring the immunological response to cancer in the
microenvironment of the interaction between tumor and the
body plays an important role in predicting treatment response
and outcomes (1, 2). Recent interest has focused on the
morphological evaluation of tumor-infiltrating lymphocytes
(TILs) in breast cancer (BC) and on the evidence showing their
clinical relevance (3-6). Loi and Denkert et al. showed that the
combination analysis of TILs and immune-related gene mRNA
of cancer cells was useful in predicting the response to
carboplatin-based neoadjuvant chemotherapy (NAC) in BC (4).
Two phase III Eastern Cooperative Oncology Group (ECOG)
trials have also shown a positive correlation between TILs and
favorable outcomes of the treatements (3). This usefulness has
been shown to be enhanced in triple-negative breast cancer
(TNBC) and human epidermal growth factor receptor 2
(HER2)-positive BC (5-7), and differences in immunological
responses based on subtype have been suggested.

The concept of immune editing has recently been
proposed (8). BC has not conventionally been regarded as a
cancer that develops due to abnormal immune function (9).
However, programmed cell death-1 (PD-1) and programmed
death-ligand-1 (PDL-1) expression are reported to be
correlated with outcomes in BC (10-12), and this is expected
to play an important role in tailor-made management in BC
by further systemic therapy.

No consensus has yet been reached on standard methods
for pathological evaluation of TILs. Therefore, methods of
evaluation have differed in reports showing the clinical
relevance of TILs (13-15). An International Working Group
(2014) announced recommendations for evaluating TILs in
an effort to improve consistency and reproducibility (16). We
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believe that the number of TILs may become a predictive
marker in NAC of TNBC and human epidermal growth
factor receptor 2-enriched breast cancer (HER2BC) in which
immunoreactivity is high. Furthermore, we hypothesized that
a change of TILs before and after NAC contributes to
recurrence. In this study, the clinical validity and utility of
TILs in NAC were investigated based on this
recommendation with a stratified analysis by BC subtype.
Changes in TILs after recurrence, which have seldom been
reported to date (17), are also discussed.

Materials and Methods

Patient background. A total of 177 patients with resectable, early-stage
BC diagnosed as stage IIA (T1, N1, MO or T2, NO, M0), IIB (T2, N1,
MO or T3, NO, MO0), or IITA (T1-2, N2, MO or T3, N1-2, MO) were
treated with NAC between 2007 and 2013. Tumor stage and T and N
factors were stratified based on the Seventh Edition of the TNM
Classification of Malignant Tumors (18). Breast cancer was confirmed
histologically by core needle biopsy (CNB) and staged by systemic
imaging studies using computed tomography (CT), ultrasonography
(US), and bone scintigraphy. BC was classified into subtypes
according to the immunohistochemical expression of estrogen receptor
(ER), progesterone receptor (PR), HER2, and Ki67. The cutoffs for
ER positivity and PR positivity were both >0% positively stained
tumor cells with nuclear staining. Hormone receptor-positive breast
cancer (HRBC) was defined as ER-positive with/without PgR
positivity. Tumors with 3+ HER2 on immunohistochemical staining
were considered to show HER?2 overexpression; tumors with 2+ HER2
were further analyzed by fluorescence in situ hybridization; and those
with HER2/CEP17 22.0 were also considered to exhibit HER2
overexpression (19). Ki67-labeling index with =14% of tumor cells
with nuclear staining was considered positive.

All patients received a standardized protocol of NAC consisting
of four courses of FEC100 (500 mg/m?2 fluorouracil, 100 mg/m?
epirubicin, and 500 mg/m2 cyclophosphamide) every 3 weeks,
followed by 12 courses of 80 mg/m? paclitaxel administered weekly
(20, 21). Patients with HER2-positive BC were additionally
administered trastuzumab weekly (2 mg/kg) or tri-weekly (6 mg/kg)
during paclitaxel treatment (22). All patients underwent
chemotherapy as outpatients. Therapeutic antitumor effects were
assessed according to the Response Evaluation Criteria in Solid
Tumors (RECIST) (23). Patients underwent mastectomy or breast-
conserving surgery after NAC. All patients who underwent breast-
conserving surgery were administered postoperative radiotherapy to
the remnant breast. Overall survival (OS) time was the period from
the initiation of NAC to the time of death from any cause. Disease-
free survival (DFS) was defined as freedom from all local,
locoregional, and distant recurrence. All patients were followed up
by physical examination every 3 months, US every 6 months, and
CT and bone scintigraphy annually. The median follow-up period
was 3.4 years (range=0.6-6 years) for the assessment of OS and 3.1
years (range=0.1-6 years) for DFS. The study protocol was
approved by the Ethics Committee of Osaka City University (#926).
Written, informed consent was obtained from all participants.

Histopathological evaluation. The pathological effect of

chemotherapy was assessed for resected primary tumors after NAC.
Pathological complete response (pCR) was defined as the complete
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disappearance of the invasive components of the lesion with or
without intraductal components, including the lymph nodes
according to the National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-18 protocol (24). Histopathological assessment
of predictive factors was made for CNB specimens at the time of
BC diagnosis. Histopathological parameters examined included
nuclear grade, histological type, presence of TILs, apoptosis, and
correlation of these parameters with intrinsic subtypes and pCR.

Histopathological analysis of the percentage of TILs was
evaluated on a single full-face hematoxylin and eosin-stained tumor
section using criteria described by Salgado et al. (16). TILs were
defined as the infiltrating lymphocytes within tumor stroma and
expressed as a proportion of the field investigated (15, 16, 25, 26),
and the number of TILs in stroma surrounding the stained cancer
cells was quantitatively measured in each field under x400
magnification. Areas of in situ carcinoma and crush artifacts were
not included. Proportional scores were defined as 3, 2, 1, and O if
the area of stroma with lymphoplasmacytic infiltration around
invasive tumor cell nests was >50%, >10-50%, <10%, and absent,
respectively (Figure 1). A score of =2 was considered positive for
TILs, whereas scores of 1 and O were considered negative.
Histopathological evaluation of TILs was jointly performed by two
breast pathologists who were blinded to clinical information,
including treatment allocation and outcomes.

Statistical analysis. Statistical analysis was performed using SPSS
version 190 statistical software package (IBM, Armonk, NY, USA).
The associations between TILs and clinicopathological variables
were examined using chi-squared tests. Multivariable analysis of
pCR was carried out using a binary logistic regression model. The
Kaplan—Meier method was used to estimate DFS, and OS, and the
results were compared between groups with log-rank tests. The Cox
proportional hazards model was used to compute univariable and
multivariable hazard ratios (HR) for the study parameters with 95%
confidence interval (CI), and used in a backward stepwise method
for variable selection in multivariate analyses. p-Values of less than
0.05 were considered significant. Cutoff values for different
biomarkers included in this study were chosen before statistical
analysis.

Results

Clinicopathological responses of primary BC to NAC. The BC
subtypes among the 177 patients who received NAC were
TNBC in 61 (34.5%), HER2BC in 36 (20.3%), and HRBC in
80 (45.2%) patients. Treatment response was pCR in 67
(37.9%) and non-pCR in 110 (62.1%) patients. Based on
subtype, pCR was achieved in 28 (45.9%) patients with TNBC,
18 (50.0%) with HER2BC, and 21 (26.3%) with HRBC.

TILs in all BC. TILs were determined in every sample and
ranged from 0 to 96% (mean=14; median=16; standard
deviation=5). The proportions of TILs were categorized into
high and low groups using a cut-off value of 10%. There were
96 (54.2%) patients in the high-TIL group and 81 (45.8%)
patients in the low-TIL group. Patients were divided into
high-TIL and low-TIL groups, and the clinicopathological
characteristics of each group were examined.
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Figure 1. Histopathological evaluation. Histopathological analysis of the percentage of tumor-infiltrating lymphocytes (TILs) was performed on a
single full-face hematoxylin and eosin-stained tumor section. TILs were defined as the percentage of tumor stroma containing infiltrating
lymphocytes. Proportional scores were defined as 3, 2, 1, and 0 when the area of stroma with lymphoplasmacytic infiltration around invasive tumor
cell nests was >50% (A); >10-50% (B); <10% (C), and absent (D), respectively.

Compared to the low-TIL group, TNBC (p<0.001) and
HER2BC (p<0.001) were significantly more frequently found,
HRBC (p<0.001) was significantly less frequently identified,
and Ki67 (p=0.005) and the pCR rate (p=0.003) were observed
to be significantly higher in the high-TIL group. No correlation
was observed with other clinicopathological factors (Table I)
(Figure 2). DFS (p=0.018, log-rank) and OS (p=0.027, log-
rank) were significantly longer in the high-TIL group than in
the low-TIL group (Figure 3A and B). On univariable analysis
for recurrence, the high-TIL group showed more favorable
prognosis than the low-TIL group (p=0.022, HR=0.42).
Multivariable analysis also demonstrated that high-TIL status
was an independent factor indicating significantly more
favorable prognosis of the patients compared with those with
a low-TIL status (p=0.036, HR=0.45) (Table II).

TILs in TNBC. Among the 61 patients with TNBC, 48
(78.7%) were in the high-TIL group, and 13 (21.3%) were

in the low-TIL group. The pCR rate was significantly higher
(»=0.013) in the high-TIL group than in the low-TIL group
(Table IIT). Outcome analysis showed significantly longer
DFS (p=0.001) and OS (p=0.001) in the high-TIL group
than that in the low-TIL group (Figure 3C and D). In patients
with TNBC, those of the high-TIL group demonstrated
significantly lower likelihood of recurrence by univariable
(p=0.004, HR=0.18) and multivariable analysis (p=0.023,
HR=0.24) (Table II).

TILs in HER2BC. Among the 36 patients with HER2BC, 25
(69.4%) were in the high-TIL group, and 11 (30.6%) were in
the low-TIL group. The rates of elevated Ki67 index (p=0.047)
and pCR (p=0.014) were significantly higher in the high-TIL
group than in the low-TIL group (Table III). Outcome analysis
showed a significantly longer DFS (p=0.007) in the high-TIL
group than in the low-TIL group, but OS (p=0.055) was not
significantly different (Figure 3E and F). On univariable
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Table 1. Correlation between clinicopathological features and tumor-
infiltrating lymphocytes (TILs) in 177 cases of breast cancer.

Parameter TILs (n=177) p-Value
High (n=96) Low (n=81)

Age at operation

<56 Years 46 (47.9%) 41 (50.6%)

>56 Years 50 (52.1%) 40 (49.4%) 0.720
Menopausal

No 38 (39.6%) 34 (42.0%)

Yes 58 (60.4%) 47 (58.0%) 0.747
Tumor size

<2 cm 16 (16.7%) 8 (9.9%)

>2 cm 80 (83.3%) 73 (90.1%) 0.189
Lymph node status

Negative 23 (24.0%) 18 (22.2%)

Positive 73 (76.0%) 63 (77.8%) 0.785
Nuclear grade

1,2 71 (74.0%) 66 (81.5%)

3 25 (26.0%) 15 (18.5%) 0.233
Ki67

<1% 31 (32.3%) 43 (53.1%)

>14% 65 (67.7%) 38 (46.9%) 0.005
Intrinsic subtype

TNBC 48 (50.0%) 13 (16.0%)

Non-TNBC 48 (50.0%) 68 (84.0%) <0.001
Intrinsic subtype

HER2BC 25 (26.0%) 11 (13.6%)

Non-HER2BC 71 (74.0%) 70 (86.4%) 0.040
Intrinsic subtype

HRBC 23 (24.0%) 57 (70.4%)

Non-HRBC 73 (76.0%) 24 (29.6%) <0.001
Pathological response

pCR 46 (47.9%) 21 (25.9%)

Non-pCR 50 (52.1%) 60 (74.1%) 0.003

TNBC, Triple-negative breast cancer; HER2BC, human epidermal
growth factor receptor 2-enriched breast cancer; HRBC, hormone
receptor-positive breast cancer; pCR, pathological complete response.

analysis for recurrence, high-TIL status was a good prognostic
factor (p=0.026, HR=0.12). Multivariable analysis also showed
that high-TIL status was an independent good prognostic factor
(p=0.036, HR=0.13) (Table II).

TILs in HRBC. Among the 80 patients with HRBC, 23
(28.7%) were in the high-TIL group, and 57 (71.3%) were
in the low-TIL group. No correlation was found between
TILs and any clinicopathological factor in patients with
HRBC (Table III). Nor was there any correlation with
outcomes (Table II; Figure 3G and H).

Changes in TILs after recurrence. Thirty patients (16.9%)
had recurrence. These included 11 (36.7%) high-TIL group
patients and 19 (63.3%) low-TIL group patients. Among
high-TIL group patients with a recurrence, four had achieved
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a pCR by initial NAC. Biopsy specimens in eight patients
with local recurrence who originally had high TILs showed
TILs had decreased in three with TNBC and two with
HER2BC (Table 1V). However, no changes in TILs were
seen in the three patients with HRBC patients.

Discussion

Cancer cells have various gene abnormalities that allow them
to proliferate spontaneously and survive, but their
surrounding microenvironment also influences cancer cells
and is involved in the intrinsic characteristics of cancer (2).
The tumor immune environment not only influences the
effects of immunotherapy, but also the effects of other
anticancer drugs and treatment outcomes (27, 28). Thus, the
importance of inhibiting and improving the tumor immune
microenvironment is now recognized. Although infiltration
of immunocytes is seen in tumor tissues, the production of
immunosuppressive substances and induction of inhibitory
immune cells, including regulatory T-cells and myeloid-
derived suppressor cells, leads to immunosuppression and
tumor immune escape (29, 30).

Many anticancer drugs have immunosuppressive effects and
are not very compatible with immunotherapy. However,
immunological enhancement and immunosuppression
elimination are possible. The mechanism of antitumor immune
enhancement by anticancer drug therapy involves:
improvement of immune escape on the cancer cell side (27,
31); induction of immunogenic death of cancer cells (27, 32);
and improvement of immune escape on the host side (33, 34).
The present study included patients treated with NAC using the
same regimen (FEC followed by paclitaxel with/without
trastuzumab). To improve immune escape on the cancer cell
side, 5-fluorouracil and paclitaxel improve the sensitivity to
cytotoxic T-lymphocytes (27, 31). In addition, the alkylating
agent cyclophosphamide and anthracycline drugs induce
immunogenic death of tumor cells, or so-called highly
immunogenic death (27, 32). Moreover, in order to improve
immune escape on the host side, paclitaxel inhibition of
regulatory T-cells and 5-fluorouracil inhibition of myeloid-
derived suppressor cells have been reported (33, 34). In other
words, this regimen as a standard for NAC in BC plays a role
in enhancing the immune response based on these mechanisms.

TILs are a marker for the immune response to the tumor,
and TILs are a prognostic factor in some cancer types,
including predicting treatment response (3-6). The BIGO2-
98, FinHER, ECOG2197, and ECOG1199 phase III trials in
BC have shown that TILs are predictive of the response to
NAC in TNBC and HER2-positive BC (3-6). In the BIG02-
98 trial of anthracycline-only chemotherapy in more than
2000 BC specimens, Loi et al. confirmed the prognostic
predictive value of TILs in TNBC (5). In addition, the
FinHER trial in 207 patients with HER2-positive BC showed
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Figure 2. Tumor-infiltrating lymphocytes (TILs) and pathological complete response (pCR) for each breast cancer subtype. Considering the whole cohort
of 177 patients, the pCR rate in the high-TIL group, was observed to be significantly higher compared to the low-TIL group (A), as it was in those with
triple-negative breast cancer (TNBC) (n=61) (B), and human epidermal growth factor receptor 2-enriched breast cancer (HER2BC) (n=36) (C). Among
the 80 patients with hormone receptor-positive breast cancer (HRBC), no significant correlation was found between TILs and pCR rate (D).

that each 10% increase in TILs was associated with a 16%
increase in the pCR rate, and that high TIL values were
correlated with trastuzumab effectiveness (6). Using data
from two ECOG phase III trials, Adams et al. also confirmed
that lymphocyte infiltration in the stroma of TNBC was a
prognostic factor in TNBC (3). These results demonstrated
that TILs were able to predict treatment response only in
TNBC and HER2-positive BC.

The present study also showed TILs as a useful marker to
predict treatment response in TNBC and the HER2BC.
However, TILs did not predict treatment response in HRBC
subtypes. BC has not conventionally been regarded as a cancer
that develops due to abnormal immune function (9). Recent
studies, however, have shown BC to be an immunogenic
tumor (35), and TNBC and HER2BC are now considered

subtypes with high immunoreactivity (6, 7). An association
between immune-related gene expression and TILs was shown
in these subtypes, and among patients receiving NAC, those
with high expression of PD-1 and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) demonstrated high pCR rates
(4). In other words, in TNBC and HER2BC, genes involved
with antitumor immunity were correlated with TILs.

With the accumulation of new evidence regarding TILs,
attention has focused on the non-uniform methods used to
date for pathological evaluation (13-15, 25). Universal
criteria have been advocated for evaluation of inflammatory
cell infiltration around tumors. An International Working
Group (2014) announced recommendations for pathological
evaluation of TILs (16). According to previous reports,
some studies evaluated TILs within the tumor, but many
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also evaluated TILs in the stroma surrounding the tumor.
The current recommendations do not mention the type or
ratio of lymphocytic infiltration, and the average number
of TILs in the entire tumor based on hematoxylin and eosin
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Figure 3. Continued

staining is recommended. The present study evaluated TILs
according to these recommendations, and our observation
were in line with the cumulative observations of the

previous reports.
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Figure 3. Prognostic analysis with tumor-infiltrating lymphocytes (TILs). Analysis of correlation with outcome of patients treated with neoadjuvant
chemotherapy (NAC) showed that disease-free (DFS) and overall (OS) survival in the cohort overall (A and B), and in those with triple-negative
breast cancer (TNBC) (C) and (D) were significantly longer in the high-TIL group than in the low-TIL group. DFS in human epidermal growth
factor receptor 2-enriched breast cancer (HER2BC) was significantly longer in the high-TIL group than in the low-TIL group (D), but OS was not
significantly different (E). No significant difference in DFS (F) or OS (G) was associated with TILs in those with hormone receptor-positive breast
cancer (HRBC).
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Table II. Univariable and multivariable analysis with respect to disease-free survival by breast cancer subtype.

Univariable analysis

Multivariable analysis

Parameter Hazard ratio 95% CI p-Value Hazard ratio 95% CI p-Value
All breast cancer (n=177)

Tumor size (cm) <2 vs.>2 1.06 0.37-3.05 0911

Lymph node status Negative vs. positive 4.16 0.99-17.46 0.052

Nuclear grade 1-2vs. 3 1.03 0.44-2.39 0.954

Ki67 (%) <14 vs.>14 0.65 0.32-1.33 0.238

Pathological response pCR vs. non-pCR 0.61 0.28-1.34 0.217 0.71 0.32-1.56 0.391

TILs High vs. low 0.42 0.20-0.89 0.022 045 0.21-0.95 0.036
TNBC (n=61)

Tumor size (cm) <2 vs.>2 0.55 0.12-2.55 0.444

Lymph node status Negative vs. positive 0.94 0.20-4.36 0.939

Nuclear grade 1-2vs.3 1.55 0.46-5.31 0.482

Ki67 (%) <14 vs.>14 0.74 0.22-2.53 0.630

Pathological response pCR vs. non-pCR 0.23 0.05-1.08 0.063 0.35 0.07-1.73 0.198

TILs High vs. low 0.18 0.05-0.58 0.004 0.24 0.07-0.82 0.023
HER2BC (n=36)

Tumor size (cm) <2 vs.>2 0.69 0.08-6.30 0.744

Lymph node status Negative vs. positive 3.73 0.07-5.05 0414

Nuclear grade 1-2vs.3 0.04 0.01-5.22 0.513

Ki67 (%) <14 vs.>14 0.44 0.07-2.62 0.364

Pathological response PCR vs. non-pCR 0.48 0.08-2.85 0415 0.70 0.11-4.55 0.710

TILs High vs. low 0.12 0.20-0.77 0.026 0.13 0.02-0.88 0.036
HRBC (n=80)

Tumor size (cm) <2 vs.>2 246 0.32-18.84 0.386

Lymph node status Negative vs. positive 3.68 0.15-10.38 0.205

Nuclear grade 1-2vs. 3 1.06 0.30-3.81 0.930

Ki67 (%) <14 vs.>14 0.60 0.21-1.74 0.344

Pathological response PCR vs. non-pCR 1.33 0.44-3.97 0.614 1.33 0.44-4.05 0.612

TILs High vs. low 0.99 0.31-3.17 0.990 1.04 0.32-3.37 0.949

CI, Confidence interval; TILs, tumor-infiltrating lymphocytes; TNBC, triple-negative breast cancer; HER2BC, human epidermal growth factor
receptor 2-enriched breast cancer; HRBC, hormone receptor-positive breast cancer; pCR, pathological complete response.

The present study also evaluated TILs in biopsy
specimens after local recurrence and investigated the
association between TILs and recurrence. In patients with
TNBC and HER2BC who had a recurrence, the number of
TILs decreased, although there were no changes in tumor
subtypes. These findings suggest that a decrease in TILs
might be involved in recurrence in TNBC and HER2BC
after effective treatment with NAC. Decreased tumor cell
immunity in the tumor microenvironment may play a role
in recurrence in these cases. Further studies utilizing
immune markers are necessary to investigate the
involvement of recurrence and change in the tumor
microenvironment. However, as the number of recurrences
were low in the present cohort, this finding should be
investigated in larger studies.

In conclusion, TILs may be a biomarker predicting treatment
response to NAC in patients with TNBC and HER2BC, but not
with HR-positive subtypes of BC. A decrease in TILs may also
be associated with tumor recurrence.
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Table III. Associations between tumor-infiltrating lymphocytes (TILs) and clinicopathological parameters in 61 triple-negative (TNBC), 36 human
epidermal growth factor receptor 2-enriched (HER2BC), and 80 hormone receptor-positive (HRBC) breast cancer cases.

Parameter TNBC (n=61) HER2BC (n=36) HRBC (n=80)
High (n=48) Low (n=13) p-Value High (n=25) Low (n=11) p-Value High (n=23) Low (n=57) p-Value

Age at operation

<56 Years 23 (47.9%) 5 (38.5%) 11 (44.0%) 6 (54.5%) 12 (52.2%) 31 (54.4%)

>56 Years 25 (52.1%) 8 (61.5%) 0.544 14 (56.0%) 5 (45.5%) 0.936 11 (47.8%) 26 (45.6%) 0.857
Menopausal

No 17 (35.4%) 5 (38.5%) 10 (40.0%) 4 (36.4%) 11 (47.8%) 25 (43.9%)

Yes 31 (64.6%) 8 (61.5%) 0.839 15 (60.0%) 7 (63.6%) 0.569 12 (52.2%) 32 (56.1%) 0.747
Tumor size

<2 cm 7 (14.6%) 0 (0.0%) 5 (20.0%) 1 (9.1%) 4 (17.4%) 7 (12.3%)

>2 cm 41 (85.4%) 13 (100.0%) 0.169 20 (80.0%) 10 (90.9%) 0.391 19 (82.6%) 50 (87.7%) 0.391
Lymph node status

Negative 8 (16.7%) 3 (23.1%) 8 (32.0%) 3 (27.3%) 7 (30.4%) 12 (21.1%)

Positive 40 (83.3%) 10 (76.9%) 0.430 17 (68.0%) 8 (72.7%) 0.551 16 (69.6%) 45 (78.9%) 0.372
Nuclear grade

1,2 36 (75.0%) 8 (61.5%) 18 (72.0%) 10 (90.9%) 17 (73.9%) 48 (84.2%)

3 12 (25.0%) 5 (38.5%) 0.265 7 (28.0%) 1(9.1%) 0.210 6 (26.1%) 9 (15.8%) 0.286
Ki67

<14% 14 (29.2%) 4 (30.8%) 9 (36.0%) 8 (72.7%) 8 (34.8%) 31 (54.4%)

>14% 34 (70.8%) 9 (69.2%) 0.580 16 (74.0%) 3 (27.3%) 0.047 15 (65.2%) 26 (45.6%) 0.112
Pathological response

pCR 26 (54.2%) 2 (15.4%) 9 (36.0%) 9 (81.8%) 4 (17.4%) 17 (29.8%)

Non-pCR 22 (45.8%) 11 (84.6%) 0.013 16 (74.0%) 2 (182%) 0.014 19 (82.6%) 40 (70.2%) 0.196
pCR, Pathological complete response.
Table IV. Changes in tumor-infiltrating lymphocytes (TILs) after recurrence.
No. Age, Menopausal Tumor Lymph Intrinsic ~ Pathological Disease-free ~ TILs of CNB  TILs of surgical TILs of CNB

years size node subtype response interval specimens specimens specimens after
(cm) status (years) before NAC after NAC recurrence

1 53 Yes 2.8 Positive TNBC Non-pCR 0.85 High High Low
2 44 No 2.6 Positive TNBC Non-pCR 0.54 High Low Low
3 68 Yes 30 Positive TNBC Non-pCR 0.88 High Low Low
4 58 Yes 2.8 Positive =~ HER2BC Non-pCR 1.95 High High Low
5 71 Yes 1.9 Positive =~ HER2BC Non-pCR 1.76 High Low Low
6 45 No 1.7 Positive HRBC Non-pCR 0.53 High High High
7 47 No 2.3 Positive HRBC Non-pCR 0.57 High High High
8 55 Yes 22 Positive HRBC pCR 1.92 High NA High
9 75 Yes 29 Positive HRBC pCR 1.99 High NA NA
10 46 No 2.5 Positive TNBC pCR 1.41 High NA NA
11 40 No 3.8 Negative TNBC pCR 0.08 High NA NA

TNBC, Triple-negative breast cancer. HER2BC, human epidermal growth factor receptor 2-enriched breast cancer. HRBC, hormone receptor-positive
breast cancer. pCR, pathological complete response. CNB, core-needle biopsy. NAC, neoadjuvant chemotherapy. NA, not available.
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