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Prognostic Role and Clinical Association of Tumor-Infiltrating
Lymphocyte, Programmed Death Ligand-1 Expression with NeutrophilLymphocyte Ratio in Locally Advanced Triple-Negative Breast Cancer
Purpose
Tumor-infiltrating lymphocyte (TIL), programmed death-ligand 1 (PD-L1) expression and neutrophil-to-lymphocyte ratio (NLR) is associated to immunogenicity and prognosis of breast
cancer. We analyzed baseline NLR, changes of NLR, TIL, and PD-L1 during neoadjuvant
chemotherapy (NAC) and their clinical implication in triple-negative breast cancer (TNBC).
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Materials and Methods
Between January 2008 to December 2015, 358 TNBC patients were analyzed. Baseline
NLR, 50 paired NLR (initial diagnosis, after completion of NAC) and 34 paired tissues (initial
diagnosis, surgical specimen after completion of NAC) were collected. Changes of TIL, CD4,
CD8, forkhead box P3 (FOXP3), and PD-L1 expression were assessed with immunohistochemical stain.

Division of Medical Oncology,
Department of Internal Medicine,
College of Medicine, The Catholic University
of Korea, Seoul, 2Cancer Research Institute,
The Catholic University of Korea, Seoul,
3
Department of Hospital Pathology, College
of Medicine, The Catholic University
of Korea, Seoul, Korea
1

+ Correspondence:
+ + + + + + +Ahwon
+ + + Lee,
+ +MD,
+ +PhD
++++
+ Department
+ + + + + of+ Hospital
+ + + +Pathology,
++++++++
+ College
+ + + of+ Medicine,
+ + + + The
+ + + + + +University
++++
+ of
+ Korea,
+ + +222
+ +Banpo-daero,
+ + + + Catholic
+Seocho-gu,
+++++++
+++++++++++++++++++
+ Seoul
+ + +06591,
+ + Korea
+++++++++++++
Tel:
82-2-2258-1621
+++++++++++++++++++
+ Fax:
+ +82-2-2258-1627
++++++++++++++++
+ E-mail:
+ + + klee@catholic.ac.kr
+++++++++++++++
+++++++++++++++++++
+ Received
+ + + +May
+ +10,+ 2018
+++++++++++
+ Accepted
+ + + + July
+ +26,+ 2018
+++++++++++
+ Published
+ + + + Online
+ + + July
+ +31,+ 2018
++++++++
+++++++++++++++++++

Results
Low NLR ( 3.16) was associated to superior survival (overall survival: 41.83 months vs.
36.5 months, p=0.002; disease-free survival [DFS]: 37.85 months vs. 32.14 months,
p=0.032). Modest NLR change after NAC (–30% < NLR change < 100%) showed prolonged
DFS (38.37 months vs. 22.37 months, p=0.015). During NAC, negative or negative conversion of tumor PD-L1 expression was associated to poor DFS (34.77 months vs. 16.03
months, p=0.037), and same or increased TIL showed trends for superior DFS, but without
statistical significance. Positive tumor PD-L1 expression (H-score  5) in baseline or postNAC tissue was associated to superior DFS (57.6 months vs. 12.5 months, p=0.001 and
53.3 months vs. 18.9 months, p=0.040). Positive stromal PD-L1 expression in baseline
was also associated to superior DFS (50.2 months vs. 20.4 months, p=0.002).
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Conclusion
In locally advanced TNBC, baseline NLR, changes of NLR during NAC was associated to survival. Baseline PD-L1 expression and changes of PD-L1 expression in tumor tissue during
NAC also showed association to prognosis.

Introduction
Triple-negative breast cancer (TNBC) accounts for 10 to
20% of total breast cancer and is defined as absence of estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor-2 (HER-2) expression by immunohistochemical stain. Compared to other subtypes, TNBC
│ https://www.e-crt.org │
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shows relatively poorer outcome due to its aggressive clinical
behavior and lack of optimal molecular target for effective
treatment [1]. Molecular profiling may more accurately predict the prognosis and response to chemotherapy of TNBC
[2], but genomic profiling is not routinely feasible in clinical
setting [3]. Other than genomic analysis, various clinical, laboratory and pathologic parameters are assessed for convenient prediction of chemotherapy response and overall progCopyright ⓒ 2019 by the Korean Cancer Association
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nosis of TNBC.
Inflammation is traditionally known to be associated with
oncogenesis and progression in various malignancies. Systemic inflammation and local immune response both reflect
prognosis of many solid cancers, and cross-talk between two
immune response is suspected in progression of malignancies [4]. Neutrophil-lymphocyte ratio (NLR) represents systemic inflammation, and there are various reports supporting NLR reflects prognosis in solid cancers [4], including
breast cancer [3,5,6]. In locally advanced breast cancer, pretreatment NLR is reported to be associated with superior
response to neoadjuvant chemotherapy (NAC) and diseasefree survival (DFS) [3,7]. Tumor-infiltrating lymphocyte (TIL)
is suggested to represent anti-tumor immune response in
tumor environment and associated with prognosis in various
cancers including breast cancer [8-10]. In breast cancer
patients who receive NAC, the presence of TIL and the
changes of T cell marker is reported to be associated to
patients’ prognosis [11]. Programmed cell death receptor 1
(PD-1), programmed cell death receptor ligand-1 (PD-L1) is
one of a major molecule regulating T-cell activation and
immune surveillance [12]. PD-L1 is expressed in both tumor
cell and stroma, with heterogeneous distribution between
cancers, including breast cancer [13]. PD-L1 expression is
reported to be correlated to TIL and response to NAC in
breast cancer [14] and other literatures report that expression
of PD-L1 may be associated to prognosis in breast cancer, but
with conflicting results [15,16].
The association of NLR, TIL, or PD-L1 with clinicopathologic parameters or survival outcomes were previously studied in various cancers [5-7,9,10,17]. NLR, TIL, and PD-L1
expression in breast cancer each has been studied as predictive or prognostic marker for estimating the response of
NAC, DFS, or overall survival (OS) in various literatures
[3,7,14,17]. Among NLR, TIL, and PD-L1, the role or NLR
was most extensively studied in breast cancer, but the patient
population was heterogeneous with mixture of subtypes or
commonly studied in hormone receptor positive breast cancer [3,6,7]. The expression or changes of TIL during chemotherapy is traditionally known to be associated to tumor
response in breast cancer [18], and the association between
TIL and PD-L1 expression among tumor tissues are recently
updated, but with heterogeneous reports and analyses methods [14,17,19,20]. Additionally, the role of PD-L1 in predicting prognosis and tumor response in breast canceris reported
with conflicting results [20,21]. The interaction between systemic inflammatory marker such as NLR and local inflammatory marker such as TIL or PD-L1 has not been studied
in-depth previously. Immunogenicity and related tumor
response and prognosis is becoming more important in
breast cancer, and administration of NAC may potentiate the
changes of immunogenicity in breast cancer population.
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Therefore, we investigated the role of NLR, TIL, and PD-1 in
homogeneous TNBC patient population.
In this study, we primarily analyzed the association of
NLR with survival outcomes in early or locally advanced
TNBC. Furthermore, the association between clinical outcomes, TIL and PD-L1 was analyzed in subgroup of patients
who received NAC. Interrelationship between NLR, TIL,
CD4+ TIL, CD8+ TIL, forkhead box P3 (FOXP3)+ TIL, and PDL1 expression was also studied among NAC patients.

Materials and Methods
1. Patients
From January 2007 to December 2015, the medical records
of 358 patients who were diagnosed as TNBC in Seoul St.
Mary’s Hospital were retrospectively reviewed. All patients
were pathologically diagnosed as stage I to III and received
adequate local, systemic treatment. Triple negative breast
cancer was defined as ER, PR, and HER2 all negative by
American Society of Clinical. Oncology–College of American
Pathologists guideline [22,23]; ER and PR negative defined
as < 1% tumor cells displaying nuclear staining. HER2 negativity defined as HER2 immunohistochemistry 0/1 (no
staining, faint/barely perceptible membrane staining, or
weak incomplete membrane staining in < 10% of invasive
tumor cells) or HER2 silver in situ hybridization negative
(Dual-probe HER2/Chr17 ratio < 2.0 with an average HER2
copy number < 4.0 signals/cell). Among 358 patients, 50
patients received NAC. Baseline complete blood count (CBC)
was collected before surgical treatment. The other eligible
criteria were as follows: (1) adequate bone marrow function
without hematologic disease; (2) patients who regularly followed up in Seoul St. Mary’s Hospital. In 50 patients who
received NAC, baseline CBC was collected at initial pathologic diagnosis, and CBC was recollected before patient went
through surgical treatment after completion of NAC. Among
34 patients who received NAC, baseline CBC, pre-operative
CBC, biopsy specimen obtained during initial diagnosis and
surgical pathologic specimens were collected.
2. Treatments
Initial pathologic diagnosis, laboratory evaluation and
staging were done within 2 weeks since initial patient visit.
In patient population who received primary breast conserving surgery or total mastectomy with axillary node staging,
they received adequate anthracycline or taxane based adjuvant chemotherapy or standard CMF regimen and radiation
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therapy. Adjuvant chemotherapy regimens are as follows:
(1) adriamycin (60 mg/m2 intravenously, day 1) and cyclophosphamide (600 mg/m2 intravenously, day 1) every 3
weeks for 4 cycles followed by docetaxel (75 mg/m2 intravenously, day 1) every 3 weeks for 4 cycles (AC-T); (2) adriamycin (60 mg/m2 intravenously, day 1) and cyclophosphamide (600 mg/m2 intravenously, day 1) (AC) every 3 weeks
for 4 cycles; (3) docetaxel (75 mg/m2 intravenously, day 1)
and adriamycin (50 mg/m2 intravenously, day 1) (DA) every
3 weeks for 2-4 cycles; (4) docetaxel (75 mg/m2 intravenously, day 1) and cyclophosphamide (600 mg/m2 intravenously, day 1) (TC) every 3 weeks for 4 cycles; (5) docetaxel
(75 mg/m2 intravenously, day 1), adriamycin (50 mg/m2
intravenously, day 1), and cyclophosphamide (500 mg/m2
intravenously, day 1) (TAC) every 3 weeks for 6 cycles; (6)
5-fluorouracil (5-FU; 600 mg/m2 intravenously, day 1), epirubiclin (60 mg/m2 intravenously, day 1), and cyclophosphamide (600 mg/m2 intravenously, day 1) (FEC); (7) oral
cyclophosphamide (100 mg/m2 intravenously, day 1 to 14),
methotrexate (40 mg/m2 intravenously, day 1 and 8), and
5-FU (600 mg/m2 IV, day 1 and 8) (CMF) every 4 weeks for
6 cycles. Among patients who were diagnosed as stage II or
III breast cancer, part of patients received anthracycline and
taxane based NAC followed by surgery and adjuvant radiation. Anthracycline and taxane based NAC regimen is as follows: (1) docetaxel (75 mg/m2 intravenously, day 1) and
adriamycin (50 mg/m2 intravenously, day 1) (DA) every 3

weeks for 2-6 cycles; (2) adriamycin (60 mg/m2 intravenously, day 1) and cyclophosphamide (600 mg/m2 intravenously, day 1) (AC) every 3 weeks for 4 cycles; (3)
epirubicin (75 mg/m2 intravenously, day 1) and cyclophosphamide (600 mg/m2 intravenously, day 1) (EC) for 4 cycles.
Patients were followed by every 3 months with history taking and physical examination. Laboratory evaluation including serum cancer antigen 15-3 and carcinoembryonic antigen,
chest and abdominal computed tomography (CT) scan were
done if clinically warranted. Mammography and breast
sonography was done every six months for follow-up (S1 Fig.).
3. Definition of neutrophil-to-lymphocyte ratio
Neutrophil-to-lymphocyte (NLR) ratio was determined as
ratio of neutrophil count to lymphocyte in CBC. Among
patients who received NAC, baseline NLR was collected during initial diagnosis and post-NAC NLR was collected before
breast surgery. Patients who initially received breast surgery,
NLR was collected before surgical treatment. The cutoff
value of NLR was decided as 3.16, which was the maximum
(sensitivity+specificity) point according to receiver operating
characteristic (ROC) curve. ROC curve was analyzed with
OS data of total patient population. In patients who received
NAC, radical NLR change was defined as < –30% or > 100%
based on quartiles of NLR change distribution.

A

B

D

E

C

Fig. 1. Representative staining of tumor infiltrating-lymphocytes (TILs) and programmed death ligand-1 (PD-L1) expression
in tumor specimens. (A) CD4+ TILs (400). (B) CD8+ TILs (400). (C) Forkhead box P3+ TILs (400). (D) PD-L1 (400, H-score
200). (E) PD-L1 (400, H-score 75).
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Table 1. Baseline patient characteristics
Total
No. of patients
NLR
Age (yr)
Median (range)
< 40
 40
Stage
I
II
III
Histology
Invasive ductal carcinoma
Invasive lobular carcinoma
Medullary carcinoma
Metaplastic carcinoma
Others
Histologic grade
Well-moderately differentiated
Poorly differentiated
Unknown
Ki-67
< 20%
 20%
Unknown
Adjuvant chemotherapy
AC followed by docetaxel
AC
DA
CMF
TC
TAC
FEC
Adjuvant radiation
Yes
No
Cancer recurrence
Death

NLR  3.16

NLR > 3.16

358 (
1.76 (0.12-10.06)

313 (87.4)
1.64 (0.12-3.16)

45 (12.6)
3.95 (3.2-10.06)

p-value

51 (14-86)
71 (19.8)
287 (80.2)

51 (14-86)
62 (17.3)
251 (70.1)

48 (32-83)
9 (2.5)
36 (10.1)

0.970

127 (35.5)
164 (45.8)
67 (18.7)

113 (31.6)
145 (40.5)
55 (15.3)

14 (3.9)
19 (5.3)
12 (3.4)

0.340

300 (83.8)
6 (1.7)
17 (4.7)
17 (4.7)
4 (1.1)

260 (72.6)
6 (1.7)
14 (3.9)
16 (4.4)
4 (1.1)

40 (11.2)
0(
3 (0.8)
1 (0.3)
0(

0.460

103 (28.8)
252 (70.4)
3 (0.8)

86 (24.0)
224 (62.6)
3 (0.8)

17 (4.8)
28 (7.8)
0(

0.408

48 (13.4)
303 (84.6)
7 (2.0)
310 (86.6)
64 (17.9)
171 (47.8)
14 (3.9)
47 (13.1)
11 (3.1)
2 (0.6)
1 (0.3)

43 (12.0)
265 (74.0)
5 (1.4)
271 (75.7)
59 (16.4)
149 (41.6)
8 (2.2)
42 (11.7)
10 (2.8)
2 (0.6)
1 (0.3)

5 (1.4)
38 (10.6)
2 (0.6)
39 (10.9)
5 (1.5)
22 (6.2)
6 (1.7)
5 (1.4)
1 (0.3)
0(
0(

0.677

267 (74.6)
91 (25.4)
47 (13.1)
36 (10.1)

234 (65.4)
79 (22.1)
37 (10.3)
26 (7.3)

33 (9.2)
12 (3.3)
10 (2.8)
10 (2.8)

0.900

0.540

0.047
0.004

Values are presented as median (range) or number (%). NLR, neutrophil-to-lymphocyte ratio; AC, adriamycin-cyclophosphamide; DA, docetaxel-adriamycin; CMF, cyclophosphamide–methotrexate–5-fluorouracil; TC, docetaxel-cyclophosphamide; TAC, docetaxel-adriamycin-cyclophosphamide; FEC, 5-fluorouracil–epirubicin–cyclophosphamide.

4. Immunohistochemical staining and pathologic analysis
All 34 pathologic tissue specimens including diagnostic
biopsy tissues and surgical specimens were formalin-fixed
and stored as paraffin blocks in the Department of Hospital
Pathology, Seoul St. Mary’s Hospital, The Catholic University of Korea. Paraffin blocks were cut into 4-µm sections. Pri-
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mary antibodies were used for immunohistochemical staining: anti-CD4 rabbit monoclonal (clone SP35, Ventana Medical Systems, Tucson, AZ), anti-CD8 mouse monoclonal (clone C8/144B, DAKO, Glostrup, Denmark), anti-FOXP3 mouse
monoclonal (clone 236A/E7, 1:50 dilution, Abcam, Cambridge, UK), and anti–PD-L1 rabbit monoclonal (clone SP263,
Ventana Medical Systems). The sections were deparaffinized
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Table 2. Baseline characteristics of patients receiving neoadjuvant chemotherapy
Total
No. of patients
Age (yr)
Median (range)
< 40
 40
Clinical stage
II
III
Pathologic stage
0
I
II
III
Downstaging
No
Yes
pCR
Neoadjuvant chemotherapy
AC
EC
DA
Adjuvant radiation
Yes
No
Cancer recurrence
Death

NLR > 3.16

p-value

42 (84)

8 (16)

0.430

43.5 (25-66)
13 (26)
29 (58)

43.5 (36-51)
2 (4)
6 (12)

0.600

15 (30)
35 (70)
9 (18)
41 (82)

9 (18)
33 (66)

0(
8 (16)

0.150

3 (6)
7 (14)
16 (32)
14 (28)

3 (6)
6 (12)
12 (24)
11 (22)

0(
1 (2)
4 (8)
3 (6)

0.260

6 (12)
44 (88)
5 (10)

4 (8)
38 (76)
5 (10)

2 (4)
6 (12)
0(

0.500

13 (26)
5 (10)
32 (64)

11 (22)
5 (10)
26 (52)

2 (4)
0(
6 (12)

0.870

36 (72)
14 (28)
9 (18)
8 (16)

29 (58)
13 (26)
6 (12)
6 (12)

7 (14)
1 (2)
3 (6)
2 (4)

0.400

50 (

NLR  3.16

0.300

0.500
0.450

Values are presented as number (%) unless otherwise indicated. NLR, neutrophil-to-lymphocyte ratio; pCR, pathologic compete response; AC, adriamycin-cyclophosphamide; EC, epirubicin-cyclophosphamide; DA, docetaxel-adriamycin.

in xylene for 15 minutes, subsequently rehydrated and rinsed
in distilled water. For CD3, CD4, and PD-L1, assays were
then performed using the Ventana NX automated immunohistochemistry system (Ventana Medical Systems). For FOXP3
immunohistochemical staining, antigen retrieval was carried
out in a pressure cooker (Electric Pressure Cooker CPC-600,
Cuisinart, East Windsor, NJ) for 20 minutes using 1 citrate
buffer (pH 6.0). The endogenous peroxide activity was
blocked by methanol-diluted 3% hydrogen peroxide for 15
minutes. Sections were incubated with primary antibodies
for 1 hour at room temperature in a humidified chamber. The
signal of immunoreaction was amplified and revealed using
Polink-2 plus HRP Rabbit DAB kit (GBI, Mukilteo, WA). Subsequently, these slides were counterstained with Harris’s
hematoxylin. Histopathologic evaluations for CD4+, CD8+,
and FOXP3+ TILs were performed by senior pathologist who
was not aware of patient information. Each full-face tumor
section slide was evaluated for stromal TIL using microscopic examination (400). Five independent sections with-

out massive inflammation or necrosis were selected and photographed by Olympus DP72 camera (Tokyo, Japan). The
mean absolute number of CD4+, CD8+, and FOXP3+ TILs per
square millimeter was reviewed by two individual investigators. Positive PD-L1 expression was evaluated within the
boundary of invasive cancer. PD-L1 expression in tumor cells
and stroma were studied and graded by percentage of positive cells and the staining intensity (1-3). An H-score (percentage of positive cellsstaining intensity, ranging 0-300)
was used for PD-L1 expression analysis, and the cut-off value
was determined by H-score of 5, based on the reference [20].
The representative sections are described in Fig. 1.
5. Statistical analysis
OS was determined as from the pathologic diagnostic date
to the last follow-up date or patient’s death. DFS was defined
as from the date of primary surgery to the date of cancer
recurrence, proven by imaging study such as chest or abdoVOLUME 51 NUMBER 2 APRIL 2019
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Fig. 2. (A) Overall survival (OS) of patients according to neutrophil-lymphocyte ratio (NLR) level. (B) Disease-free survival
of patients according to NLR level. (C) Disease-free survival (DFS) of patients who received neoadjuvant chemotherapy
according to changes of NLR.

men CT scans. OS and DFS were analyzed using log-rank
test and Kaplan-Meier method. Cutoff value of NLR was
decided according to maximum (sensitivity+specificity)
point of ROC curve. Comparison between changes among
baseline and post-neoadjuvant parameters were compared
using Mann-Whitney U test. NLR, TILs, and PD-L1 expressions among patients were compared using spearman correlation analysis. Statistical analyses were performed using
SPSS ver. 24.0 software (IBM Corp., Armonk, NY).
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6. Ethical statement
This study was approved by the Institutional Review
Board (IRB) of Seoul St. Mary’s Hospital, The Catholic University of Korea (KC17EESI0084). The requirement for written informed consent was waived according to the decision
of IRB.
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Table 3. Univariate and multivariate analysis of disease-free survival and overall survival
Overall survival
Characteristic
Age (yr)
 40 vs. < 40
Stage
I
II vs. I
III vs. I
NLR
> 3.16 vs.  3.16
Ki-67 (%)
 20 vs. < 20
History of adjuvant
chemotherapy
Yes vs. no
Cancer recurrence
Yes vs. no

Univariate analysis

Disease-free survival

Multivariate analysis

Univariate analysis

Multivariate analysis

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

1.167 (0.6-2.67)

0.720

-

-

0.83 (0.42-1.63)

0.580

-

-

1 (reference) < 0.001
1 (reference)
2.13 (0.84-5.45)
0.110 3.15 (1.03-9.68)
5.97 (2.23-15.6) < 0.001 3.12 (0.96-10.01)

0.114
0.045
0.058

1 (reference) < 0.001
1 (reference) < 0.001
1.41 (0.67-2.97)
0.361 1.33 (0.61-2.95)
0.470
4.07 (1.91-8.72) < 0.001 4.0 (1.81-8.85)
0.001

2.97 (1.43-6.17)

0.003 3.15 (1.3-7.5)

0.009

2.11 (1.05-4.25)

3.11 (0.74-13.1)

0.120 3.68 (0.87-15.7)

0.070

1.57 (0.48-5.14)

0.460

-

-

0.036 1.73 (0.83-3.6)

0.140

1.003 (0.44-2.26)

0.994

-

2.18 (0.68-7.04)

0.190

-

-

-

-

-

-

55.9 (19.7-159.2) < 0.001 58.2 (19.76-171.4) < 0.001

-

HR, hazard ratio; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio.

Results
1. Patient characteristics
Between January 2007 to December 2015, total 358 patients
who were diagnosed as TNBC were enrolled for study. Baseline patient characteristics are described in Table 1. The
median age of total patient population was 51 years. More
than half of patients (231 patients, 64.5%) were diagnosed as
stage II or III TNBC at initial diagnosis. Eighty-seven percent
of total patients received adjuvant chemotherapy, and most
of them received anthracycline or taxane based chemotherapy. Among total patient population, 13.1% of patients
experienced cancer recurrence and 10.1% of total patients
died due to breast cancer. The median NLR of total patients
were 1.76. Forty-five patients showed high NLR (NLR >
3.16), and these patients showed higher cancer recurrence
and mortality compared to low NLR patient group (Table 1).
Fifty patients (13.9%) received NAC before surgical treatment. The baseline characteristics of patients who received
NAC is described in Table 2. Ten percent among 50 patients
showed pathologic complete response (pCR) after neoadjuvant chemotherapy, and rest of patients received additional
adjuvant chemotherapy after surgery. Among 50 patients,
18% of patients showed cancer recurrence and 16% of
patients showed cancer-related death. Patients with high
NLR (8 patients, 16%) were diagnosed as stage III TNBC, and

no patients showed pCR after NAC. The distribution pattern
of NLR in total population, and changes of NLR during NAC
is depicted as follows (S2 Fig.).
2. Association between NLR and survival outcomes
In total patient population, patients with low NLR ( 3.16)
showed longer OS and DFS compared to high NLR (> 3.16)
group. Low NLR patient group showed superior OS
(median, 41.83 months; 95% confidence interval [CI], 6.13 to
not estimable) compared to high NLR group (median OS,
36.5 months; 95% CI, 2.37 to not estimable), with statistical
significance (p=0.002) (Fig. 2A). Similarly, patients with low
NLR showed longer DFS (median, 37.85 months; 95% CI,
3.93 to not estimable) compared to patients with high NLR
(median, 32.14 months; 95% CI, 3.37 to not estimable), with
statistical significance (p=0.032) (Fig. 2B).
Among patients who received NAC, lower baseline NLR
patient group showed trends for superior OS and DFS compared to higher baseline NLR patient group, but without statistical significance (data not shown). Comparing the change
between baseline NLR and post-NAC NLR in patients who
received NAC, patients who showed radical change of NLR
(NLR change < –30% or > 100%) showed inferior DFS compared to patients who showed relatively small NLR changes
during NAC (median DFS, 38.37 months vs. 22.37 months;
p=0.015) (Fig. 2C).
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Table 4. Univariate and Multivariate analysis of disease-free survival in neoadjuvant patients
Characteristic
Age (yr)
< 40 vs.  40
Clinical stage
II vs. III
Surgical stage
0 vs. I
0 vs. II
0 vs. III
Downstaging
No vs. yes
pCR
No vs. yes
Baseline NLR
 3.16 vs. > 3.16
NLR change (%)
–30% < NLR change < 100% vs.
NLR < –30% or > 100%
Ki-67 (%)
< 20 vs.  20

Univariate analysis

Multivariate analysis

Hazard ratio (95% CI)

p-value

Hazard ratio (95% CI)

p-value

1.07 (0.33-3.42)

0.900

-

-

3.76 (0.49-28.85)

-

0.51 (0.046-5.65)
0.5 (0.052-4.83)
2.74 (0.34-22.08)

0.200
0.034
0.590
0.550
0.340

0.37 (0.33-4.24)
0.39 (0.4-3.84)
2.22 (0.27-18.0)

0.027
0.430
0.420
0.450

0.55 (0.19-1.59)

0.270

-

-

0.62 (0.08-4.7)

0.640

-

-

1.8 (0.5-6.5)

0.360

-

-

3.81 (1.19-12.15)

0.024

1.29 (0.36-4.64)

0.690

4.1 (1.27-13.16)

-

0.018

-

CI, confidence interval; pCR, pathologic complete response; NLR, neutrophil-to-lymphocyte ratio.

3. Association between survival outcomes and clinicopathologic features

4. TILs, PD-L1 expression in tumor tissues and their association with NLR

For further analysis of the relationship between clinicopathologic parameters and survival outcome, Cox analysis
was done. Other than clinical stage, high NLR group was
associated with inferior OS and DFS (hazard ratio [HR] for
OS, 2.97; 95% CI, 1.43 to 6.17; p=0.003 and HR for DFS, 2.11;
95% CI, 1.05 to 4.25; p=0.036). Multivariate analysis was performed, including clinical stage, Ki-67 index and cancer
recurrence during follow-up. Patients with high NLR was
still associated with inferior OS (HR, 3.15; 95% CI, 1.3 to 7.5;
p=0.009). However, high baseline NLR showed borderline
association with inferior DFS (HR, 1.73; 95% CI, 0.83 to 3.6;
p=0.140) when considering clinical stage during analysis
(Table 3).
Modest NLR change (–30% < NLR change < 100%) during
NAC was associated with superior DFS within patients who
received NAC (HR, 3.81; 95% CI, 1.19 to 12.15; p=0.024).
When adjusted with surgical staging, modest NLR change
during NAC was still associated with DFS (HR, 4.1; 95% CI,
1.27 to 13.16; p=0.018) (Table 4).

Total 34 patients had matched baseline tumor tissue and
surgical specimen after NAC. The distribution of TILs and
PD-L1 expression between baseline tissue and surgical tissue
is described in Table 5. Among 34 patients, four patients
showed pCR after neoadjuvant chemotherapy, and 30 surgical specimens were available for analysis. More than half of
patients (70%) showed same or increased TIL after neoadjuvant chemotherapy. Median TIL fold change after NAC was
1.25. In evaluable 30 patients, 12 patients (35.3%) showed
negative tumor cell PD-L1 or negative conversion of PD-L1
expression after NAC. In case of stromal PD-L1 expression,
four patients (13.3%) showed negative PD-L1 or negative
conversion of PD-L1 after NAC.
During NAC, patients with radical NLR change showed
borderline association to patients who showed negative
expression or negative conversion of tumor PD-L1 expression (Fisher exact test, p=0.051). The change of NLR after
NAC showed negative correlation with the TIL change during NAC, with borderline statistical significance (Fig. 3A). In
both baseline tumor tissues and post-NAC tumor tissues,
TILs, positive PD-L1 tumor cells, and positive stromal
PD-L1 cells showed positive statistical association (Fig. 3B
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Table 5. Distribution of TILs and PD-L1 in tumor tissues
Tumor tissue after
neoadjuvant chemotherapy

Baseline tumor tissue
No. of patients
Distribution of sTIL
CD4
CD8
FOXP3
CD8/FOXP3 ratio
PD-L1 (tumor cell)
Median (range)
1
5
PD-L1 (stromal cell)
Median (range)
1
5
TIL change during NAC
Same or increased
Decreased
TIL fold change during NAC
Median (range)
PD-L1 change during NAC
Negative or negative conversion in tumor
Negative or negative conversion in stroma

34 (
10 (3-35)
74.6 (9.8-226)
61.2 (6-166.8)
12.4 (1.8-54.6)
4.21 (1.2-44.9)

30 (
11.5 (5-60)
67.8 (11.6-250.6)
85 (19.6-189)
10.2 (1-41)
7.66 (2.96-26.4)

1.5 (0-200)
20 (58.8)
15 (44.1)

2 (0-270)
17 (56.7)
14 (46.7)

8.5 (0-90)
30 (88.2)
21 (61.8)

17.5 (0-125)
24 (80.0)
21 (70.0)
21 (70.0)
9 (30.0)
1.25 (0.5-8.33)
12 (35.3)
4 (13.3)

Value are presented as median (range) or number (%). TIL, tumor-infiltrating lymphocyte; PD-L1, programmed death-ligand
1; sTIL, stromal TIL; FOXP3, forkhead box P3; NAC, neoadjuvant chemotherapy.

and C).
Immunohistochemical stain for CD4+, CD8+, and FOXP3+
TIL was done with paired tissue specimens and the association between each immune-marker stained TIL expression
during NAC was analyzed. CD4+ and CD8+ was increased in
about half of patients (48% and 55.2%, respectively), and
FOXP3+ was increased in less than half of patients (34.5%)
(S3 Fig.). There were statistical association between CD4+,
CD8+, and FOXP3+ expression between baseline and postNAC tumor tissues (S4 Fig.).
5. Survival outcomes according to TIL and PD-L1 expression
In our study, patients who showed increased TIL during
NAC showed trends for favorable DFS, but without statistical significance (Fig. 4A). Patients who showed negative
tumor PD-L1 expression, or negative PD-L1 conversion during NAC showed significantly poor survival compared to
positive tumor PD-L1 expression during NAC (median DFS,
16.03 months vs. 34.77 months; p=0.037) (Fig. 4B). In case of

stromal PD-L1 expression, patients showing negative PD-L1
or negative PD-L1 conversion after NAC showed trends for
poor DFS, but without statistical significance (Fig. 4C).
When analyzing baseline tumor tissue, positive tumor and
stromal PD-L1 expression (PD-L1 H-score  5) was associated to superior DFS (tumor PD-L1 median DFS, 57.6 months
vs. 12.5 months; p=0.001 and stromal PD-L1 median DFS,
50.17 months vs. 20.4 months; p=0.002) (Fig. 5A and B). After
NAC, patients with positive tumor PD-L1 expression
(H-score  5) showed longer DFS (median DFS, 53.27 months
vs. 18.9 months; p=0.040) (Fig. 5C). In case of stromal PD-L1
expression after NAC, patients with H-score same or higher
than 5 showed borderline significance for superior DFS compared to patient with H-score below 5 (median DFS, 38.37
months vs. 17.5 months; p=0.063) (Fig. 5D).
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Fig. 3. (A) Correlation between neutrophil-lymphocyte ratio change and tumor infiltrating-lymphocyte (TIL) change during
neoadjuvant chemotherapy (NAC). (B) Correlation between TIL and programmed death ligand-1 (PD-L1) changes in primary
tumor tissue. (C) Correlation between TIL and PD-L1 changes in post-NAC tissue.

Discussion
In our study, high baseline NLR was associated to poor
survival outcomes in early and advanced TNBC, consistent
with previous literatures [3,5]. NLR is thought to reflect
inflammatory changes during cancer development [3] and
has shown relationship with survival outcomes in various
solid cancer [24]. There were reports about the role of NLR
in TNBC in small population [3], and our study strengthened
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prior reports with relatively large number of patient population.
Until now, there were scarce reports about the role of
changes of serum NLR connected to survival outcome in
TNBC during chemotherapy. Considering NLR reflects
inflammatory changes and survival outcomes in cancer progression, we hypothesized that changes of NLR during NAC
might be associated to cancer response or survival during
follow-up. In 50 patients who received NAC, radical changes
of NLR (NLR change < –30% or > 100%) was associated with
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Fig. 4. (A) Disease-free survival (DFS) according to changes of tumor infiltrating lymphocyte during neoadjuvant chemotherapy (NAC). (B) DFS according to change of tumor cell programmed death ligand-1 (PD-L1) expression change during NAC.
(C) DFS according to change of stromal cell PD-L1 expression during NAC.

inferior DFS. The radical change of NLR was still associated
to inferior DFS in multivariate analysis. Changes of NLR during NAC might have reflected cancer-mediated inflammatory changes during treatment [4] and connected to survival
and prognosis of breast cancer. We initially assumed that
increased NLR after NAC may be associated to poor survival
or response, but subtle increase or decrease in serum NLR
did not reflect survival outcome during analysis. Radical
changes of serum NLR might be associated to definite
changes in inflammatory response or changes of cancer

environment during treatment, but further analysis should
be warranted for confirmation of this hypothesis.
For the first time, we reported the relationship between
serum NLR and tumor TIL during NAC. We presumed systemic inflammatory change may be associated to tumor
inflammatory change during NAC, and for confirmation of
this hypothesis, we analyzed the relationship between
changes of serum NLR with tumor TIL change during NAC.
Serum NLR and tumor TIL was selected to represent systemic inflammatory changes and local tumor inflammatory
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Fig. 5. Disease-free survival (DFS) according to tumor cell programmed death ligand-1 expression (PD-L1) (A) and stromal
cell PD-L1 expression (B) in baseline tumor tissue. DFS according to tumor cell PD-L1 expression (C) and stromal cell
PD-L1 expression (D) in post-neoadjuvant chemotherapy (post-NAC) tumor tissues.

changes, each. There were trends for negative correlation
between changes of TIL and serum NLR during NAC, but
there was no statistical significance. We assumed other systemic and local inflammatory markers such as cytokines,
transcription factors, acute-phase proteins should be considered during interpretation [4], and these confounding factors
may have influenced borderline association between serum
NLR and tumor TIL.
Previous literature reports the relationship of high pretreatment TIL associated with favorable survival in breast
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cancer [18], and our result also showed trends for favorable
DFS in patients with higher baseline TIL with borderline statistical significance (data not shown). In our study, we investigated the changes between TIL during NAC and analyzed
the relationship with survival outcomes. Although the result
was not statistically significant, we did find out that there
were trends for increased survival in patients with increased
or same TIL compared to baseline TIL during NAC. This
result is in concordance with previous report [19]. In other
retrospective analysis, decreasing TIL was detected after
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NAC and this change was associated to increased pCR rate,
but there was no further analysis about accordance to survival outcome with change of TIL [25]. Previous study
patient population was heterogeneous in hormonal status
and HER2 status, with small patient number. In our study,
although we recruited only TNBC patients, but the population was small in number. The change of TIL during NAC
seems to influence the tumor response or survival in breast
cancer including TNBC, but further study is needed with
large number of patients with homogeneous characteristics,
and sufficient follow-up duration is needed.
Subtyping of TIL with CD4+, CD8+, and FOXP3+ was done
and their association with PD-L1 expression in tumor and
stromal TIL was performed in this study. As reported previously, CD4+, CD8+, and FOXP3+ were mutually associated
with each other in baseline and post-NAC tissues in our
study [17,26]. PD-L1 expression in baseline tissue and postNAC tissue was statistically associated to TIL, and this result
is consistent with prior study [14]. When TIL was subtyped
with CD4+, CD8+, or FOXP3+, subtyped TIL was partially
associated to PD-L1 expression in baseline and post-NAC tissue. CD4+, CD8+, FOXP3+ TIL all showed trends for positive
correlation of PD-L1 expression in tumor tissue. The relationship between TIL subtype and PD-L1 expression showed
heterogeneous association among previous reported literatures, with conflicting results in breast cancer (BC) [17,27,28].
Persistent, or high level of PD-L1 expression may induced
CD8+ T cell exhaustion, and also may be related to CD4+ or
FOXP3+ T cells which maintain immune response and expression of PD-L1 expression [29]. Considering there are negative relationship between regulatory T cell, effector T cell and
PD-L1 expression, negative correlation between TIL subtype,
especially CD8+ TIL and PD-L1 might be estimated, and
there are reports supporting this view [17,30]. However,
there are other reports supporting CD8+ T cell may recruit
CD4+ or FOXP3+ regulatory T cells with PD-L1 by intrinsic
immune mechanism [31], and this hypothesis is in consistence to our result. When interpreting the relationship between TIL, TIL subtype and PD-L1 expression, various tumor
induced environmental change and immune mechanism
may influence the expression of T cell and PD-L1 expression,
and this might have influenced the conflicting reports about
the TIL subtype and PD-L1 expression in BC.
As one of an immune modulatory marker and representing tumor microenvironment [14], the change of PD-L1
expression during NAC was analyzed in the study. Patients
who showed negative tumor PD-L1 or negative conversion
of tumor PD-L1 expression during NAC showed poor outcome. Furthermore, low PD-L1 expression in tumor or stromal tissue (H-score < 5) in baseline tumor or post-NAC tissue
also showed poor DFS. To date, the role of PD-L1 expression
and its association to clinical outcome is controversial. Part

or studies report increased PD-L1 expression is associated to
poor prognosis or aggressive clinical behavior in BC or other
cancers [15,17,21,30], and there are other studies reporting
PD-L1 expression associated to favorable outcome in solid
cancers, consistent with our analysis [14,20,32]. This discrepancy may arise from the heterogeneous composition of various solid tumors in the study, and various definition of
PD-L1 status among each study may have influenced the
conflicting results of previous reports as well. Furthermore,
different molecular profile and oncogenic mechanism
between BC subtypes or other types of cancer may have
influenced the role of PD-L1, which might have relatively
different role between various cancers and different breast
cancer subtypes. The merit of our study lies on relatively
homogenous patient population, consisted of locally advanced TNBC treated with similar systemic chemotherapy. Considering TNBC is more immunogenic compared to other
subtypes, PD-L1 and its associated molecular pathway may
have different role compared to other BC subtypes.
In present study, there are some limitations to mention.
First, we included TNBC patients diagnosed and treated
until Dec 2015. We included recently diagnosed TNBC
patients with adequate archival tumor tissue, but the followup duration was relatively short compared to other studies.
Long-term follow up of the results of our study is needed for
future study. Second, as we mentioned, although the subtype
was homogeneous, the patient population with adequate
tumor tissue was relatively small, requiring careful interpretation of the analysis. However, this study has its clinical
value for selecting only TNBC patients with paired tumor
samples. Based on our analysis, we are planning to review
the change of NLR, TIL, and PD-L1 expression in large number of scale, comprising multicenter in Korea. Sufficient follow-up duration with large number of patient population is
warranted for future study.
In conclusion, this study showed high baseline NLR associated to poor survival outcome in locally advanced TNBC
patients. Among patients receiving NAC, radical change of
serum NLR during chemotherapy was associated to poor
prognosis. Increased TIL in post-NAC tumor tissue showed
trends for superior DFS during follow-up, but it did not
reach statistical significance during analysis. Finally, negative conversion of PD-L1 expression or persistent negative
expression of PD-L1 in tumor tissue during NAC or low level
of PD-L1 expression in baseline or post-NAC tumor tissue
was associated to poor prognosis. For more confirmative
results, larger sample size of patients with sufficient followup duration is warranted.
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