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Background: The anti-tumor action of the host immune systems and cancer-immune interaction are
associated with tumor prognosis. Combination of neutrophil-lymphocyte ratio (NLR)/platelet-lymphocyte
ratio (PLR) and programmed death ligand-1 (PD-L1) in predicting prognosis in breast cancer has not been
reported. The aim of this study is to evaluate the prognostic role of NLR/PLR and PD-L1 in breast cancer.
Methods: A total of 870 patients with breast cancer treated in Sun Yat-sen University Cancer Center from
2000 to 2012 with known PD-L1 status were included. Clinicopathological data and pretreatment complete
blood count (CBC) were retrospectively collected. Chi-square test and Mann-Whitney U test were used
to compare baseline characteristics, Kaplan-Meier and univariate Cox proportional hazards model analyses
were used to compare the survival of patients between different groups.
Results: High PLR group achieved worse result than low PLR group in overall survival (OS) and diseasefree survival (DFS) (5-year OS rate: 82.6% vs. 88.8%, P=0.010; 5-year DFS rate: 78.7% vs. 85.6%, P=0.003).
High PLR was associated with shorter DFS [adjusted HR =1.525, 95% confidence interval (CI): 1.111–2.094,
P=0.009] and OS (adjusted HR =1.527, 95% CI: 1.073–2.174, P=0.019). NLR was not associated with
patients’ survival outcome. Patients with PD-L1 expression and high PLR had the worst prognosis. The
5-year DFS rates were 68.4%, and 85.8% in high PLR + PD-L1(+) group and low PLR + PD-L1(−) group
respectively (P=0.002). The 5-year OS rates were 73.4% and 90.1%, respectively (P<0.001).
Conclusions: High PLR is associated with poor DFS and OS in breast cancer patients. PD-L1 expression
combined with high PLR was associated with an aggressive clinical outcome. Further studies are needed to
evaluate the predictive value of the combination of PD-L1 and peripheral blood immune markers.
Keywords: Cancer-immune interaction; platelet-lymphocyte ratio (PLR); programmed death 1/programmed
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Introduction

Methods

Tumor microenvironment has been considered to be
associated with tumor development and aggressiveness
(1,2). Immune cells compromising the tumor
microenvironment mediate immune response in the
existence of tumor and influence the prognosis of cancer
patients (3). The programmed death 1/programmed death
ligand-1 (PD-1/PD-L1) pathway which regulates T-cell
activation and differentiation and helps tumor cells to
escape host immune system (4) has been widely reported as
an unfavorable prognostic factor in breast cancer in these
recent years (5-7). Besides, studies support that PD-L1
expression correlates to low tumor infiltrating lymphocytes
(TILs) (8)and PD-L1 expression combined with low
tumor-infiltrating CD8+ lymphocytes density is associated
with aggressive clinical outcome (9). Consistently, in our
previous study, we have demonstrated that intratumor
PD-L1 expressed in 21.7% of all breast cancer, and most
of them were triple negative breast cancer (TNBC). Most
importantly, patients with PD-L1 expression achieved
worse disease-free survival (DFS) and overall survival (OS)
than those without PD-L1 expression in breast cancer (10).
A reported study (11) found serum soluble PD-L1
and biomarkers of the host immunity which included
neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte
ratio (PLR) and systemic immune-inflammation index (SII)
could predict clinical outcome of biliary tract cancer (BTC)
patients receiving palliative chemotherapy. Combinations
of different biomarkers that can reveal tumor-immune
reaction and host immunity are likely to be more
appropriate to evaluate the patients’ outcome.
NLR and PLR have been considered to reflect the general
immune status of the host and proposed as prognostic
markers in various cancers (12-17). High NLR is widely
considered as a poor prognostic factor in breast cancer (18).
Some studies consider PLR is not associated with clinical
outcome of breast cancer patients (19,20), while a metaanalysis including seven studies with 3,741 patients conclude
high PLR is associated with shorter DFS and OS in breast
cancer patients (21). Combination of PD-L1 and other
parameters has been reported in breast cancer (9,22,23).
However, combination of NLR, PLR, and PD-L1 in
predicting prognosis in breast cancer has not been reported.
So in this study, we will evaluate the prognostic role of the
combination of pre-treatment NLR, PLR, and PD-L1 in
breast cancer.

Patients
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A total of 870 breast cancer patients treated in Sun Yat-sen
University Cancer Center from 2000 to 2012 with suitable
paraffin-embedded tumor samples for PD-L1 test were
included. All patients fulfilled the following criteria: (I)
breast cancer with pathological confirmation in our center;
(II) underwent surgery according to routine clinical practice
in our center; (III) underwent adjuvant chemotherapy
and/or endocrine therapy according to routine clinical
practice in our center; (IV) with known PD-L1
status. We retrospectively collected clinicopathological
data including pre-treatment complete blood count (CBC),
age, menstruation status, tumor size, histological grade,
lymph nodes, estrogen receptor (ER) status, progesterone
receptor (PR) status, human epidermal receptor 2 (HER2)
status, pathological staging according to American Joint
Committee on Cancer (AJCC) 7th edition, DFS, cancerspecific survival (CSS), and OS.
DFS was defined as the time from curative surgery
to occurrence of any disease progression resulting in
inoperable, locoregional recurrence, distant metastasis,
or death of any reason; CSS was defined as the time from
curative surgery to death of breast cancer; OS was defined
as the time from curative surgery to death of any reason.
PLR was defined as absolute platelet count in the peripheral
blood before treatment divided by absolute lymphocyte
count; NLR was defined as the absolute neutrophil count in
the peripheral blood before treatment divided by absolute
lymphocyte count; all results reserved 2 digits after the
decimal point.
PD-L1 immunohistochemical staining
Slides were stained using a Ventana Discovery XT
automated system (Ventana Medical Systems, Tucson,
AZ, USA) with proprietary reagents according to the
manufacturer’s protocol as we had mentioned in the
published paper (10). Procedures were elaborated in
supplementary material. Staining of over 5% of tumor
cell membrane with or without cytoplasm staining was
considered as positive.
Statistics
X-Tile was used to access the optimal cut-off value of
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NLR and PLR. Patients were randomly separated into
training set and validation set to verify the cut-off value.
Then patients were classified into high PLR/NLR and low
PLR/NLR groups according to the cut-off value. Baseline
characteristics between two groups were compared using
chi-square test and Mann-Whitney U test. The OS and
PFS were assessed using Kaplan-Meier estimates. The logrank test was used to compare differences in DFS and OS
among groups. The Cox proportional hazards model with
95% confidence interval (CI) was used for the Univariate
analysis to verify the factors significantly related to DFS
and OS. Multivariate Cox model was constructed to adjust
for other clinical characteristics that were significant in the
univariate analyses. Results were considered statistically
significant if P value of 0.05 or less. All analyses were
performed using X-Tile (3.6.1; Rimm lab, Yale School of
Medicine, New Haven) and SPSS software for Windows
(version 13; IBM SPSS, Somers, NY, USA).
Results
Patients’ characteristics
The optimal cut-off value for NLR generated from
training set was 3.00, however, this cut-off value didn’t
show significance in the validation set (P=0.343). According
to 3.00, we classified patients into high NLR group and
low NLR group. As expected, no significance was shown
in DFS, CSS or OS between groups (see Figures S1-S3).
For this reason, no further analysis of NLR was done.
The optimal cut-off value of PLR was 147.50 and showed
significance in the validation set (P=0.045) (Figure S4). A
total of 212 patients with pretreatment PLR >147.50 were
classified into high PLR group, while 658 patients with PLR
≤147.50 were in low PLR group. Baseline characteristics
were compared between groups.
Intratumor PD-L1 expressed in 192 (21.7%) patients,
in which 129 (67.2% of all PD-L1 positive patients) were
TNBC as we reported in the previous study (10). The
baseline characteristics between two groups were shown in
Table 1. The median age of 870 patients with breast cancer
was 47 years old in both groups (P=0.149). Most patients
(69.7%) are ER/PR positive. Higher percentage of stage III
patients in high PLR group (18.4%) than that in low PLR
group (12.0%) (P=0.044). Patients with high PLR were more
likely to be associated with premenopausal status (P=0.011).
There were no significant differences in tumor size,
histological grade, positive lymph node number, ER, PR,
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HER2, PD-L1 expression, and molecular subtype between
both groups.
Survival of the patients
The median follow-up was 96 months (range from 6 to
265 months). High PLR group showed shorter DFS
compared to the low PLR group (Figure 1A). The 5-year
DFS rate was 78.7% in high PLR group and 85.6% in
low PLR group (P=0.003). Likewise, patients in high PLR
group significantly achieved worse result than those in low
PLR group in median time to CSS and OS (Figure 1B,C).
The 5-year survival rate was 82.6% in high PLR group and
88.8% in low PLR group (P=0.010).
In order to see whether patients with PD-L1 expression
and high pre-treatment PLR would have a poorer
prognosis, we classified all patients into high PLR +
PD-L1(+) group, high PLR + PD-L1(−) group, low PLR
+ PD-L1(+) group and low PLR + PD-L1(−) group. We
found that patients with PD-L1 expression and high
pretreatment PLR had the worst prognosis (Figure 1D,E,F).
The 5-year DFS rates were 68.4%, 78.8%, 76.8% and
85.8% respectively (P=0.002). The 5-year OS rates were
73.4%, 82.6%, 85.2% and 90.1% respectively (P<0.001).
Prognostic factor for DFS and OS
PLR, PD-L1 expression and patients’ characteristics
including age, menopausal status, tumor size, lymph node
status, ER status, PR status, HER2 status, NLR were
analyzed in the univariate and multivariate analysis for
DFS and OS. High pretreatment PLR was an independent
prognostic factor for both DFS (adjusted HR =1.525,
95% CI: 1.111–2.094, P=0.009) (Table 2) and OS (adjusted
HR =1.527, 95% CI: 1.073–2.174, P=0.019) (Table 3).
PD-L1 expression was associated with poor DFS and OS.
In addition, both tumor size and lymph node status were
independent predictors for DFS and OS.
In order to see whether the combination of PD-L1
and PLR would better predict survivals of the patients, we
conducted hazard ratio model including clinicopathologic
characteristics. Combination of high PLR and PD-L1(+)
showed higher adjusted HR for both DFS (adjusted HR:
2.294, 95% CI: 1.372–3.831) and OS (adjusted HR: 3.345,
95% CI: 1.919–5.848, P<0.001). Interestingly, we found
that combination of high PLR and PD-L1(−) was not
associated with DFS (HR: 1.575, 95% CI: 0.895–2.770,
P=0.635) in the univariate analysis but an independent

tcr.amegroups.com

Transl Cancer Res 2018;7(3):659-667

Lu et al. PLR and PD-L1 in breast cancer patients

662
Table 1 Patients’ characteristics between low PLR group and high
PLR group
Variable

Low PLR
(n=658)

High PLR
(n=212)

P value

Age (median, range)

47 [21–84]

47 [30–78]

0.149

Tumor size (mm)

0.053

>20

432 (65.7)

156 (73.6)

≤20

226 (34.3)

56 (26.4)

Stage
120 (18.2)

35 (16.5)

II

458 (69.6)

138 (65.1)

III

79 (12.0)

39 (18.4)

1 (0.1)

0 (0)

Unknown
Histological grade

0.616

1

24 (3.6)

12 (5.7)

2

257 (39.1)

82 (38.7)

3

297 (45.1)

91 (42.9)

Unknown

80 (12.2)

27 (12.7)

Positive lymph node

0.056

0

329 (50.0)

98 (46.2)

1–3

186 (28.3)

49 (23.1)

4–9

86 (13.1)

35 (16.5)

≥10

57 (8.7)

30 (14.2)

Menopausal status

Variable

Low PLR
(n=658)

High PLR
(n=212)

PD-L1
Positive

138 (21.0)

51 (24.1)

Negative

520 (79.0)

161 (75.9)
0.667

Modified radical
mastectomy

270 (41.0)

96 (45.3)

Mastectomy
+SLNB

370 (56.2)

110 (51.9)

Breast conserving
surgery

16 (2.4)

5 (2.4)

Unknown

3 (0.4)

1 (0.4)

Subtype

0.533

ER/PR(+) and
HER2 negative

458 (69.6)

148 (69.8)

ER/PR(+) and
HER2 positive

9 (1.4)

2 (0.9)

Triple negative

182 (27.7)

57 (26.9)

9 (1.4)

5 (2.4)

Unknown

P value
0.356

Surgery
0.044

I

Table 1 (continued)

PLR, platelet-lymphocyte ratio; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor
receptor 2; PD-L1, programmed death-ligand 1; SLNB, sentinel
lymph nodes biopsy.
0.011

Premenopausal

405 (61.6)

151 (71.2)

Postmenopausal

253 (38.4)

61 (28.8)

ER

0.799

Positive

473 (71.9)

155 (73.1)

Negative

182 (27.7)

57 (26.9)

Unknown

2 (0.3)

0 (0)

PR

Discussion

0.249

Positive

457 (69.1)

157 (74.1)

Negative

197 (29.9)

55 (25.9)

Unknown

4 (0.6)

0 (0)

HER2

0.345

Positive

10 (1.5)

4 (1.9)

Negative

639 (97.1)

203 (95.8)

Unknown

9 (1.4)

5 (2.3)

Table 1 (continued)
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factor for OS (adjusted HR: 2.247, 95% CI: 1.219–4.132,
P=0.009) (Table 4). Tumor size and lymph node status were
still independent factors for both DFS and OS.

Our study demonstrated that patients in high pre-treatment
PLR were associated with shorter DFS and OS compared
to those in low PLR group. We also addressed that PLR
and PD-L1 were independent prognostic factors for DFS
and OS after adjusting for tumor size, lymph node status
and PD-L1 status.
Several studies have shown high PLR is associated with
poor prognosis in various cancers (24,25). A meta-analysis
demonstrated high PLR was associated with an adverse
outcome in breast cancer patients, which was consistent
with our results. In most original studies, PLR is more
often analyzed with NLR. However, unlike NLR, the role
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Figure 1 Survival analysis according to PLR (A-C) and the combination of PLR and PD-L1 status (D-F) (A & D, disease-free survival; B & E,
cancer-specific survival; C & F, overall survival). PLR, platelet-lymphocyte ratio; PD-L1, programmed death ligand-1.

Table 2 Univariate and multivariate analysis of DFS
Variables

Univariate

Multivariate

HR

95% CI

P

HR

95% CI

P

Age

0.992

0.978–1.006

0.254

Menopausal status (post vs. pre)

0.904

0.661–1.236

0.527

Tumor size (>20 vs. ≤20 mm)

2.540

1.695–3.807

<0.001

1.902

1.262–2.868

0.002

Histological grade (III vs. I/II)

1.132

0.861–1.488

0.373

LN status (pos vs. neg)

4.115

2.879–5.882

<0.001

3.778

2.636–5.414

<0.001

ER

0.948

0.684–1.314

0.748

PR

0.993

0.718–1.373

0.966

Her-2 status

1.551

0.993–2.423

0.054

PD-L1 (pos vs. neg)

1.518

1.102–2.092

0.011

1.408

1.019–1.946

0.038

PLR (pos vs. neg)

1.576

1.149–2.161

0.005

1.525

1.111–2.094

0.009

NLR (pos vs. neg)

1.305

0.847–2.010

0.227

DFS, disease-free survival; LN, lymph nodes; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; PD-L1, programmed death-ligand 1; PLR, platelet-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio.

of PLR in predicting prognosis remained uncertain. Several
mentioned meta-analysis indicated it was also a predictive
factor in cancer patients’ clinical outcome. In this study,
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consisted of above results, we also demonstrated that PLR
was an unfavorable prognostic factor for DFS and OS
after adjusting for other factors. The most optimal cutoff
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Table 3 Univariate and multivariate analysis of OS
Variables

Univariate

Multivariate

HR

95% CI

P

HR

95% CI

P

Age

0.992

0.978–1.006

0.254

Menstruation (post vs. pre)

0.904

0.661–1.236

0.527

Tumor size (>20 vs. ≤20 mm)

2.788

1.769–4.395

<0.001

1.964

1.238–3.115

0.004

Histological grade (III vs. I/II)

1.132

0.861–1.488

0.373

LN status (pos vs. neg)

4.829

3.154–7.394

<0.001

4.462

2.906–6.851

<0.001

ER

0.948

0.684–1.314

0.748

PR

0.993

0.718–1.373

0.966

HER-2 status

1.551

0.993–2.423

0.054

PD-L1

2.254

1.592–3.193

<0.001

2.144

1.511–3.043

<0.001

PLR

1.590

1.118–2.261

0.010

1.527

1.073–2.174

0.019

NLR

1.234

0.759–2.004

0.396

DFS, disease-free survival; LN, lymph nodes; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; PD-L1, programmed death-ligand 1; PLR, platelet-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio.

Table 4 Multivariate analysis for DFS and OS according to combination of PLR and PD-L1
Variables

Multivariate analysis for DFS

Multivariate analysis for OS

HR

95% CI

P

HR

95% CI

P

Tumor size (>20 vs. ≤20 mm)

1.899

1.259–2.864

0.002

1.961

1.236–3.112

0.004

LN status (pos vs. neg)

3.794

2.646–5.440

<0.001

4.469

2.909–6.865

<0.001

Combination of PLR and PD-L1
Low PLR and PD-L1 (−)

1

1

High PLR and PD-L1 (−)

NA

2.247

1.219–4.132

0.009

High PLR and PD-L1 (+)

2.294

3.345

1.919–5.848

<0.001

1.372–3.831

0.002

DFS, disease-free survival; OS, overall survival; PD-L1, programmed death-ligand 1; PLR, platelet-lymphocyte ratio.

value of PLR is still controversial. Previous studies used
quintiles to classify patients into different groups and found
5-year survival rate in the highest group was the lowest
compared to other quintiles (19). However, most methods
for determination of cut-off value was manual and could not
achieve randomized study. In our study, the cut-off value
was generated from training and validated in validation
dataset by X-tile, which may lessen manual confounding
factors in some extents.
NLR failed to show association with patient survival in this
study, which may due to the different cut-off value used (12).
A presentation (26) in 2016 ESMO shows patients with
early breast cancer in the GEICAM study with elevated

© Translational Cancer Research. All rights reserved.

derived neutrophil to lymphocyte ratio (dNLR) is
associated with shorter DFS and OS in non-luminal subtype
and shorter DFS in HER-2 enriched subtype defined by
PAM50. And in this study, median and quartiles of NLR
were used to classify patients into different groups.
The mechanism of PLR influencing prognosis in
cancer is uncertain. Tumor-promoting inflammation is
an important hallmark in cancer (27). Prior studies have
reported platelets play some roles in tumor growth and
tumor metastasis, like enhancing genomic instability,
promoting tumor angiogenesis, protecting circulating
tumor cell (CTC) from NK cell elimination, and promoting
CTC adhesion on endothelium (28). Besides, lymphocytes
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have been implicated in playing important roles in tumor
surveillance and anti-tumor activity (29). Leucocytes, as
well as platelets, could be activated by tumor cells, and
then cytokines, chemokines, and growth factors could be
generated. Some of them promote tumor development and
metastasis, while some of them inhibit tumor growth (30).
It’s biologically likely that PLR may reflect the ability
of the host immune reaction to the existing tumor, and
imbalance of the ration may provide some insights of tumor
progression and prognosis in some extent.
The PD-1/PD-L1 pathway is considered related to
tumor cells escape from immune surveillance, tumor
survival and progression (4). In our study, we found patients
with high PLR and PD-L1 expression achieved the worst
prognosis compared to other groups, on the contrary, the
prognosis of patients with low PLR and PD-L1 negative
was best. Patients with high PLR and PD-L1 negative had
higher hazard ratio for OS than those only with high PLR.
This information indicates the effect of combination PLR
and PD-L1 is not simply added but may relate to complex
underlying mechanisms. On one hand, high expression of
PD-1/PD-L1 is common in many tumor cells, particularly in
combination with inactivation of tumor suppressor genes (4).
Tumor cells survive from evading immune surveillance
through the PD-1/PD-L1 pathway. On the other hand,
high counts of immune cells and platelets further promote
tumor growth and aggressiveness. Besides, immune cells and
platelets produce and secrete pro-inflammatory cytokines,
such as interleukin-6, tumor necrotic factor-α, transforming
growth factor-β, which can up-regulate expression of
PD-L1 (31-33). In this way, these two factors may work
together more efficiently in enhancing tumor aggressiveness.
Our previous study (10) showed PD-L1 higher
expression was associated poorer clinicopathological
characteristics, like larger tumor size, higher histological
grade, more lymph node involved and ER/PR negative,
which is consistent with reported studies (34,35). However,
the prognostic role of PD-L1 is controversial. Studies of
combinations of PD-L1 with other parameters in predicting
prognosis are commonly reported as combination of
PD-L1 and TILs. PD-L1 may be related to lower percentage
of CD8+ TIL, which was likely to be associated with poor
prognosis (22,36,37). On the contrary, some studies also
have shown PD-1/PD-L1 expression on tumor TILs
may be associated with favorable outcome in TNBC (38)
and HER2 positive breast cancer (39). These results may
be owing to the fact that PD-1/PD-L1 expression will be
up-regulated physically when the immune reaction is too
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intensive, and also most studies only tested expression
of PD-1/PD-L1 at some point in time. The previously
mentioned study combines serum soluble PD-L1 with pretreatment NLR and PLR in predicting clinical outcome
of BTC patients (11). In this study, soluble PD-L1 and
NLR were independent prognostic factors for OS, but the
correlation of the two significant parameters and the role
of the combination of these two parameters in prognosis
were not analyzed. In our study, we showed PLR was an
independent prognostic factor in breast cancer, and the
worst prognosis was achieved in high PLR and PD-L1
expression group, which suggests subdivision of patients
may provide more information and some of them may need
different treatments. Considering the immunity function
of platelets, combination of PLR and PD-L1 may provide
some insights of novel studies or treatments. For example, a
study (40) showed a novel approach to conjugate the PD-L1
antibody to platelets in order to improve the response
rate of immunotherapy in post-surgical cancer patients.
The activated platelets can deliver PD-L1 antibody to the
surgical bed as well as CTC, and then PD-L1 antibody
blocks PD-L1 and T cells can function normally to kill
residual tumor cells. So in this situation, both activated
platelet counts and PD-L1 expression in tumor beds must
be crucial.
With the profound understanding of the interaction
of immune system and cancer cells, it is essential and
meaningful to investigate more valid parameters that
may influence the prognosis of cancer patients. To our
knowledge, this is the first study to evaluate the prognostic
value of the combination of PLR and PD-L1 in breast
cancer. Inevitably, there were some limitations in our
study. first of all, this was a retrospective study so there
may be an element of selection bias. Though we included
patients meeting including criteria as much as we could,
the final population showed relatively low proportion of
Her-2 positive patients and a higher proportion of luminal
subtype. This also led to Cox regression showed ER, PR,
and Her-2 were not prognostic factors. Sample size will be
expanded in the future study to investigate the prognostic
value of PLR in Her-2 positive patients. Secondly, NLR
was not an independent prognostic factor in our study.
The reason might be the different cut-off value used or
different antibody used, also some studies defined >1% as
PD-L1 positive cut-off value. In addition, the optimal cutoff values should be verified by other large cohort studies.
Thirdly, factors like inflammations or drugs influencing the
neutrophil or platelets count were not analyzed in the study,
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which may have influences on NLR and PLR.
Conclusions

7.

In conclusion, high PLR is significantly associated with poor
DFS and OS in breast cancer patients. PD-L1 expression
combined with high PLR was significantly associated with
an aggressive clinical outcome. Further studies are needed
to evaluate the predictive value of PD-L1 and peripheral
blood immune markers.
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