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Platelet/lymphocyte ratio is a
significant prognostic factor
for targeted therapy in
patients with EGFR-mutated
non-small-cell lung cancer
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Abstract

Objective: To analyze the prognostic significance of the pretreatment platelet/lymphocyte ratio

(PLR) for targeted therapy in patients with epidermal growth factor receptor (EGFR)-mutated

non-small-cell lung cancer (NSCLC).

Methods: We conducted a retrospective study of 96 patients with EGFR-mutated advanced

NSCLC who were treated at Dongguan People’s Hospital, Southern Medical University from May

2014 to December 2017. All patients received EGFR-targeted therapy until disease progression,

unacceptable toxicity, or other factors. Approximately 3 days before the initial treatment, data

including a detailed clinical history, physical examination, radiographic results, pathological diag-

nosis, and laboratory parameters including complete blood cell counts and albumin levels were

evaluated.
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Results: Patients in the PLR � 190 group had shorter progression-free survival (PFS)

than those in the PLR< 190 group. Furthermore, the 1-year PFS rate was worse in the PLR �
190 group than in the PLR< 190 group. Multivariate analysis indicated the possible role of

PLR as a prognostic factor for patients with advanced NSCLC who received EGFR-targeted

therapy.

Conclusions: Pretreatment PLR may be an independent prognostic factor for patients with

NSCLC receiving EGFR tyrosine kinase inhibitor treatment. Further studies are needed to iden-

tify the impact of PLR on EGFR-mutated NSCLC.
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Introduction

Lung cancer, the most frequent cancer diag-
nosed each year, is commonly classified as
small-cell lung cancer or non-small-cell lung
cancer (NSCLC).1,2 NSCLC comprises
approximately 80% of all lung cancers,
and 40% to 50% of Asian patients harbor
epidermal growth factor receptor (EGFR)
mutations.3–5 NSCLC is closely associated
with inflammation and chronic infection.6,7

The tumor microenvironment of lung
cancer is composed of tumor cells, inflam-
matory cells, and fibroblasts, among others.
It is postulated that tumor progression may
be promoted by a variety of inflammatory
factors, which may eventually affect chemo-
therapeutic efficacy.8

For patients treated with EGFR tyrosine
kinase inhibitors (EGFR-TKIs), it is
unknown whether inflammatory factors
affect the antitumor efficacy of targeted
drugs. To date, the EGFR mutation status
remains an extremely powerful predictive
factor. However, only some patients with
EGRF-mutated cancer benefit from tar-
geted therapy. Hence, other predictive fac-
tors are needed to complement the

mutation status, such as biomarkers of sys-
temic inflammatory responses.

Over the last decade, hematological
inflammatory response markers such as
the platelet/lymphocyte ratio (PLR) and
C-reactive protein/albumin ratio (CAR)
have been studied as prognostic factors in
patients with various cancers.9,10 Studies
found that the T cell population is predom-
inant in the tumor microenvironment com-
pared with the abundance of other
inflammatory cells such as natural killer
cells. Tumor-infiltrating T cells in advanced
lung cancer could cause malignancy-
induced immunosuppression, which proba-
bly weakens the antitumor effect of targeted
therapy for advanced NSCLC. In addition,
several reports revealed that high baseline
platelet counts were closely associated
with shorter overall survival (OS) in
patients with advanced NSCLC.11,12

Although PLR has been extensively investi-
gated in different tumor categories, few
studies have examined the predictive rela-
tionship between PLR and the efficacy of
EGFR-targeted therapy.

Therefore, we analyzed the predictive util-
ity of PLR in patients with EGFR-mutated
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NSCLC to verify our hypothesis regarding
its prognostic role in such patients.

Patients and Methods

Patients

This was a retrospective study of patients
with advanced NSCLC who received
EGFR-targeted therapy at Dongguan
People’s Hospital, Southern Medical
University from May 2014 to December
2017. The inclusion criteria were age �18
years, life expectancy of 4 weeks or more,
adequate bone marrow function, a diagno-
sis of stage IIIB (with pleural effusion) or
stage IV NSCLC (The International
Association for the Study of Lung Cancer
7th edition of Tumor Node Metastasis
Staging classification) harboring EGFR
gene mutations, and no prior receipt of
antitumor treatment. EGFR mutations
were identified in tumor tissues using stan-
dard sequencing methods. Patients were
excluded from the study if they met the fol-
lowing criteria: allergy to targeted thera-
pies, primary organ failure, pregnancy,
hematological or autoimmune disease, seri-
ous liver or kidney dysfunction, and missing
follow-up data. The clinical data of the
included patients were collected carefully.
The present study was approved by the
Ethics Committee of Dongguan People’s
Hospital (approval date, 16 November
2017), and the study was conducted accord-
ing to the Declaration of Helsinki. Patients
provided informed written consent.

Clinical management

All patients with advanced NSCLC in the
study were treated with a standard dose of
EGFR-TKIs, including gefitinib, erlotinib,
and icotinib. Approximately 3 days before
initial treatment, the following data were
evaluated: detailed clinical history, physical

examination, radiographic results, patho-

logical diagnosis, and laboratory parame-

ters including complete blood cell counts

and albumin levels. Patients received tar-

geted therapy daily until unendurable

toxicity or disease progression occurred.

All patients were followed for at least

6 months after the initiation of EGFR-

TKI therapy. Computed tomography,

radionuclide bone scan, and magnetic reso-

nance imaging were conducted to evaluate

treatment efficacy. Tumor response was

evaluated according to the Response

Evaluation Criteria in Solid Tumors.

Disease control was defined as complete

response, partial response (PR), stable dis-

ease (SD), or progression disease (PD).

Toxicities were recorded according to the

National Cancer Institute Common

Terminology Criteria for Adverse Events

version 3.0.

Statistical analysis

All statistical analyses were performed

using SPSS version 22.0 (IBM, Armonk,

NY, USA). We selected the cutoff for

PLR using receiver operating characteristic

(ROC) curve analysis. The associations of

PLR with clinicopathological parameters

were assessed via Pearson’s chi-squared

test. PFS was defined as the time from the

start of the treatment to disease progression

or death, with data censored for patients

alive without progression at the last

follow-up visit. The cutoff date for PFS

data was 28 June 2018. By that time, suffi-

cient data had been collected to analyze the

efficacy and toxicities of targeted therapy.

The objective response rate (ORR) and dis-

ease control rate (DCR) were also recorded.

Estimates of PFS were calculated using the

Kaplan–Meier method, and two-sided 95%

confidence intervals (CIs) were obtained.

A two-sided log-rank test was used to

Liu et al. 3



compare PFS between different PLR
groups. Prognostic analysis was conducted
using univariate and multivariate Cox
regressions models. Variables significant at

P< 0.05 in the univariate analysis of PFS
were included in the subsequent multivari-
ate analysis. Two-sided P< 0.05 was con-
sidered statistically significant.

Table 1. Correlations between PLR and patient characteristics before targeted therapy.

Characteristic Cases (n¼ 96) PLR< 190 (n¼ 45) PLR � 190 (n¼ 51) P

Age (years)

<65 57 (59.4%) 28 (62.2%) 29 (56.9%) 0.59

�65 39 (40.6%) 17 (37.8%) 22 (43.1%)

Sex

Male 40 (41.7%) 17 (37.8%) 23 (45.1%) 0.47

Female 56 (58.3%) 28 (62.2%) 28 (54.9%)

ECOG PS

<2 71 (73.9%) 32 (71.1%) 39 (76.5%) 0.55

�2 25 (26.1%) 13 (28.9%) 12 (23.5%)

Tumor location

Left 41 (42.7%) 23 (51.1%) 18 (35.3%) 0.12

Right 55 (57.3%) 22 (48.9%) 33 (64.7%)

Smoking

Yes 21 (21.9%) 9 (20%) 12 (23.5%) 0.68

No 75 (78.1%) 36 (80%) 39 (76.5%)

Metastases

<3 53 (55.2%) 27 (60%) 26 (50.9%) 0.38

�3 43(44.8%) 18 (40%) 25 (49.1%)

Brain metastasis

Yes 38 (39.6%) 21 (46.7%) 17 (33.3%) 0.18

No 58 (60.4%) 24 (53.3%) 34 (66.7%)

Pleural effusion

No 44 (45.8%) 24 (53.3%) 20 (39.2%) 0.17

Yes 52 (54.2%) 21 (46.7%) 31 (60.8%)

BMI

<25 75 (78.1%) 34 (75.6%) 41 (80%) 0.57

�25 21 (21.9%) 11 (24.4%) 10 (20%)

Albumin (g/L)

<40 75 (78.1%) 33 (73.3%) 42 (82.4%) 0.29

�40 21 (21.9%) 12 (26.7%) 9 (17.6%)

EGFR mutation status

Exon 19 del 44 (45.8%) 18 (40%) 26 (51%) 0.45

Exon 21 L858R 44 (45.8%) 22 (48.9%) 22 (43.1%)

Other 8 (8.4%) 5 (11.1%) 3 (5.9%)

Drugs

Gefitinib 46 (47.9%) 22 (48.9%) 24 (47.1%) 0.98

Erlotinib 12 (12.5%) 5 (11.1%) 7 (13.7%)

Icotinib 36 (37.5%) 17 (37.8%) 19 (37.3%)

Afatinib 2 (2.1%) 1 (2.2%) 1 (1.9%)

PLR, platelet/lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass

index; EGFR, epidermal growth factor receptor; del, deletion.
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Results

Patient characteristics

Ninety-six patients with cytological or his-
tological confirmed NSCLC were enrolled
in this study. As presented in Table 1, all
clinical characteristics were comparable
between the included patients after group-
ing by PLR. The median age at the time of
diagnosis was 61 years (range, 27–83 years),
and 58.3% of patients were women.
Most patients had a Eastern Cooperative
Oncology Group performance status of
0–2 (90.6%) and sensitive EGFR mutations
(95.8%), including exon 19 deletion and
exon 21 L858R. All patients received treat-
ment with first-line EGFR-TKIs as follows:
gefitinib (250 mg/day) in 46 patients, icoti-
nib (375 mg/day) in 36 patients, erlotinib

(150 mg/day) in 12 patients, and afatinib

(40 mg/day) in 2 patients. There was no dif-

ference in the rates of use of each drug

between the high and low PLR groups.

The follow-up period ranged from 5.1 to

49.2 months (median, 21.7 months). No

patients discontinued EGFR-TKI treat-

ment because of severe adverse events. At

the end of the last follow-up, 83 patients

exhibited tumor progression.
The mean PLR and albumin level were

198 (range, 53–489) and 36.9 g/L (range,

25.1–45 g/L), respectively. According to

the ROC curves, the optimal cutoff for

PLR was 190, corresponding to maximum

joint sensitivity and specificity. For PLR,

the area under the ROC curve for PFS

was 0.667, and the sensitivity and specificity

were 64.7 and 64.4%, respectively

(Figure 1). Based on the cutoff of 190, 51

Figure 1. ROC curves for pretreatment PLR.
ROC, receiver operating characteristic; PLR, platelet/lymphocyte ratio.
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patients (53.1%) had high pretreatment
PLR (�190). Patients were also divided
into subgroups according to the lower
limit level of serum albumin (<40 g/L
versus �40 g/L). The relationships of
clinicopathological parameters with pre-
treatment PLR in patients with EGFR-
mutated NSCLC are presented in Table 1.
There were no statistically significant differ-
ences between the two PLR groups.

Prognostic factors

The PLR< 190 group included 28 patients
with PR, 13 patients with SD, and 4 patients
with PD. Conversely, the PLR �190 group
included 27, 14, and 10 patients with PR,
SD, and PD, respectively. There was no sig-
nificant difference of ORR (62.2% versus
52.9%) and DCR (91.1% versus 80.4%)
between the two groups (Table 2).
However, Kaplan–Meier analysis illustrat-
ed that patients in the PLR �190 group
who received EGFR-TKIs had significantly
shorter PFS than those in the PLR< 190
group (P¼ 0.009, Table 2). The 1-year
PFS rate in the PLR � 190 group was
lower than that in the PLR< 190 group
(55.6% versus 27.5%, P¼ 0.008, Table 2).
Further analyses were performed to

demonstrate whether PLR is an indepen-
dent predictor for PFS in patients with
NSCLC treated with EGFR-TKIs.

In univariate analysis, PLR (P¼ 0.011),
pleural effusion (P¼ 0.026), and albumin
levels (P¼ 0.001) were significantly associ-
ated with PFS (Table 3). In the multivariate
Cox regression model, PLR (hazard
ratio [HR]¼ 1.781, 95% CI¼ 1.123–2.825,
P¼ 0.014) and albumin levels (HR¼
0.388, 95% CI¼ 0.21–0.715, P¼ 0.002)
were significantly associated with PFS,
whereas pleural effusion was not predictive
of PFS (Table 3). The Kaplan–Meier PFS
curves for patients treated with
EGFR-TKIs as stratified by PLR and albu-
min levels are presented in Figures 2 and 3.

PLR and toxicities

The primary toxicities possibly related
to EGFR-targeted therapy are listed in
Table 4. Adverse events were generally
mild in both PLR groups. The most
common grade 1/2 adverse events in both
groups were non-hematologic toxicities,
including rash, aminopherase elevation,
anorexia, and fatigue. There were no signif-
icant differences in grade 1/2 adverse event
rates between the groups (Table 4).

Table 2. Efficacy results of patients according to pretreatment PLR.

Variable PLR< 190 (n¼ 45) PLR � 190 (n¼ 51) P

Response

PR, n (%) 28 (62.2%) 27 (52.9%)

SD, n (%) 13 (28.9%) 14 (27.5%)

PD, n (%) 4 (8.9%) 10 (19.6%)

Response rate, % 62.2% 52.9% 0.36

95% CI 37.3–67.2 44.1–69.8

Disease control rate, % 91.1% 80.4% 0.14

95% CI 70.3–93.3 79.5–96.4

Median PFS (months) 12.4 months 6.6 months 0.009

95% CI 9.5–15.4 4.8–8.4

One-year PFS rate (%) 55.6% 27.5% 0.008

95% CI 40.8–70.3 15.1–39.8

PLR, platelet/lymphocyte ratio; PR, partial response, SD, stable disease; PD, progressive disease; CI, confidence interval;

PFS, progression-free survival.
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Discussion

Targeted therapy is the recommended treat-
ment for patients with EGFR-mutated
advanced NSCLC. The efficacy and toxic-
ities of targeted therapy are closely related
to the EGFR mutation status. To date, no

predictive factor for targeted therapy
excluding the EGFR status has been exten-
sively applied in the clinic. Previous studies
investigated the utility of several bio-
markers for predicting the prognosis of
NSCLC, such as PLR, neutrophil counts,
and CAR. However, the predictive roles

Table 3. Univariate and multivariate analyses of PFS in patients with advanced NSCLC.

Variable Univariate HR (95% CI) P Multivariate HR (95% CI) P

Age

<65 1

�65 0.717 (0.458–1.122) 0.145

Sex

Male 1

Female 1.153 (0.742–1.792) 0.526

ECOG PS

<2 1

�2 1.134 (0.68–1.893) 0.629

Tumor location

Left 1

Right 1.5 (0.956–2.352) 0.078

Smoking

Yes 1

No 1.18 (0.68–2.047) 0.555

Metastases

<3 1

�3 1.4 (0.898–2.183) 0.137

Brain metastasis

Yes 1

No 0.741 (0.474–1.159) 0.189

Pleural effusion

No 1 1

Yes 1.649 (1.061–2.562) 0.026 1.185 (0.748–1.879) 0.469

BMI

<25 1

�25 1.117 (0.667–1.87) 0.675

Albumin (g/L)

<40 1 1

�40 0.376 (0.208–0.678) 0.001 0.388 (0.21–0.715) 0.002

PLR

<190 1 1

�190 1.795 (1.147–2.811) 0.011 1.781 (1.123–2.825) 0.014

EGFR mutation status

Exon 19 del 1

Exon 21 L858R 1.047 (0.666–1.646) 0.842

PFS, progression-free survival; NSCLC, non-small-cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group

performance status; BMI, body mass index; PLR, platelet/lymphocyte ratio; EGFR, epidermal growth factor receptor;

del, deletion; HR, hazard ratio; CI, confidence interval.
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of these biomarkers are uncertain in the set-
ting of precision medicine. Therefore, we
conducted the present study to identify a
helpful predictive factor for targeted treat-
ment in patients with advanced NSCLC.

Chronic inflammation is involved in
cancer formation and progression. PLR is
a reproducible and inexpensive hematolog-
ical marker that was suggested to be a
marker of thrombotic and inflammatory
conditions.13,14 As previously reported, ele-
vated pretreatment PLR in peripheral
blood is an independent prognostic factors
for various cancers, including advanced
NSCLC.15,16 One study revealed that high
pretreatment PLR was associated with poor
survival rates in patients with NSCLC.
Nonetheless, the marker was not associated
with the response to chemoradiotherapy.17

Another study revealed that PLR was a
prognostic marker in patients with

metastatic NSCLC who received nivolumab
independently of other prognostic factors.18

To date, it remains unknown whether PLR
is a prognostic factor for patients diagnosed
with EGFR-mutated NSCLC.

In our study, we found that pretreatment
PLR was significantly associated with PFS
in patients with NSCLC who received
EGFR-targeted therapy. Patients in the
PLR �190 group had shorter PFS than
those in the PLR< 190 group (P¼ 0.009).
Furthermore, the 1-year PFS rate in the
PLR �190 group was inferior to that
in the PLR< 190 group (P¼ 0.016).
Multivariate analysis indicated the possible
role of PLR as a prognostic factor for
patients with advanced NSCLC who
received EGFR-targeted therapy. In this
study, we found that hypoalbuminemia
was negatively associated with the efficacy
of EGFR therapy, which is in line with the

Figure 2. Kaplan–Meier curves for progression-free survival according to pretreatment PLR.
PLR, platelet/lymphocyte ratio.
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Figure 3. Kaplan–Meier curves for progression-free survival according to the albumin level.

Table 4. Treatment-related toxicities in patients according to PLR.

Grade 1/2 Grade 3/4

Toxicity

PLR< 190

(n¼ 45)

PLR � 190

(n¼ 51) P

PLR< 190

(n¼ 45)

PLR � 190

(n¼ 51) P

Rash 12 17 0.483 4 7 0.463

Pruritus 6 8 0.748 0 0

Dizziness 3 8 0.17 0 0

Fever 3 7 0.263 0 0

Diarrhea 9 5 0.161 1 7 0.042

Fatigue 6 12 0.206 0 2 0.183

Nausea 7 10 0.608 0 0

Vomiting 9 7 0.416 0 0

Anorexia 10 19 0.112 0 0

Aminopherase elevation 12 18 0.368 1 0 0.289

Dyspnea 6 6 0.819 1 4 0.22

Hemorrhage 1 5 0.128 0 1 0.35

PLR, platelet/lymphocyte ratio.
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results of previous reports on several cancer
types. Because the number of patients in
this study was relatively small, further stud-
ies are needed to illuminate the relationship
between PLR and survival in patients with
EGFR-mutated NSCLC.

Our study revealed that PLR is a superi-
or independent prognostic factor in patients
with EGFR-mutated advanced lung cancer.
In the recent decade, only the EGFR muta-
tion status has been an effective predictive
biomarker for efficacy and toxicity for tar-
geted therapies such as gefitinib and erloti-
nib.19,20 Recent studies did not consider the
crucial impact of pretreatment PLR on
therapeutic outcomes in patients receiving
EGFR-TKIs compared with studies of che-
motherapy and immunotherapy in
advanced NSCLC. This study revealed
that pretreatment PLR and albumin levels
could be predictive of the efficacy of tar-
geted therapy for NSCLC.

Nonetheless, this study had several limi-
tations. First, this was a retrospective anal-
ysis with a relatively small number of
patients with NSCLC. Hence, comprehen-
sive multivariable analyses were not possi-
ble in the study. Second, the results were
inevitably affected by residual confounding
factors such as NLR, CAR, and hyperfibri-
nogenemia. Third, there may have been an
elevated risk of patient selection bias in the
study because this was a single-center inves-
tigation. Finally, four EGFR-targeted ther-
apies were used, although previous studies
proved that these drugs had similar effica-
cy.21,22 However, the correlation of high
pretreatment PLR with poor PFS was sta-
tistical significant and of vital importance
clinically.

In conclusion, our study illustrated that
pretreatment PLR may be an independent
prognostic factor for patients with NSCLC
receiving EGFR-TKI treatment. High pre-
treatment PLR may predict poor PFS for
such patients. Further studies are needed to
clarify the impact of pretreatment PLR on

the outcome of EGFR-TKI treatment.
Translational research is suggested to fur-
ther investigate the mechanism of our clin-
ical findings.
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