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Abstract

Background

Current studies have revealed that the platelet to lymphocyte ratio (PLR) may lead to a poor

prognosis in lung cancer patients receiving immunotherapy. We conducted a meta-analysis

to explore the prognostic value of PLR in lung cancer patients receiving immunotherapy.

Methods

We retrieved potential studies from the PubMed, Web of Science, Embase, and Scopus

databases up to June 2021 and merged the hazard ratios (HRs) and the corresponding 95%

confidence intervals (CIs) to evaluate the association between PLR and overall survival

(OS) or progression-free survival.

Results

Fourteen studies involving 1761 patients were included in our meta-analysis. The results

indicated that an elevated level of pretreatment PLR was associated with poorer OS and

PFS in lung cancer patients receiving immunotherapy (OS: HR = 1.88, 95% CI: 1.37–2.58;

PFS: HR = HR = 1.40, 95% CI: 1.11–1.76). The association remained consistent after sub-

group analysis and was robust even after sensitivity analysis.

Conclusions

PLR may be a prognostic factor of lung cancer patients receiving immunotherapy, which

can lead to worse survival outcomes. However, further studies are necessary for evidence

in clinical application.
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Introduction

According to novel cancer statistics, lung cancer remains a common form of cancer whose

incidence and mortality rate rank second and first, respectively [1]. Due to advances in diag-

nostic and therapeutic approaches, the prognosis of lung cancer patients is still worse than that

of patients with other types of cancer, with a 5-year relative survival rate less than 20% [1,2].

As the concept of precision medicine develops rapidly, promising types of treatment,

including tyrosine kinase inhibitors (TKIs) [3] and immune checkpoint inhibitors (ICIs) [4],

have appeared and brought extensive revolution to the therapy for patients with advanced

non-small-cell lung cancer (NSCLC) with or without driver gene mutations. Recently, immu-

notherapy dominated by ICIs targeting programmed death 1 (PD-1), programmed death

ligand 1 (PD-L1), and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) proved to be

more effective than traditional chemotherapy and benefitted patients with various kinds of

tumors [5,6]. Notwithstanding, only a minority of ICI recipients could obtain a good outcome

of survival, while others experienced resistance [7,8], immune-related adverse events (irAEs)

[9], or progression [10,11], suggesting the significance of identifying the appropriate popula-

tion for immunotherapy precisely. To date, several biomarkers based on tissue samples have

been applied in clinical practice, such as PD-L1 expression [12] and tumor mutational burden

(TMB) [13]. Nevertheless, these techniques are expensive and invasive and fail to display the

roles of predictors for ICI response and prognosis in NSCLC patients [14,15]. Instead, some

serum biomarkers, such as neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio

(PLR), Glasgow Prognostic Score (GPS), and modified Glasgow Prognostic Score (mGPS),

which are easy to obtain from routine clinical methods, showed good prognostic significance

in NSCLC patients [16–18]. However, whether they can help identify immunotherapy recipi-

ents has been poorly studied. Thus, we aimed to explore the prognostic value of the PLR in

immunotherapy recipients with lung cancer by conducting a meta-analysis and hope to

redound on clinical determination.

Methods

Ethics statement

All procedures performed in studies that involved human participants were in accordance

with the ethical standards of the institutional and/or national research committee and with the

1964 Helsinki Declaration and its later amendments or comparable ethical standards. For this

type of study, formal consent is not needed.

Protocol and registration

The present meta-analysis was reported in accordance with the Preferred Reporting Items for

Systematic Review and Meta-Analyses (PRISMA) statement [19] and was registered at the

International Prospective Register of Systematic Reviews (PROSPERO): number

CRD42021258295.

Search strategy

The systematic search of the literature was performed in the PubMed, Web of Science, Scopus,

and Embase databases up to June 2021 without restriction for publication years. The following

words were used to evaluate the association between PLR and survival in lung cancer patients

receiving immunotherapy: “pulmonary neoplasms”, “lung cancer”, “immunotherapy”,

“immune checkpoint inhibitor”, “programmed death 1”, and “platelet-to-lymphocyte ratio”.

Additional articles were manually retrieved from the reference lists of relevant articles, and the
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included articles were restricted to English. The detailed search strategy for PubMed is pre-

sented in S1 File.

Eligibility criteria

Studies were included if they met the following criteria: 1) all patients were pathologically diag-

nosed with lung cancer and received immunotherapy; 2) studies investigated the prognostic

value of PLR; 3) the outcomes included the OS or PFS with hazard ratios (HRs) and corre-

sponding 95% confidence intervals (95% CIs); 4) retrospective or prospective studies with the

full-text paper published before June 2021; and 5) the latest study was included if several stud-

ies had an overlapping population.

Studies were excluded if they met the following criteria: 1) reviews, conference abstracts, case

reports, letters, or comments; 2) laboratory studies of clinical samples, cell lines, or animals; 3)

insufficient data of PLR or lack of control; 4) full-text paper written in English was not available.

Data extraction

Two researchers independently extracted the following data from the eligible studies: family name

of the first author, year of publication, study design, ethnicity, follow-up (months), sample size,

type of immune checkpoint inhibitor, detection time, PLR cutoff value, and outcomes with HRs

and their corresponding 95% CIs. Any disagreement was resolved by discussion and consensus.

Risk of bias assessment

The risk of bias of each study included was assessed by the Newcastle–Ottawa quality assess-

ment Scale (NOS), and studies labeled with 6 points or higher were regarded as high-quality

studies [20].

Statistical analysis

Statistical analysis was performed via R (version 4.0.3) and R Studio (version 1.3.1). HRs from

the multivariate analysis were used wherever available, and HRs from univariate analysis were

substitutes if only the univariate analysis was performed. In addition, HRs were estimated by

applying the Tierney method if they were not provided directly [21]. Pooled HRs and 95% CIs

were combined with the random effects or fixed effects model according to the heterogeneity.

Heterogeneity was assessed by forest plots, Q tests, and I2 statistics. Significant heterogeneity

was defined as a p value < 0.05 and I2 > 50%, and the random effects model was used. Other-

wise, we chose the fixed effects model. Subgroup analyses were performed to investigate poten-

tial confounding factors of this meta-analysis. Sensitivity analysis was conducted by excluding

each study independently from our meta-analysis to determine the overrepresentation of

every single study. Publication bias was evaluated by Begg’s test and funnel plots. A P

value < 0.05 was considered statistically significant.

Results

Literature search and risk of bias assessment

The PRISMA flow diagram and checklist of this meta-analysis are presented in Fig 1 and the

S1 Checklist. A total of 309 separate publications were initially retrieved through our search

strategy, and 206 articles remained after removing duplicates. We found 65 potentially eligible

studies according to titles and abstracts and then screened the full-text versions of them.

Finally, 14 studies were included in this meta-analysis. The NOS scores varied from 6 to 9,

which demonstrated a low risk of bias in these studies.
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Characteristics of the included studies

The main characteristics of all 14 studies that met our inclusion and exclusion criteria are dis-

played in Table 1 [22–35]. All 14 studies were retrospective, and 7 studies enrolled Asian

patients, while 7 studies enrolled European patients. The sample size ranged from 24 to 404,

with a sum of 1761. Most studies only analyzed the pretreatment PLR, and only 4 studies eval-

uated the results of posttreatment PLR. All studies defined OS as the time from inclusion to

the date of death or last follow-up, and PFS was defined as the time from the initial date of

immunotherapy to the date of progression or death.

Impact of the PLR on OS and PFS

A total of 13 studies on 1731 patients receiving immunotherapy contributed to the primary

meta-analysis. From the pooled analysis of PLR and OS, we found that a higher pretreatment

PLR was associated with poorer OS with high heterogeneity (HR = 1.88, 95% CI: 1.37–2.58,

p<0.01, I2 = 85%, p<0.01) (Fig 2A). However, the posttreatment PLR did not seem to be

Fig 1. PRISMA flow diagram of the literature search in this meta-analysis.

https://doi.org/10.1371/journal.pone.0268288.g001
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Table 1. Main characteristics of the studies included.

Source Design Ethnicity MFP (months) Sample size ICI Detection time Cutoff value Outcome NOS

Diem 2017 RO European NA 52 N Pre 262 OS 6

Suh 2017 RO Asian 26.2 54 N, P Pre, Post 169 OS, PFS 8

Svaton 2018 RO European NA 120 N Pre 169.1 OS, PFS 7

Takeda 2018 RO Asian NA 30 N Pre, Post 150 PFS 6

Dusselier 2019 RO European NA 59 N Pre, Post 262 OS 8

Liu 2019 RO Asian 6.9 44 N Pre 144 OS, PFS 6

Pavan 2019 RO European 56.3 184 N, P, A Pre 180 OS, PFS 8

Jiang 2020 RO Asian 7.1 76 N, D Pre, Post 168.13 OS, PFS 6

Katayama2020 RO Asian NA 81 A Pre 262 OS, PFS 6

Matsubara 2020 RO Asian NA 24 A Pre 150 OS 8

Russo 2020 RO European NA 187 N Pre 200 OS, PFS 7

Takada 2020 RO Asian 13.8 226 N, P Pre 245 OS, PFS 7

Ksienski 2021 RO European 9.2 220 P Pre 441.8 OS 8

Lobefaro 2021 RO European 29.0 404 NA Pre 255 OS, PFS 9

Abbreviation: MFP: Median follow-up; ICI: Immune checkpoint inhibitor; NOS: Newcastle–Ottawa quality assessment Scale; RO: Retrospective study; NA: Not

available; N: Nivolumab; P: Pembrolizumab; A: Atezolizumab; D: Durvalumab; Pre: Pretreatment; Post: Posttreatment; OS: Overall survival; PFS: Progression-free

survival.

https://doi.org/10.1371/journal.pone.0268288.t001

Fig 2. Forest plot of the association between PLR and OS of lung cancer patients receiving immunotherapy. a)

Forest plot of pretreatment PLR; b) Forest plot of posttreatment PLR.

https://doi.org/10.1371/journal.pone.0268288.g002
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correlated with OS, with small data from only 3 studies (HR = 1.47, 95% CI: 0.86–2.54,

p = 0.16, I2 = 29%, p = 0.25) (Fig 2B). For PFS, 10 studies with 1406 patients were analyzed,

and we found that a higher pretreatment PLR was also associated with worse PFS with high

heterogeneity (HR = 1.40, 95% CI: 1.11–1.76, p<0.01, I2 = 76%, p<0.01) (Fig 3A). Addition-

ally, the posttreatment PLR was not related to PFS from the pooled analysis of only 4 studies

(HR = 1.34, 95% CI: 0.77–2.33, p = 0.30, I2 = 42%, p = 0.16) (Fig 3B).

Subgroup analysis

To detect the potential origins of the heterogeneity among the included studies, we then con-

ducted subgroup analyses according to ethnicity, sample size, median follow-up (months), and

cutoff value. As displayed in Table 2, the OS and PFS for most subgroups showed a similar

trend to the primary analysis. However, the pretreatment PLR was not related to PFS in the

European, small sample size (<100), and low cutoff value (<169) subgroups. Interestingly, the

pretreatment PLR was significantly unrelated to both OS and PFS in studies whose median fol-

low-up was unavailable (HR = 1.69, 95% CI: 0.98–2.92, p = 0.06, I2 = 80%, p<0.01). Surpris-

ingly, the pooled HR of the higher cutoff value subgroup appeared to be less than that of the

subgroup with a lower cutoff value (OS: 1.71 to 3.62, PFS: 1.31 to 1.98). Regardless, the differ-

ences were not statistically significant (OS: p = 0.06, PFS: p = 0.36), and the heterogeneity of

the high cutoff value subgroup was high (I2 = 86%, p<0.01).

Sensitivity analysis

Subsequently, we conducted a sensitivity analysis to further explore the potential cause of het-

erogeneity for OS and PFS (Fig 4A and 4B). As shown, the pooled HRs and corresponding

Fig 3. Forest plot of the association between PLR and PFS of lung cancer patients receiving immunotherapy. a)

Forest plot of pretreatment PLR; b) Forest plot of posttreatment PLR.

https://doi.org/10.1371/journal.pone.0268288.g003
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95% CIs were robust in our meta-analysis. Nevertheless, when excluding the study of Svaton

[33], the heterogeneity was significantly reduced for both OS (I2 = 46%, p = 0.04) and PFS (I2

= 38%, p = 0.11), suggesting that this study might be the main source of heterogeneity. There-

fore, we conducted an additional analysis for OS and PFS after removing the study of Svaton,

and the results showed that elevated pretreatment PLR was still associated with poor OS

(HR = 1.97, 95% CI: 1.55–2.51, p<0.01) and PFS (HR = 1.45, 95% CI: 1.25–1.68, p<0.01).

Publication bias

Funnel plots and Begg’s test were applied to assess publication bias. The funnel plots for OS

and PFS were basically symmetrical (Fig 5A and 5B), and the results of Begg’s test showed that

there was no significant publication bias (OS: p = 0.81, PFS: p = 0.65).

Discussion

The results of our meta-analysis demonstrated the prognostic value of the PLR in lung cancer

patients receiving immunotherapy. From a total of 14 studies on 1761 patients, we found that

an elevated pretreatment PLR was significantly associated with poorer OS and PFS in these

patients. However, the posttreatment PLR was unrelated to either OS or PFS, but the results

were from only 3 and 4 studies, respectively. Furthermore, pretreatment PLR may have a

worse effect on Asian patients than on European patients. Lung cancer remains the main

cause of cancer death globally [1], and recently, immunotherapy has been a novel approach for

cancer treatment through targets, such as PD-1, PD-L1, and CTLA-4, to enhance the patients’

immune system [5,6]. Immunotherapy proved to be effective in many types of cancer [36,37];

however, not all patients can benefit from immunotherapy. Previous studies demonstrated

that PD-L1 expression level tests in tissue samples [38], tumor mutation burden (TMB) [39],

and microsatellite instability (MSI) [40] might be predictive or prognostic factors for immuno-

therapy. However, these examinations are either expensive or invasive, and some patients can-

not benefit from these examinations, perhaps due to differences in immune status among

Table 2. Results of subgroup analysis.

N OS N PFS

Association Heterogeneity Association Heterogeneity

HR (95%CI) p I2 p HR (95%CI) p I2 p

Ethnicity

Asian 6 2.23 (1.65, 3.00) <0.01 19% 0.29 6 1.48 (1.06, 2.08) 0.02 51% 0.07

European 7 1.54 (1.06, 2.25) 0.02 83% <0.01 4 1.32 (0.97, 1.81) 0.08 82% <0.01

Sample size

<100 7 2.44 (1.52, 3.91) <0.01 48% 0.07 5 1.58 (0.98, 2.56) 0.06 59% 0.04

�100 6 1.56 (1.10, 2.21) 0.01 87% <0.01 5 1.31 (1.02, 1.69) 0.03 80% <0.01

Median follow-up (months)

<12 3 2.84 (1.51, 5.36) <0.01 36% 0.21 2 3.10 (1.66, 5.78) <0.01 0% 0.95

�12 4 1.72 (1.28, 2.30) <0.01 50% 0.11 4 1.32 (1.08, 1.61) <0.01 15% 0.32

NA 6 1.69 (0.98, 2.92) 0.06 80% <0.01 4 1.27 (0.88, 1.84) 0.20 76% <0.01

Cutoff value

<169 3 3.62 (1.77, 7.37) <0.01 0% 0.48 3 1.98 (0.83, 4.70) 0.122 68% 0.046

�169 10 1.71 (1.24, 2.36) <0.01 86% <0.01 7 1.31 (1.05, 1.64) 0.018 76% <0.01

Overall 13 1.88 (1.37, 2.58) <0.01 85% <0.01 10 1.40 (1.11, 1.76) <0.01 76% <0.01

Abbreviation: N: Number of studies; OS: Overall survival; PFS: Progression-free survival; HR: Hazard ratio; CI: Confidence interval.

https://doi.org/10.1371/journal.pone.0268288.t002
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patients [41]. Therefore, a cheaper and noninvasive method for predicting the response and

survival of immunotherapy is necessary. Systematic inflammation has always been considered

to contribute to tumorigenesis and immune abnormalities [42,43], and several inflammation

biomarkers have been proven to be prognostic factors for lung cancer and cancer patients

receiving immunotherapy, such as NLR, GPS, and mGPS [16–18]. Two previous meta-analy-

ses have already focused on and confirmed the association between PLR and lung cancer prog-

nosis, but they did not include any study about immunotherapy recipients, and they did not

discuss the posttreatment PLR [44,45]. Therefore, we focused on PLR and aimed to explore

the association between PLR and the survival of lung cancer patients receiving

immunotherapy.

Previous studies demonstrated that the lung plays a crucial role in the biogenesis of platelets

and can produce nearly 50% of them, suggesting that the interaction between the lung and

platelets may be an important process in the microenvironment of the lung [46], and high

Fig 4. Sensitivity analysis by excluding each study from the meta-analysis. a) Sensitivity analysis for OS; b)

sensitivity analysis for PFS.

https://doi.org/10.1371/journal.pone.0268288.g004

PLOS ONE Platelet-to-lymphocyte ratio and the prognosis of lung cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0268288 May 6, 2022 8 / 14

https://doi.org/10.1371/journal.pone.0268288.g004
https://doi.org/10.1371/journal.pone.0268288


Fig 5. Funnel plots for detecting publication bias. a) funnel plot for OS; b) funnel plots for PFS.

https://doi.org/10.1371/journal.pone.0268288.g005
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pretreatment counts proved to be risk factors for venous thromboembolism in lung cancer

patients, which may lead to a worse outcome of survival [47]. Moreover, platelets play a vital

role in the lung microenvironment. Novel evidence has proposed that platelets are able to edu-

cate tumor cells by structural component transference and special RNA splicing in tumor-

associated signals, which can lead to the altered adverse phenotype of higher proliferation, epi-

thelial-mesenchymal transition (EMT), and stem-like features [48,49]. As the techniques of liq-

uid biopsy are burgeoning, the detection of these tumor-educated platelets (TEPs) may be

useful in cancer diagnosis and prognosis prediction [50].

Two previous meta-analyses also evaluated the prognostic value of PLR and showed a simi-

lar trend to ours. However, the first study by Xu enrolled various kinds of cancers, and only 8

studies were about lung cancer [51]. In addition, their eligibility criteria were not strictly lim-

ited, and many conference abstracts were enrolled, which may lead to the risk of bias and lack

of information for the study design and other details. The second study by Zhang included

only 8 studies on 686 patients, and their analysis mixed the pretreatment and posttreatment

PLR, which may lead to overlapping data [52]. Different from the former studies, we con-

structed stricter eligibility criteria to avoid the risk of bias, included more research articles to

increase the robustness of our results, and analyzed the pretreatment and posttreatment PLR

to avoid duplication. Moreover, we revealed that the sample size and cutoff value might affect

the prognostic value of PLR, and the HRs of PFS in Asian patients might be higher than those

in European patients. We hypothesized that the discrepancy in the immune status among eth-

nicities led to it. Additionally, the posttreatment PLR seemed not to be associated with either

OS or PFS, which may be due to the small sample of articles, so the results should be applied

carefully in clinical practice. Since blood parameters are dynamically changing, follow-up is

especially important.

The current study has some limitations. First, the heterogeneity among our included studies

was high, and when excluding the study of Svaton, the heterogeneity was obviously reduced;

thus, we regarded this research as a potential source of heterogeneity, although it had no signif-

icant bias after our reassessment. Second, all included studies were retrospective, and some

articles did not provide the HRs and corresponding 95% CIs directly, which may attenuate the

robustness of our results. Third, the type of immune checkpoint inhibitor varied greatly

among the included studies, but we could not conduct a subgroup analysis due to a lack of

data.

Conclusion

Generally, the present meta-analysis demonstrated that high pretreatment PLR is a prognostic

factor for lung cancer patients receiving immunotherapy. As a cheap, noninvasive, and easily

available biomarker, pretreatment PLR can help clinicians make early identification of the

immunotherapy recipients’ benefit and prognosis. Moreover, future therapeutic approaches

targeting platelets may also contribute to the efficiency of immunotherapy given that platelets

also play a critical role in tumors. However, given the limitations, the results should be applied

with caution, especially in clinical practice. Moreover, more prospective cohort studies with

large samples and posttreatment follow-up of PLR are needed to confirm our results, and stud-

ies regarding platelets in the tumor microenvironment are also needed.
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