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ARTICLE INFO ABSTRACT

Keywords: Objective: Whether platelet-lymphocyte ratio (PLR) is a prognostic factor for cancer patients treated with im-
Platelet-lymphocyte ratio munotherapy is under debate. In this study, we aimed to evaluate the relationship between PLR and survival of
Immunotherapy cancer patients treated with immune checkpoint inhibitors (ICIs).

2‘;;‘2;31 Methods: A systematical search was performed in databases including PubMed, Embase, and the Cochrane li-

brary to retrieve potential eligible clinical studies assessing the prognosis of cancer patients with high versus low
PLR after immunotherapy, from the establishment of the database to June 2019. Quality evaluation of included
studies was performed, and meta-analyses with regards to overall survival (OS) and progression-free survival
(PFS) were conducted using RevMan 5.3 and STATA 11.

Results: A total of 12 eligible studies with 1340 cancer patients were included. Combined results showed that
elevated PLR was a negative factor affecting the efficacy of ICIs in cancer patients. Patients with high PLR had a
significantly shorter OS compared to those with low PLR (hazard ratio (HR) = 2.02, 95% confidence interval
(CI): 1.46 to 2.80, P < 0.0001), as well as PFS (HR = 1.74, 95%CI: 1.27 to 2.38, P = 0.0006). Similar results
were observed in sensitivity analyses. Subgroup analyses revealed that the prognostic role of PLR on OS and PFS
was dependent on cancer type, region, and cutoff value. For NSCLC patients, the disease stage, ICIs agent, and
line of treatment may not influence the prognostic role of PLR.

Conclusion: PLR could be a routinely potential prognostic factor for ICIs. Low PLR may be associated with better
survival for cancer patients when treated with immunotherapy.

Meta-analysis

1. Introduction

In recent years, the treatment landscape of multiple solid cancers
has changed dramatically. One of the most promising treatment stra-
tegies is immunotherapy [1]. The prognosis of these patients has im-
proved by immunotherapy, especially the immune checkpoint in-
hibitors [1,2]. However, not all of these patients could benefit from
immune checkpoint inhibitors [2]. Therefore, it is necessary to identify
biomarkers that can predict treatment outcomes universally.

Systemic inflammatory response plays an important role in the de-
velopment of tumor [3]. As an effective indicator reflecting the severity
of systemic inflammatory response, attentions have focused on the
predictive role of platelet-lymphocyte ratio (PLR) in recent years [4].
PLR is defined as the ratio of platelets to lymphocytes. Studies show
that platelets and lymphocytes play multiple roles in the inflammatory
response [5-7]. Platelet elevation accelerates tumor progression by

promoting the formation of new blood vessels and the production of
adhesion molecule [8,9]. In contrast, lymphocytes are an important
component of anti-tumor immunity, releasing a range of cytokines that
activate anti-tumor immunity [10]. Recently, the prognosis of multiple
solid tumors is related to a series of inflammatory factors such as PLR
have been confirmed [11,12]. In addition, elevated PLR is closely re-
lated to poor prognosis in a variety of cancer patients [11]. However,
the role of PLR in the prognosis of cancer patients treated with im-
munotherapy remains unclear.

Recent studies have evaluated the significance of PLR in patients
with non-small cell lung cancer (NSCLC), melanoma, and other cancers
[13-18]. The study by Zer et al. [19] reported that there was no sig-
nificant relation between baseline PLR and efficacy of immunotherapy
when using a cutoff value of 200. Other studies suggested a strong as-
sociation between clinical outcomes and PLR [13-18]. More recently, a
meta-analysis also evaluated the prognostic significance of baseline PLR
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in immune checkpoint inhibitor treated cancer patients [20]. They
found no significant relevance between PLR and survival of these
cancer patients. These studies suggest that using PLR to predict the
prognosis of cancer patients treated with immunotherapy remains
controversial. To clarify this issue, we conducted a meta-analysis to
assess the predictive role of PLR in relation to the survival of cancer
patients treated with immunotherapy.

2. Materials and methods

This study was performed according to the criteria of the Cochrane
Handbook and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). This study was not registered.

2.1. Search strategy

The systematical search was performed in databases including
PubMed, the Cochrane library, and EMBASE without language limita-
tion. The search time was from the establishment of the database to
June 2019. Two reviewers conducted literature search and preliminary
screening of the literature, independently. The mesh terms and free
terms were used in different combination, and these terms were
“Platelet to lymphocyte ratio”, “PLR”, “immune checkpoint inhibitor”,
“immunotherpay”, “nivolumab”, “ipilimumab”, “pembrolizumab”,
“atezolizumab”, and “programmed death 1 receptor antibody”. The
search was further expanded by manually checking related references.
The corresponding author was contacted if there was not enough data.
When there was an inconsistency, it was resolved through discussion or
determined by a third reviewer to ensure the stability of the results.

2.2. Inclusion and exclusion criteria

Inclusion criteria were as following: (1) the diagnosis of cancer was
confirmed by histopathology or other essential evidences; (2) adequate
and accurate definition of PLR and its pre- and/or post-treatment cutoff
values; (3) assessing the relationship between pre- and/or post-treat-
ment PLR levels and survival outcomes. Exclusion criteria: (1) reviews,
comments, letters, expert opinions, summary of meetings or reports; (2)
insufficient data about the PLR and survival.

2.3. Study screening and data extraction

Titles and abstracts were read by two reviewers independently, and
excluded non-related studies. For the rest of the studies, the full-texts
were screened to identify references that met the inclusion criteria. If
there was any disagreement, the third reviewer would help solving it.
Data needed to extracted were general information, including title,
author, region, study time, publication time; subjects, sample size,
tumor type, and treatment. The primary endpoint was HR of high
versus low PLR for overall survival, and the secondary was HR of PFS.

2.4. Study quality evaluation

The NOS scale was applied to assess the overall quality of the in-
cluded studies [21]. According to the NOS scale, there are three main
aspects to be evaluated, and they are study population selection (0-4
points: representativeness of cases, selection of controls, exposure as-
certainment, and no death when investigation begin), comparability
(0-2 points: comparable on confounders), and results evaluation (0-3
points: outcome assessment, adequate follow-up, and loss to follow-up
rate.) with maximum 9 points. A high quality study is defined as its NOS
score =6. Low quality literature was excluded after evaluation.

2.5. Statistical analysis

The extracted data were statistically analyzed using Review
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Manager 5.3 and Stata 11.0 software. The statistical effect indicators
used were HR and its related 95% CI. Before the meta-analysis, the x>
test was used for heterogeneity testing. If P > 0.1 and I> < 50%, it
indicated that there was no significant heterogeneity and a fixed effect
model was used. If P < 0.1 and 12 > 50%, it indicated that there was
significant heterogeneity among the included studies, and the random
effect model was applied [22]. When there was significant hetero-
geneity between the eligible studies, a sensitivity analysis was per-
formed to explore the potential source of heterogeneity. To further
examine the source of heterogeneity, we also performed subgroup
analysis with regards to region, PLR thresholds, and cancer type if
possible. With regard to cutoff value of PLR, we used 170 as the
threshold for grouping studies. The funnel plot was used to detect the
publication bias of clinical outcomes. For combined analysis, a
P < 0.05 was considered as there was a significant difference between
the compared two groups.

3. Results
3.1. Literature screening result

According to the above search strategy, 96 articles were retrieved.
After reading the titles and abstracts, 81 of them were discarded. Based
on the mentioned inclusion and exclusion criteria and the quality as-
sessment result, 3 of them were further excluded and a total of 12 ar-
ticles [13-18,23-28] were finally included in the analysis (Fig. 1). All of
them were retrospective studies, involving 1340 cases. All studies re-
ported the relationship between PLR and survival. The baseline in-
formation of the included studies is shown in Table 1. The quality as-
sessment result suggested that all the included were considered as high
quality (Table 2).

3.2. Results of meta-analysis

3.2.1. The relationship between PLR and OS and PFS

Twelve studies [13-18,23-28] reported the relationship between
PLR levels and OS in cancer patients treated with immune checkpoint
inhibitors. The study of Laura [25] showed PLR was significantly as-
sociated with OS without reporting HR. The heterogeneity test showed
significant heterogeneity (P < 0.1, 1> = 91%) between the included
studies, so a random effect model was used. The combined HR was 2.02
(95% CI: 1.46 to 2.80, P < 0.0001), indicating that an increase in PLR
was associated with shorter OS in cancer patients treated with immune
checkpoint inhibitors (Fig. 2A).

Ten studies [13-18,23,24,27,28] reported the relationship between
PLR levels and PFS in cancer patients with immunotherapy treatment.
The heterogeneity test showed significant heterogeneity between the
include studies (P < 0.1, I> = 86%), so the random effect model was
used. The study of Svaton [18] was excluded due to significant het-
erogeneity. The combined HR was 1.74 (95% CI: 1.27 to 2.38,
P = 0.0006), suggesting a significant correlation between PLR and PFS
(Fig. 2B).

3.3. Subgroup analysis in various cancer types

We also performed subgroup analysis to further explore the relation
between PLR, OS and PFS. The main cancer types (non-small cell lung
cancer and other cancers), region (Asia, America, and Europe), and PLR
threshold (< 170 and =170) were used as the factors of subgroup
analysis. As shown in Fig. 3, the prognostic roles of PLR for OS (Fig. 3A)
and PFS (Fig. 3B) were dependent on cancer type. For patients with
NSCLC, the OS (HR = 1.91; 95%CI: 1.40 to 2.61; P < 0.0001) and PFS
(HR = 1.52; 95%CI: 1.27 to 1.82; P < 0.00001) of low PLR group were
significantly better than those with high PLR. The association between
PLR and survival of other cancer patients also exhibited a similar pat-
tern, but not statistically significant for PFS (OS, HR = 2.48,
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Fig. 1. Flow chart of selecting and including eligible studies. After carefully review, a total of 12 retrospective studies are included. Three studies are excluded due to
one of them is a review and the other two studies fail to provide sufficient data on the association between PLR and survival.

P < 0.00001; PFS, HR = 1.84, P = 0.12). progression were found in patients with high PLR when compared to

With regard to cutoff value of PLR, we selected 170 as the threshold those with low PLR (OS, HR =2.10, 95%CI: 1.64 to 2.69,
(Fig. 4). The combined HR from studies using a smaller cutoff value of P < 0.00001, Fig. 4A; PFS, HR = 2.06, 95%CIL: 1.54 to 2.74,
PLR (£170) suggested that significantly increased risks of mortality and P < 0.00001, Fig. 4B). The HRs combined from the studies using cutoff

Table 1

Baseline characteristics of included studies.
Authors Year N Age Sex (M/F) cutoff value Region Cancer type Treatment Outcomes
Bilen 2019 90 NR 53/37 45 America Multiple Immunotherapy 0OS, PFS
Diem 2017 52 66 (46-88) 29/23 262 Europe NSCLC Nivo OS, PFS
Khoja 2016 183 58 (24-89) 115/68 215 America Melanoma Ipi 0OS, PFS
Russo 2018 28 68 (45-82) 25/3 160 Europe NSCLC Nivo 0OS, PFS
Suh 2018 54 68 (43-80) 42/12 169 Asia NSCLC Nivo, Pemb 0S, PFS
Svaton 2018 120 65 71/49 169.1 Europe NSCLC Nivo 0OS, PFS
Laura 2017 65 65 (30-86) 40/25 NR Europe NSCLC Nivo, Pembro or Atezo 0S
Oh 2018 274 NR NR 400 America NSCLC Immunotherapy OS, PFS
Amaral 2019 32 61 (40-82) 20/12 Mean Europe NSCLC Nivo, Pemb 0OS, PFS
Giorgi 2019 313 65(40-84) 235/78 232 Europe RCC Nivo OS, PFS
Liu 2019 44 60 (43-74) 33/11 144 Asia NSCLC Nivo OS, PFS
Qi 2019 85 NR 42/43 164 Asia Multiple Immunotherapy OS, PFS

Abbreviation: N, number; M, male; F, female; NR, not reported; OS, overall survival; PFS, progression-free survival; NSCLC, non-small cell lung cancer; RCC, renal cell
cancer; Nivo, Nivolumab; Ipi, Ipilimumab; Pemb, Pembrolizumab; Atezo, Atezolizumab.
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Table 2

Quality assessment using NOS scale.
Authors  Year  Selection Comparability ~ Outcome Score

A B C D E F G H

Bilen 2019 * * Y ok * * * 9
Diem 2017 * * K * Y 7
Khoja 2016 * * Wk * * * 8
Russo 2018 K X A A KK * * 8
Suh 2018 * Y Y Yk * * 8
Svaton 2018 * * Y Yk * * 8
Laura 2017 K& A K Fk * * 7
Oh 2018 & K *k * * 7
Amaral 2019 #* & & *k * * 7
Giorgi 2019 & Y Y Y hig1s * * * 9
Liu 2019 & * * Y hig+s * * 8
Qi 2019 * Y Y Yk * * * 9

Note: A study can be awarded a maximum of one star for each numbered item
within the Selection and Outcome categories. A maximum of two stars can be
given for Comparability, according to the instruction of NOS.

value = 170 also exhibited similar trend. There was significant differ-
ence in OS (HR = 2.02, P = 0.02) but not PFS (HR = 1.18, P = 0.24)
between low versus high PLR groups (Fig. 4).

The population of the included studies were from Asia (n = 3),
America (n = 3) and Europe (n = 5). For patients from different region
(Fig. 5), the combined estimates of OS (HR = 2.11, 95%CI: 1.70 to
2.62; P < 0.00001, Fig. 5A) and PFS (HR = 1.55, 95%CI: 1.11 to 2.17;
P = 0.01, Fig. 5B) were both significant for European. For patients from
Asia, the combined estimates of OS (HR = 2.83, 95%CI: 1.44 to 5.57;
P =0.003, Fig. 5A) and PFS (HR = 2.31, 95%CI: 1.61 to 3.32;
P < 0.00001, Fig. 5B) were also significantly in favor of low PLR. For
American, high PLR were in favor of increased risk of mortality, but

A r r log[Hazard R E_Weigh
Amaral2019 1.361 0.6056 4.7%
Bilen2019 0.7608 0.2583  9.7%
Diem2017 1411 0513  5.8%
Giorgi2019 0.8629 0.1725 11.2%
Khoja2016 0.001 0.0005 12.7%
Liu2019 16094 0.6069  4.7%
0h2018 0.207 0.1264 11.8%
Qi2019 1.2975 0.3186  8.7%
Russ02018 0.5128 0.1748 11.1%
Suh2018 0.4447 0.3537 8.1%
SVATON2018 0.7031 0.1451 11.6%
Total (95% Cl) 100.0%

Test for overall effect: Z = 4.22 (P < 0.0001)

Amaral2019 1.361 0.6056  4.9%
Bilen2019 0.9708 0.2216 12.2%
Diem2017 0.3221 0.2594 11.2%
Khoja2016 0 0.0015 15.8%
Liu2019 0.9416 0.4201 7.6%
0Oh2018 0.3293 0.1469 14.0%
Qi2019 0.9427 0.2571 11.3%
Russ02018 0.3853 0.1617 13.7%
Suh2018 0.5878 0.3424  9.2%
Total (95% CI) 100.0%

Test for overall effect: Z = 3.43 (P = 0.0006)

Hazard Ratio
IV, Ran
3.90[1.19, 12.78]

4.10[1.50, 11.21]

5.00 [1.52, 16.43]

2.02 [1.46, 2.80]
Heterogeneity: Tau? = 0.22; Chiz = 106.01, df = 10 (P < 0.00001); I* = 91% f

Hazard Ratio

B _Study or Subgroup __log[Hazard Ratio] _ SE Weight IV, Random, 95% Cl
3.90[1.19, 12.78]

1.74 [1.27, 2.38]
Heterogeneity: Tau? = 0.16; Chi? = 57.89, df = 8 (P < 0.00001); I* = 86% !
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there were no significant differences (P > 0.05 for all).

3.4. Subgroup analysis in NSCLC patients

We further assessed the impact of disease stage, immune checkpoint
inhibitor type, and line of treatment on OS and PFS (Supplementary
Fig. 1). As NSCLC is the most common cancer in these studies, the
impact of PLR on OS and PFS in this population is focused. The sub-
group analyses showed that advanced stage NSCLC patients with low
PLR had a significantly better OS when compared to those with high
PLR (I? = 29%, HR = 2.09; 95%CIL: 1.58-2.76, P < 0.01, Supple-
mental Fig. 1A). For NSCLC patients treated with Nivolumab, the OS
was still significantly in favor of low PLR (12 = 38%, HR = 2.24;
95%CI: 1.61-3.11, P < 0.01, Supplementary Fig. 1B). In NSCLC pa-
tients receiving immune checkpoint inhibitor after second or higher line
of treatment, those with low PLR had a significantly prolonged OS
compared to patients with high PLR(I?> = 34%, HR = 2.07;
95%Cl:1.51-2.83, P < 0.01, Supplementary Fig. 1C). Low risk of het-
erogeneity (I < 40%, P > 0.1) was observed in these subgroup ana-
lyses.

In term of PFS, similar results were observed without significant
heterogeneity (all P > 0.1). For NSCLC patients with high versus low
PLR, the PFS were significantly improved in subgroup analyses of dis-
ease stage (advanced stage, I? = 3%, HR = 1.63; 95%CIL: 1.27-2.07,
P < 0.01, Supplementary Fig. 1D), immune checkpoint inhibitor agent
(nivolumab, 12 = 25%, HR = 1.67; 95%Cl: 1.20-2.32, P < 0.01,
Supplementary Fig. 1E), and line of treatment (first or higher line,
I = 0%, HR = 1.43; 95%ClI:1.13-1.81, P < 0.01. second or higher
line, I2 = 45%, HR = 2.01; 95%CI:1.16-3.47, P = 0.01, Supplementary
Fig. 1F).

Hazard Ratio

% Cl IV, Random. 95% Cl

2.14[1.29, 3.55]

2.37[1.69, 3.32]
1.00 [1.00, 1.00]

1.23[0.96, 1.58]
3.66 [1.96, 6.83]
1.67 [1.19, 2.35]
1.56 [0.78, 3.12] —
2.02[1.52, 2.68]

0.1 0.2 0.5 1 2 5 10
Favours High PLR Favours Low PLR
Hazard Ratio

1V, Random, 95% CI

2.64 [1.71, 4.08]
1.38[0.83, 2.29] m
1.00 [1.00, 1.00]
2.56 [1.13, 5.84]
1.39[1.04, 1.85]
2.57 [1.55, 4.25)
1.47 [1.07, 2.02]
1.80 [0.92, 3.52]

014 02 05 1 2 5 10
Favours High PLR Favours Low PLR

Fig. 2. Forest plots of comparison between high versus low PLR in cancer patients treated with immune checkpoint inhibitors. In this illustration of statistical results,
squares represent hazard ratios. The overall impact of PLR on OS and PFS is evaluated using random effect model in various cancer patients. The study of Khoja 2016
is the main source of heterogeneity. A, The combined result suggests the risk of death in patients with high PLR increased by 2.02 times than those with low PLR; B,
For PFS, the risk of disease progression in cancer patients with high PLR is 1.74 times than those with low PLR.
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1.3.1 NSCLC
Amaral2019 1.361 0.6056  5.6%
Diem2017 1411 0513 7.2%
Liu2019 1.6094 0.6069  5.6%
0h2018 0.207 0.1264 24.6%
Russ02018 05128 0.1748 21.6%
Suh2018 0.4447 0.3537 11.9%
Svaton2018 0.7031 0.1451 23.5%
Subtotal (95% Cl) 100.0%

Heterogeneity: Tau? = 0.09; Chi? = 15.88, df =6 (P = 0.01); I = 62%

Test for overall effect: Z = 4.07 (P < 0.0001)

1.3.2 Other cancers

Bilen2019 0.7608 0.2583 25.6%
Giorgi2019 0.8629 0.1725 57.5%
Qi2019 1.2975 0.3186 16.9%
Subtotal (95% Cl) 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 1.89, df = 2 (P = 0.39); I = 0%
Test for overall effect: Z = 6.96 (P < 0.00001)

Hazard Ratio

A _Study or Subgroup __log[Hazard Ratio]  SE Weight IV, Random. 95% Cl

3.90 [1.19, 12.78]
4.10[1.50, 11.21]
5.00 [1.52, 16.43]
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Hazard Ratio
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Hazard Ratio Hazard Ratio

B _Study or Subgroup __log[Hazard Ratio]  SE Weight IV. Random, 95% CI IV. Random, 95% CI
1.6.1 NSCLC
Amaral2019 1.361 0.6056 2.3% 3.90[1.19, 12.78]
Diem2017 0.3221 0.2594 12.8% 1.38[0.83, 2.29] T
Liu2019 0.9416 0.4201 4.9% 2.56 [1.13, 5.84] -
0Oh2018 0.3293 0.1469 39.8% 1.39[1.04, 1.85] —
Russo02018 0.3853 0.1617 32.9% 1.47 [1.07, 2.02] —u
Suh2018 0.5878 0.3424 7.3% 1.80[0.92, 3.52] T
Subtotal (95% Cl) 100.0% 1.52[1.27, 1.82] <&
Heterogeneity: Tau? = 0.00; Chi? = 4.77, df = 5 (P = 0.45); I? = 0%
Test for overall effect: Z = 4.53 (P < 0.00001)
1.6.2 Other cancers
Bilen2019 0.9708 0.2216 32.5% 2.64 [1.71, 4.08] —
Khoja2016 0 0.0015 36.2% 1.00 [1.00, 1.00] 4
Qi2019 0.9427 0.2571 31.4% 2.57 [1.55, 4.25] —
Subtotal (95% Cl) 100.0% 1.84 [0.85, 4.00] el
Heterogeneity: Tau? = 0.43; Chi? = 32.63, df = 2 (P < 0.00001); I* = 94%
Test for overall effect: Z = 1.55 (P = 0.12)
0.1 02 0.5 1 2 5 10
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Test for subgroup differences: Chi? = 0.22, df = 1 (P = 0.64), I = 0%

Fig. 3. Subgroup analyses with regard to cancer type. Due to significant heterogeneity observed in the overall analyses, subgroup analyses of OS and PFS are
performed in term of cancer type. A, the combined results show that high PLR is associated with poor OS, regardless of cancer types; B, subgroup analysis of PFS in
term of different cancer type. Improved PFS is observed in NSCLC patients with low PLR.

3.5. Publishing bias assessment

For OS and PFS, the HRs and their related 95%CIs were combined
and analyzed by funnel plot to assess the publication bias. The results
are shown in Fig. 6A and B. The funnel plots of OS and PFS were not
basically symmetrical, suggests high risk of potential publication bias in
this study. The results of Egger’s test for OS and PFS also indicated that
the risks of publication bias were high (For OS, P = 0.001; for PFS,
P =0.003).

3.6. Sensitivity analysis

In order to explore the potential heterogeneity within the included
studies of OS analysis, the sensitivity analysis was used (Fig. 6C) and
found the results were stable after excluding each one of the included
studies. Due to the significant heterogeneity, we tried to find the
sources of differences. After excluding the studies of Khoja [15] and Oh
[23], the heterogeneity test suggested that there was no significant

heterogeneity (P = 0.22, I> = 25%), and the fixed effect model was
used. The pooled HR for OS in cancer patients with high versus low PLR
was 2.23 (95% CI: 1.83 to 2.72, P < 0.00001), showing a constant
prognostic role of PLR.

Next, we performed sensitivity analysis to find the main source of
heterogeneity in PFS analysis (Fig. 6D), and the results were similar
after excluding each one of the included studies. Due to the significant
heterogeneity, we tried to find the sources of differences. After ex-
cluding three studies [15,18,23], the heterogeneity test showed the P
value was 0.14 (I = 37%), and the fixed effect model was used. The
combined HR was 1.99 (95% CI: 1.53 to 2.58, P < 0.00001), in-
dicating that elevation of PLR was significantly associated with poor
PFS in cancer patients treated with immune checkpoint inhibitors.
Further exclusion of Bilen’s study [13] and Amaral’s study [24], the
heterogeneity test showed that there was no significant heterogeneity
(P > 0.1, I? = 20%), and the pooled HR was 1.75 (95% CI: 1.36 to
2.26, P < 0.0001), still in accordance with the above results.
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Fig. 4. Subgroup analyses with regard to PLR cutoff value. Due to significant heterogeneity observed in the overall analyses, subgroup analyses of OS and PFS are
performed in term of PLR cutoff value. For studies using cutoff value less than 170, low risks of heterogeneity are observed (P > 0.1); A, subgroup analysis of OS in
term of different cutoff value. When using < 170 as the cutoff value of PLR, the risk of mortality in patients with high PLR is 2.10 times higher than those with low
PLR. B, subgroup analysis of PFS in term of different cutoff value. When using < 170 as the cutoff value of PLR, the risk of progression in high PLR patients is 2.06

times than those with low PLR.

4. Discussion

There are convincing evidences suggesting that PLR is related with
traditional clinical treatment outcomes in cancer patients [11]. How-
ever, the role of PLR in predicting efficacy of immunotherapy in various
cancer patients is still controversial. In this study, we investigated the
value of PLR in predicting survival outcomes in various cancer patients
treated with immune checkpoint inhibitors. The results of our study
indicated that cancer patients with high PLR was associated with
shorter OS and PFS after immunotherapy, suggesting elevated PLR
could be a routinely potential prognostic factor for various cancer pa-
tients when receiving immune checkpoint inhibitors, especially for
NSCLC patients.

In this study, a meta-analysis of data from 12 related studies in-
volving a total of 1340 patients was performed to obtain a more ac-
curate assessment of the prognostic significance of PLR for cancer pa-
tients. This study found that patients with high PLR levels had increased
risk of death (HR: 2.02) and disease progression (HR: 1.74). In addition,

the included studies [15,16] indicated that patients with low im-
munotherapy response had a higher PLR ratio, suggesting that PLR may
be used to predict the immunotherapy sensitivity of cancer patients.
Although several kinds of markers, such as tumor mutation burden,
immune-related adverse events, PD-L1 expression, sex, and NLR, have
been suggested to be significantly associated with immune checkpoint
inhibitor efficacy, potential biomarkers to predict the outcome of im-
munotherapy are still needed. PLR can also serve as a predictor of
immune checkpoint inhibitor efficacy. A review by Prelaj [29] ex-
hibited the evidence of PLR was related with poor overall survival in
cancer patients after immunotherapy. A recent meta-analysis [20] in-
cluded four studies to evaluate the association between PLR level and
survival of cancer patients after treating with immune checkpoint in-
hibitors. After combing the extracted data, they found there was no
significant relevance between PLR and clinical endpoints in patients
treated with immune checkpoint inhibitors (HR = 1.14, P > 0.05 for
PFS; HR = 1.35, P > 0.05 for OS). Their results were calculated based
on significant heterogeneity (I> = 61.7% for PFS; I* = 80.2% for OS).
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Fig. 5. Subgroup analyses in term of study region. The studies are grouped into three regions as following: Asia, America, and Europe. Low PLR is associated with low
risk of death and progression regardless of region, though not all the subgroup analyses results are statistically significant. A, OS subgroup analysis in term of different

study regions; B, PFS subgroup analysis in term of different study regions.

However, we found a significant association between PLR and survival
of cancer patients when treated with immune checkpoint inhibitors
with significantly low risk of heterogeneity.

As a simple and routine blood test, it is easy to measure and cal-
culate the value of PLR. Although we found positive connection be-
tween PLR and efficacy of immune checkpoint inhibitors, there are still
several major concerns that should be addressed before applying it in
clinical practice. First issue is about the definition of baseline PLR. All
the studies reported that the PLR was calculated based on baseline

blood test, but there were variations in the definition of baseline, such
as timing of blood test and treatment history. These differences could
increase the risk of heterogeneity. Second issue is about the cutoff value
of PLR. How to identify the optimal value for grouping patients into
high versus low PLR is one of the most challenging questions. The cutoff
values of defining high versus low PLR ranged from 45 to 400 among
the included studies, associated with different risks of death. Our results
suggest that the increase of the cutoff value of PLR is associated with
reduced prognostic effect. It is even not significant for PFS when the
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Fig. 6. Sensitivity analyses for OS and PFS, and Funnel plots for detecting publication bias in terms of survival data. A, sensitivity analysis with regard to studies
included for OS; B, sensitivity analysis with regard to studies included for PFS; C, funnel plot using data of OS to detect publication bias; D, funnel plot using data of

PFS to detect publication bias.

PLR cutoff value is =170, indicating its prognostic role is not reliable.
Third, systemic inflammation has been known as an enabling me-
chanism behind cancer and it is always changing. What is the me-
chanism of using baseline PLR to predict efficacy of immunotherapy in
the setting of a changing system. For these reasons, it should be caution
to apply PLR in clinical practice.

There were some limitations in this study: (1) the present meta-
analysis only included retrospective studies, resulting in a lower
strength of the demonstration than that of the clinical randomized
controlled trials. We also searched unpublished studies or even those
with negative results, trying to minimize the reporting/publication bias
that likely affected the study results; (2) the heterogeneity of this study
may be related to regions, cancer types, and PLR cut-off values. Due to
the small number of samples in the study, heterogeneity in selection
bias was unavoidable. In addition, the PLR threshold in different studies
varied widely. To explore the source of heterogeneity, we performed a
subgroup analysis, and it showed that the predictive role of PLR for
cancer patients was not affected by the above confounding factors; (3)
the baseline characteristics of included studies were different, such as
race, treatment, sample size, PLR cutoff, and disease type and stage,
leading to high risk of selection bias. Therefore, the significance of PLR
in predicting survival of cancer patients treated with immunotherapy
still requires further investigation.

5. Conclusions

The results of this study indicate that cancer patients with elevated
PLR have a poor prognosis in the setting of immune checkpoint in-
hibitors. As it is a cheap and convenient clinical indicator, more

attention should be paid to PLR in clinical significance. The influence of
PLR on the prognosis of cancer patient treated with immunotherapy
needs to be comprehensively evaluated by multi-center RCT.
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