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Platelet-to-lymphocyte ratio
for prognostication in immune
checkpoint inhibitor-treated
cancer patients: a meta-analysis
of 13027 patients highlighting
nivolumab-responsive
renal cell carcinoma
Mingxing Wang1,2, Wanhui Dong3, Jian Chen1, Pantong Wu1,2,
Yuru Wang1,2, Xiaonan Zhang1,2, Yaning Cao1,2, Zhiying Wang2,
Zhixian Zhong4 and Yi Zhong1,2*

1Shanghai TCM-Integrated Hospital, Shanghai University of TCM, Shanghai, China, 2Department of
Oncology, Shanghai University of Traditional Chinese Medicine, Shanghai, China, 3Lu’an Hospital of
Traditional Chinese Medicine Af�liated to Anhui University of Chinese Medicine, Lu’an, Anhui, China,
4Department of Oncology, Tongji University, Shanghai, China
Objective: To assess platelet-to-lymphocyte ratio (PLR) prognostic utility for
overall (OS) and progression-free survival (PFS) in immune checkpoint inhibitor-
treated cancer patients, and examine impacts of geography, cancer type, cutoff,
ICI class, treatment line and stage.
Methods: A systematic literature search identi�ed studies investigating PLR and
prognosis in ICI treated patients. Hazard ratios (HRs) with 95% con�dence
intervals (CIs) were pooled using random-effects models. Subgroup analyses
examined key covariates; publication bias was assessed.
Results: Analysis of 98 publications (86 OS, 72 PFS) demonstrated that elevated PLR
was a robust predictor of shorter OS (HR 1.79, 95% CI: 1.60-2.00) and PFS (HR 1.60,
95% CI: 1.44-1.78). Subgroup analyses revealed: (1) Geographic region: Asian
populations exhibited the most consistent correlation with OS and the highest
PFS risk (69%). (2) Cancer type: For OS, prognostic value was maintained across all
cancers; the most pronounced impacts were observed in hepatocellular carcinoma
(HR 2.10), esophageal carcinoma (HR 2.08), and head and neck squamous cell
carcinoma (HR 2.61). For PFS, a notable link to poor outcomes was observed in
NSCLC and hepatocellular carcinoma, whereas renal cell carcinoma showed no
such correlation. (3) PLR cutoff: both PLR � 180 (OS: HR 1.87; PFS: HR 1.68) and PLR
<180 (OS: HR 1.73; PFS: HR 1.53) subgroups consistently yielded unfavorable
outcomes. (4) ICI category: for OS, camrelizumab showed the strongest
prognostic relevance (HR 4.68), whereas for PFS, all ICIs yielded consistent
results. (5) Treatment line: both �rst-line (OS: HR 1.98; PFS: HR 1.93) and second-
line or beyond (OS: HR 1.87; PFS: HR 1.79) demonstrated clear prognostic utility
without inter-subgroup differences. (6) Tumor stage: Advanced stages (III– IV, IIIB–
IV, IV) con�rmed the predictive value of PLR for both OS and PFS. (7) Cancer
Subtypes: PLR remained prognostic in nivolumab-treated, stage IV genitourinary
cancers; correlated with survival in pembrolizumab-treated but not nivolumab-
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treated NSCLC; and remained predictive in camrelizumab-treated/advanced
gastrointestinal tumors. Notably, elevated PLR was uniquely associated with
worsened OS and PFS in nivolumab-treated renal cell carcinoma.
Conclusions: Elevated PLR is consistently associated with shortened OS across
the cancer types receiving ICIs, while its prognostic value for PFS �uctuates
depending on cancer type and ICI class. The prognostic impact of PLR is
particularly robust in the nivolumab-treated RCC, pembrolizumab-treated
NSCLC, camrelizumab-treated gastrointestinal tumors, and various advanced-
stage malignancies.

Systematic review registration: https://www.crd.york.ac.uk/prospero/.
KEYWORDS

immune checkpoint inhibitor, lymphocyte, malignancy, platelet, progression-free
survival
1 Introduction

Over recent years, immune checkpoint inhibitors (ICIs) have
become the backbone of therapy across multiple malignancies,
elevating 5-year overall survival (OS) to 31.9% in advanced non-
small-cell lung cancer (NSCLC) and yielding 48.3% 5-year relapse-
free survival when combined with targeted therapy in BRAF-
mutant melanoma (1, 2). Nevertheless, clinical practice still faces
formidable challenges: the non-response rate to immunotherapy
varies markedly across cancer types, reaching 30% in �rst-line
immune-chemotherapy for advanced esophageal carcinoma, while
recurrent or metastatic head and neck squamous cell carcinoma
(HNSCC) achieves a median progression-free survival (PFS) of only
3.4 months with single-agent ICI; moreover, approximately 10–15%
of patients develop grade �3 immune-related adverse events such as
pneumonitis or myocarditis (3–5). Evidence indicates that inter-
individual heterogeneity in in�ammatory-immune homeostasis
within the tumor microenvironment (TME) constitutes a central
driver of therapeutic variability.

Tumor-associated in�ammation, a hallmark of malignancy, is
intimately linked to tumor progression and therapeutic response.
Neoplastic cells, together with stromal components such as tumor-
associated macrophages and cancer-associated �broblasts,
continuously release IL-6, TNF-a , GM-CSF, thereby establishing
a chronic in�ammatory milieu (6). Among these, IL-6 markedly
impairs CD8+ T-cell function via JAK/STAT3 pathway activation;
studies show that JAK/STAT3 signaling reduces T-cell proliferative
capacity by 40–60% (7). Meanwhile, IL-6 also facilitates regulatory
T-cell (Treg) differentiation; in vitro, Treg proportions increase
approximately 2.3-fold when IL-6 exceeds 10 pg/mL, thereby
intensifying immunosuppression (8). Under tumor-associated
in�ammation, the in�ltrating fraction of M2-polarized tumor-
associated macrophages can reach 60% of total TAMs, a
proportion more than ten-fold higher than that in adjacent non-
02
malignant tissues (9). These cells directly suppress effector T-cell
function via TGF-b secretion, and their density correlates inversely
with ICI response (10). Upregulation of vascular endothelial growth
factor (VEGF) driven by in�ammatory cytokines represents a
hallmark of tumor-associated in�ammation. Serum VEGF levels
in patients with advanced malignancies are elevated, with mean
concentrations approximately 5.8-fold higher than those in healthy
individuals (11). VEGF not only promotes tumor angiogenesis but
also impedes lymphocyte in�ltration into the tumor core by
forming a vascular barrier, thereby compromising the potential
ef�cacy of immunotherapy (12).

The platelet-to-lymphocyte ratio (PLR) is a composite index
that has received considerable attention in recent years. It is
calculated as the platelet count divided by the absolute
lymphocyte count, and can re�ect information on both
in�ammation and tumor immunity. On one hand, GM-CSF in
the tumor microenvironment can activate the aryl hydrocarbon
receptor (AHR) pathway in macrophages, upregulate
thrombopoietin (TPO) expression, and increase the peripheral
blood platelet count (13). Activated platelets not only exacerbate
immunosuppression by releasing IL-6 and TGF-b but also bind to
CD44 on tumor cell surfaces, thereby promoting tumor metastasis
(14). On the other hand, the persistent in�ammatory state induces
lymphocyte apoptosis and increases the proportion of exhausted
CD8+ T-cell subsets, thereby weakening the anti-tumor immune
response (15).

However, the clinical predictive value of PLR remains
controversial. In lung cancer, a 2019 retrospective study
demonstrated that patients with PLR �180 had a median
progression-free survival (mPFS) that was 4.4 months shorter
than those with PLR <180, with an overall survival (OS) hazard
ratio (HR) of 2.239 (95% CI: 1.478-3.392). In contrast, a single-
center retrospective study focusing on BRAF wild-type metastatic
melanoma found no such association; in that study, PLR showed no
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statistical correlation with patient OS (HR = 1.00, 95% CI: 0.99-1.01,
P = 0.87) and demonstrated no prognostic value in either univariate
or multivariate analysis (16, 17). The core of this discrepancy lies in
the fact that PLR’s predictive ef�cacy is in�uenced by multiple
factors . First , differences in cancer types and tumor
microenvironment (TME) contribute to varied immunologic
contexts across malignancies, leading to inconsistent associations
with PLR. Second, therapeutic regimens and types of immune
checkpoint inhibitors (ICIs) play a role: treatments such as ICI
monotherapy versus combinations with chemotherapy or anti-
angiogenic agents may alter PLR baseline levels, while distinct
mechanisms of anti-PD-1/PD-L1 versus anti-CTLA-4 agents may
lead to differential interactions with PLR. Third, variations in
demographic and geographic factors—including genetic
background, baseline immune status, and treatment strategies
between Eastern and Western populations-may result in divergent
PLR cutoff selections and predictive performance. Therefore, this
study aims to systematically evaluate and perform a meta-analysis
to clarify the overall impact of PLR on survival outcomes in cancer
patients receiving immunotherapy, while using subgroup analyses
to examine whether cancer type, treatment strategy, ICI class, and
geographic region represent sources of heterogeneity, ultimately
providing comprehensive evidence to support the clinical
application of PLR.
2 Materials and methods

2.1 Study design and registration

This study is a systematic review and meta-analysis based on
clinical research. The study protocol was registered on the
PROSPERO international prospective register of systematic
reviews (Registration ID: CRD420251171930). There were no
substantive differences between the registered content and the
�nal implementation process, ensuring research transparency
and reproducibility.
2.2 Literature search strategy

2.2.1 Databases and time scope
A comprehensive search was conducted across four electronic

databases: PubMed, Embase, the Cochrane Library, and Web of
Science. The search timeframe spanned from the inception of each
database to October 20, 2025.

2.2.2 Search terms
A combination of subject headings and free-text terms was

employed. The English search terms included: “platelet-to-
lymphocyte ratio”, “PLR”, “immune checkpoint inhibitor”, “ICI”,
“PD-1 inhibitor”, “PD-L1 inhibitor”, “CTLA-4 inhibitor”, “cancer”,
“carcinoma”, “malignancy”, “prognosis”, “survival”, “overall
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survival”, “OS”, “progression-free survival”, “PFS”, among others.
The detailed search strategy is available in Supplementary Table S1.
2.3 Literature inclusion and exclusion
criteria

2.3.1 Inclusion criteria
(1) Study type: Prospective cohort studies, retrospective cohort

studies, or case-control studies (only those focusing on prognostic
analysis in patients receiving ICI therapy were included); (2) Study
population: Patients with pathologically con�rmed malignant
tumors who received at least one cycle of ICI treatment
(including anti-PD-1/PD-L1 monotherapy, anti-CTLA-4
monotherapy, or dual immunotherapy); (3) Exposure factor:
Baseline PLR measured before treatment (within 1–2 weeks prior
to the �rst ICI administration), with a clearly reported PLR cutoff
value; (4) Outcome measures: Reporting of at least one key survival
outcome (OS or PFS) as a hazard ratio with 95% con�dence
intervals; (5) Publication language: Only studies published in
English were included.

2.3.2 Exclusion criteria
(1) Studies involving non-ICI therapies; (2) Studies that did not

report speci�c PLR values or from which HR and 95% CI could not
be extracted; (3) Reviews, meta-analyses, case reports,
commentaries, or laboratory-based studies; (4) Studies that did
not report survival data.
2.4 Data extraction and quality assessment

2.4.1 Data extraction
Two investigators independently extracted information using a

pre-designed data extraction form. Extracted data included: �rst
author, publication year, region, study type, sample size, cancer
type, tumor stage, ICI type, and PLR cutoff value. The primary
outcome was the HR and 95% CI for OS between high and low PLR
groups; the secondary outcome was the HR and 95% CI for PFS
between high and low PLR groups. Any discrepancies in data
extraction were resolved through discussion or by a third
investigator. The �nalized data were managed in Excel.

2.4.2 Quality assessment
The Newcastle-Ottawa Scale (NOS) was used to assess the

quality of cohort studies. The NOS evaluates three domains:
‘selection of the study groups’ (4 items), ‘comparability of the
groups’ (2 items), and ‘assessment of the outcome’ (3 items), with
a maximum score of 9 points. Studies were categorized as follows:
high-quality (NOS score �7), moderate-quality (NOS score 5-6),
and low-quality (NOS score �4). Two investigators independently
performed the quality assessment, with any disagreements
adjudicated by a third investigator.
frontiersin.org
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2.5 Statistical analysis

Statistical analyses were performed using R 4.3.3 and Review
Manager 5.4 software. All tests were two-sided, with a statistical
signi�cance level of a=0.05. The effect measure used in this meta-
analysis was the HR with its corresponding 95% CI. Prior to meta-
analysis, the c� test was employed to assess between-study
heterogeneity (18). If P > 0.1 and I� < 50%, indicating no
signi�cant heterogeneity, a �xed-effects model was used to pool
effect sizes; if P � 0.1 and I� � 50%, indicating signi�cant
heterogeneity, a random-effects model was applied. When
signi�cant heterogeneity was detected, sensitivity analyses were
conducted to explore potential sources. To further investigate the
sources of heterogeneity and identify potential moderators,
univariate meta-regression analysis was performed. Subgroup
analyses were conducted based on region, PLR cutoff value,
cancer type, ICI class, and tumor stage. To ensure the statistical
robustness of these analyses, subgroups were only evaluated if they
contained at least three studies. Regarding PLR cutoff values, in
addition to the aforementioned grouping criteria, the clinically
commonly used threshold of 180 was also employed in
supplementary analyses to validate the impact of different cutoff
values on the results. Funnel plots were used to detect publication
bias for clinical outcomes such as OS and PFS, supplemented by
Egger’s linear regression test and Begg’s test. Furthermore, the
nonparametric “trim and �ll” method was utilized to evaluate the
impact of potential publication bias by estimating the number of
missing studies and adjusting the pooled effect sizes accordingly.
3 Results

3.1 Literature screening results

In accordance with the PRISMA 2020 guidelines, a systematic
search of the PubMed, Embase, Cochrane Library, and Web of
Science databases initially identi�ed 1240 records. After removing
292 duplicate publications, 948 records underwent title and abstract
screening, which led to the exclusion of 52 articles (e.g., reviews and
meta-analyses). The remaining 896 publications proceeded to full-
text review. During this stage, 219 articles were excluded for the
fol lowing reasons: differing study outcomes (n=172),
pharmacological experiments (n=9), animal experiments (n=10),
and others (n=28). Subsequently, 677 articles underwent �nal
eligibility assessment, from which 579 were excluded due to
subject mismatch (n=347), clinical indicators do not match
(n=58), or insuf�cient data (n=174). Ultimately, 98 studies were
included in the systematic review and meta-analysis (1, 19–115).
The literature screening process is detailed in Figure 1, the
distribution of the study populations is shown in Figure 2, and
the baseline characteristics of the included studies are presented in
Table 1 (detailed baseline data are provided in Supplementary
Materials Baseline; quality assessment results are available in
Supplementary Material S2).
Frontiers in Immunology 04
3.2 Meta-analysis results of PLR with OS
and PFS

Eighty-six studies reported the association between PLR levels
and OS in cancer patients receiving immune checkpoint inhibitors,
all providing hazard ratios and related statistics. Heterogeneity
testing revealed signi�cant heterogeneity among included studies,
thus a random-effects model was applied for effect size pooling. The
pooled HR was 1.79 (95% CI: 1.60-2.00, P < 0.01), indicating that
elevated baseline PLR was signi�cantly associated with shorter OS
in cancer patients receiving immunotherapy. This suggests that
higher pre-treatment PLR values are associated with a 79%
increased risk of death in cancer patients undergoing
immunotherapy (Figure 3A). Seventy-two studies reported the
relationship between PLR levels and PFS in cancer patients
receiving immune checkpoint inhibitors, with signi�cant
heterogeneity observed among studies. Results demonstrated that
high PLR was signi�cantly associated with reduced PFS, with a
pooled HR = 1.60 (95% CI: 1.44-1.78, P < 0.01), indicating that high
baseline PLR is also an adverse prognostic factor for PFS in cancer
patients receiving immunotherapy, suggesting that higher pre-
treatment PLR values increase the risk of tumor progression by
60% (Figure 3B).
3.3 Subgroup analyses of OS and PFS

3.3.1 Geographic subgroup analysis
Based on the geographic distribution of 82 studies, the

association between PLR and OS was analyzed across three
subgroups: Asia, Europe, and North America. All subgroups
utilized random-effects models due to signi�cant heterogeneity. In
Asian clinical studies, most con�rmed a consistent correlation
between elevated PLR and shortened OS, underscoring the robust
prognostic utility of PLR following immunotherapy. OS in Asian
populations. Fourteen studies from Europe were included, with
high within-group heterogeneity suggesting considerable
�uctuation in the strength of the PLR-OS association, potentially
related to variations in cancer type composition among European
populations. Five studies from the Americas showed that high PLR
increased mortality risk by 160% compared to low-risk groups.
Overall, all three geographic subgroups indicated increased
mortality risk with high PLR, though the Asian subgroup
demonstrated higher reliability due to larger study numbers and
greater consistency (Figure 4A). Among PFS studies, 68 provided
geographic data on PLR’s impact, revealing that higher PLR was
signi�cantly associated with poorer PFS in Europe, Asia, and the
Americas, with Asian populations showing the highest risk for
disease progression at 69% (Figure 4B).

3.3.2 Cancer type subgroup analysis
This study encompassed 10 cancer types in the OS subgroup

analysis and 9 types in the PFS subgroup analysis. For OS, elevated
PLR did not reach statistical signi�cance in triple-negative breast
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cancer patients, while all other cancer types demonstrated a
signi�cant inverse association between high PLR and OS. The
most prominent negative correlations were observed in
hepatocellular carcinoma (HR = 2.10, 95% CI: 1.43-3.08),
esophageal carcinoma (HR = 2.08, 95% CI: 1.13-3.83), and head
and neck squamous cell carcinoma (HNSCC, HR = 2.61, 95% CI:
1.70-4.00). Signi�cant OS reduction with high PLR was also evident
in non-small cell lung cancer (NSCLC, HR = 1.80, 95% CI: 1.41-
2.29) and renal cell carcinoma (HR = 1.90, 95% CI: 1.29-2.80).
Regarding PFS, the predictive value of high PLR varied across
cancer types. Signi�cant associations with reduced PFS were
observed in gastric cancer (HR = 1.40, 95% CI: 1.15-1.70),
NSCLC (HR = 1.59, 95% CI: 1.27-1.99), hepatocellular carcinoma
(HR = 1.78, 95% CI: 1.36-2.34), and esophageal carcinoma (HR =
1.67, 95% CI: 1.08-2.59). However, in subgroups such as renal cell
carcinoma (HR = 1.60, 95% CI: 0.97-2.62), although high PLR
suggested increased PFS risk, the results did not reach statistical
Frontiers in Immunology 05
signi�cance. Overall, the negative predictive effect of high PLR on
OS was more universal across cancer types receiving
immunotherapy, while its impact on PFS demonstrated variability
depending on speci�c cancer characteristics (Supplementary
Figure S1).

3.3.3 PLR cutoff value subgroup analysis
Acknowledging the heterogeneity of cutoff values in the

literature and selecting PLR = 180 as a frequently reported
empirical threshold, all included studies were divided into
PLR�180 (high PLR group) and PLR<180 (low PLR group)
subgroups to analyze the prognostic value of PLR for OS and PFS
under different thresholds. For OS, the pooled results for the
PLR�180 subgroup demonstrated that high PLR was signi�cantly
associated with shorter OS (HR = 1.87, 95% CI: 1.59-2.20). In the
PLR<180 subgroup, the risk of OS reduction associated with high
PLR was slightly lower (HR = 1.73, 95% CI: 1.47-2.03). The test for
FIGURE 1

Literature search �ow diagram.
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FIGURE 2

Geographical distribution of included studies.
TABLE 1 Baseline characteristics of the included study populations.

Authors Year N Sex (M/F) Cutoff
value Country Cancer type Stage Outcomes

Dong Hyun Kim (19) 2024 87 75/12 491.2 Korea HNSCC NR OS/PFS

Ozkan Alan (20) 2025 196 167/29 196.8 Turkey NSCLC I-IV OS

Volkan Aslan (21) 2023 45 31/14 206 Turkey RCC IV OS/PFS

Bai R (22) 2021 103 80/23 206.5 China Multiple Advanced OS

Bauckneht M (23) 2021 45 29/16 100 Italy NSCLC NR OS

Mehmet A Bilen (24) 2018 90 53/37 NR
Atlanta,
Georgia

Multiple Advanced OS/PFS

Jiaxin Cao (25) 2023 184 152/32 253.52 China NPC I-IV PFS

Booka E (26) 2022 61 49/12 118 Japan UGIC Advanced OS

Chen Q (27) 2024 105 NR 218.1 China CC Advanced PFS

Chen X (28) 2024 200 160/40 unclear China HCC BCLC B/C OS/PFS

Chen Y (29) 2021 139 103/36 173.7 China GC III-IV OS/PFS

Cheng LY (30) 2024 192 113/79 194.84 China BCa IV PFS

Da L (31) 2023 162 136/26 250.51 China ESCC IV OS/PFS

De Giorgi U (32) 2019 313 235/78 232 Italy RCC IV OS

Dharmapuri S (33) 2020 103 86/17 500 United States HCC Advanced OS

Dionese M (34) 2023 72 56/16 150 Italy UC IV OS/PFS

Dong Q (35) 2024 197 160/37 154.12 China GC III-IV OS

Fan X (36) 2021 111 56/55 135 China GC and CRC Advanced OS/PFS

Fang Q (37) 2023 223 189/34 144.37 China NSCLC Advanced OS/PFS

Gou M (38) 2022 237 109/128 139.41 China GC Advanced OS/PFS

(Continued)
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TABLE 1 Continued

Authors Year N Sex (M/F) Cutoff
value Country Cancer type Stage Outcomes

Gou M (39) 2022 186 132/54 139.41 China GC Advanced OS

Guo L (40) 2024 95 79/16 150 China NSCLC IV PFS

Guo Y (41) 2024 98 86/12 98.89 China HCC Advanced OS/PFS

Hamai Y (42) 2023 59 52/7 270 Japan ESCC Advanced OS

Hou Y (43) 2023 77 53/24 149.23 China GC II-IV OS/PFS

Huai Q (44) 2023 189 159/30 157.29 China NSCLC I-IV OS

Huang R (45) 2022 110 100/10 140 China HCC Advanced OS/PFS

Huang X (46) 2025 133 118/15 86.7 China HCC BCLC B/C OS/PFS

Iinuma K (47) 2021 35 26/9 188.1 Japan RCC Advanced PFS

Ikoma T (48) 2023 93 72/21 277 Japan ESCC IV OS

Inoue H (49) 2022 41 34/7 242.6 Japan ESCC IV OS/PFS

Ishihara H (50) 2019 58 45/13 160 Japan RCC IV OS/PFS

Jia G (51) 2023 117 106/11 131 China HCC BCLC B/C OS/PFS

Jiang M (52) 2020 76 66/10 168.13 China NSCLC Advanced OS/PFS

Kadono Y (53) 2021 91 65/26 181.5 Japan UC Advanced OS

Katayama Y (54) 2020 81 44/37 262 Japan NSCLC III-IV OS/PFS

Knetki-Wro�blewska M
(55)

2025 332 187/145 193.24 Poland NSCLC III-IV OS/PFS

Knetki-Wro�blewska M
(56)

2023 260 149/111 182.9 Poland NSCLC Advanced OS/PFS

Kobayashi K (57) 2025 243 179/64 252 Japan UC Advanced OS

Ksienski D (58) 2021 220 99/121 441.8 Canada NSCLC Advanced OS

Kurashina R (59) 2022 54 37/17 173.73 Japan UC Advanced OS

Kutlu Y (60) 2023 55 42/13 135.7 Turkey SCLC Advanced OS/PFS

Lei Y (61) 2025 78 51/27 195.005 China NSCLC NR PFS

Li X (62) 2024 50 unclear 157.28 China TNBC Advanced OS/PFS

Li Y (63) 2025 67 51/16 150.49 China ESCC IIIB-IV OS/PFS

Lin X (64) 2021 87 73/14 263.76 China Lung cancer III-IV OS

Liu J (65) 2022 90 56/34 157.7 China ESCC IIIB-IV OS/PFS

Liu J (66) 2019 44 33/11 144 China NSCLC IIIB-IV OS/PFS

Lu X (67) 2022 133 113/20 200 China NSCLC IIIB-IV OS/PFS

Lu Y (68) 2025 98 87/11 140.75 China HCC Advanced OS/PFS

Luo T (69) 2025 245 201/44 205.99 China Lung cancer Advanced OS/PFS

Ma Y (70) 2022 95 66/29 277 China Multiple Advanced PFS

Matsuki T (71) 2024 27 20/7 194.1 Japan SGC Advanced PFS

Matsuo M (72) 2022 164 127/37 319.84 Japan HNSCC Advanced OS

Mesti T (73) 2023 129 84/53 180 Slovenia Melanoma IV OS/PFS

Mildanoglu MM (74) 2025 153 88/65 169 Turkey GC IV OS/PFS

(Continued)
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TABLE 1 Continued

Authors Year N Sex (M/F) Cutoff
value Country Cancer type Stage Outcomes

Muhammed A (75) 2021 362 284/78 300
Europe,

America, Asia
HCC BCLC A/B/C OS/PFS

Numakura K (76) 2024 112 93/19 229 Japan RCC IV OS

Olgun P (77) 2023 83 73/10 150
Republic of

Cyprus
NSCLC IIIB-IV OS/PFS

Pan Y (78) 2021 238 176/62 163.63 China GC Advanced OS/PFS

Petrova MP (79) 2020 119 74/45 200 Bulgaria NSCLC IV OS

Pu D (80) 2021 184 134/50 200 China NSCLC IIIB-IV OS

Qi WX (81) 2023 51 44/7 150.6 China ESCC II-IVA PFS

Qi WX (82) 2021 53 34/19 119.23 China ESCC IV OS

Qi Y (83) 2019 85 42/43 164 China Multiple Advanced OS/PFS

Qian X (84) 2024 90 Female 190 China TNBC II-III OS/PFS

Qiu X (85) 2023 67 44/23 135 China Pancreatic cancer Advanced OS/PFS

Qu Z (86) 2022 106 72/34 243.33 China GC Advanced OS/PFS

Rebuzzi SE (87) 2022 422 305/117 176 Italy RCC IV OS/PFS

Russo A (88) 2020 187 137/50 200 Italy NSCLC IIIB-IV OS

Sakai A (89) 2023 51 48/3 268 Japan HNSCC Advanced OS/PFS

Sa�nchez-Gastaldo A (90) 2021 51 37/14 198 Spain NSCLC Advanced OS/PFS

Shabto JM (91) 2020 67 53/14 301.87 United States UC IV OS/PFS

Shang H (92) 2024 64 52/12 194.5 China ESCC III-IV OS/PFS

Stares M (93) 2022 219 109/110 180
United

Kingdom
NSCLC Advanced OS/PFS

Sun Y (95) 2025 142 84/58 245.65 China GC IV OS/PFS

Svaton M (96) 2018 120 71/49 169.1
Czech

Republic
NSCLC Advanced OS/PFS

Ucgul E (97) 2024 100 69/31 190.8 Turkey Multiple IV OS/PFS

Ulas A (98) 2024 104 94/10 178.73 Turkey NSCLC Advanced OS/PFS

Su H (94) 2024 203 158/45 305.21 China NSCLC III-IV OS/PFS

Diem S (99) 2017 52 29/23 262 Switzerland NSCLC IV OS/PFS

Wan M (100) 2022 45 35/10 214.08 China GC III-IV OS/PFS

Wang JH (101) 2022 48 38/10 230 China HCC BCLC C PFS

Willemsen ACH (102) 2023 98 83/15 241.9 Netherlands HNSCC Advanced OS/PFS

Wu J (103) 2024 31 23/8 154.17 China
Gastrointestinal

cancer
NR PFS

Wu YL (104) 2022 296 245/51 300
America,

Europe, Asia
HCC BCLC C OS/PFS

Wu Y (105) 2022 101 78/23 176 China NSCLC Advanced OS/PFS

Wu Y (106) 2023 316 266/50 167.2 China NSCLC IIIB-IV OS/PFS

Yang X (107) 2023 52 44/8 133 China HCC Advanced OS/PFS

(Continued)
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subgroup differences indicated no statistically signi�cant difference
in the predictive value for OS between the two cutoff subgroups (c�
= 0.49, df=1, p=0.48). For PFS, in the PLR�180 subgroup, high PLR
was signi�cantly associated with reduced PFS (HR = 1.68, 95% CI:
1.43-1.98). In the PLR<180 subgroup, high PLR was associated with
an increased risk of disease progression (HR = 1.53, 95% CI: 1.33-
1.76) (see Supplementary Figure S2).

3.3.4 ICI class subgroup analysis
Subgroup analyses were performed for pembrolizumab,

camrelizumab, atezolizumab, and other ICIs. Results showed that
high PLR posed a signi�cant risk for both OS and PFS across
different ICI treatments. For OS, the camrelizumab subgroup
showed the strongest association between high PLR and OS
reduction (HR = 4.68, 95% CI: 2.95-7.45). Signi�cant OS
reduction was also observed with pembrolizumab (HR = 1.66,
95% CI: 1.19-2.33), atezolizumab (HR = 1.95, 95% CI: 1.14-3.33),
and nivolumab (HR = 1.77, 95% CI: 1.27-2.46). For PFS, the
strength of association was relatively consistent across ICI
subgroups: atezolizumab subgroup (HR = 1.90, 95% CI: 1.31-
2.77), camrelizumab subgroup (HR = 1.97, 95% CI: 1.07-3.63),
pembrolizumab subgroup (HR = 1.82, 95% CI: 1.04-3.17), and
nivolumab subgroup (HR = 1.69, 95% CI: 1.25-2.29) all indicated
that high PLR was associated with reduced PFS, with no signi�cant
difference between subgroups, as shown in Figure 5.

3.3.5 Subgroup analysis by � rst-line and second-
line therapy

This study categorized patients into ‘�rst-line or above’ and
‘second-line or above’ subgroups based on the line of treatment to
analyze the prognostic impact of PLR on OS and PFS. For OS, in the
�rst-line or above subgroup, high PLR was signi�cantly associated
with shortened OS (HR = 1.98, 95% CI: 1.60–2.45). Similarly, in the
second-line or above subgroup, high PLR was signi�cantly
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associated with shortened OS (HR = 1.87, 95% CI: 1.35–2.60).
For PFS, the association between high PLR and reduced PFS was
more pronounced in the �rst-line or above subgroup (HR = 1.93,
95% CI: 1.53–2.43), while it was slightly weaker but still signi�cant
in the second-line or above subgroup (HR = 1.79, 95% CI: 1.48–
2.16). Overall, regardless of whether patients received �rst-line or
above or second-line or above immunotherapy, high PLR was
signi�cantly associated with shortened OS and PFS, with no
signi�cant differences observed between the treatment line
subgroups, indicating that the prognostic value of PLR is not
in�uenced by the line of treatment, as shown in Figure 6.

3.3.6 Tumor stage subgroup analysis
Subgroup analysis by tumor stage demonstrated that in OS-

related studies, high PLR showed a stronger association with OS in
stage III-IV patients (HR = 2.02, 95% CI: 1.39-2.93). Signi�cant OS
reduction was also observed in stage IIIB-IV (HR = 1.81, 95% CI: 1.08-
3.03) and stage IV (HR = 1.96, 95% CI: 1.55-2.48) patients with high
PLR. In liver cancer-speci�c staging, neither BCLC B/C stage (HR =
1.28, 95% CI: 0.90-1.82) nor BCLC C stage (HR = 1.42, 95% CI: 0.62-
3.25) showed statistical signi�cance. In PFS-related studies, high PLR
was signi�cantly associated with reduced PFS in stage IIIB-IV (HR =
1.44, 95% CI: 1.08-1.91), stage III-IV (HR = 1.71, 95% CI: 1.12-2.61),
BCLC B/C stage (HR = 1.36, 95% CI: 1.07-1.73), and stage IV (HR =
1.44, 95% CI: 1.26-1.65) patients (Supplementary Figure S3).
3.4 Urological cancer subgroup analysis

This study pooled data from all included studies on urological
cancer patients and analyzed the prognostic impact of PLR on OS
and PFS by drug type, treatment line, and tumor stage. For OS, all
subgroups indicated an association between high PLR and
shortened OS. In the drug type subgroup, high PLR signi�cantly
TABLE 1 Continued

Authors Year N Sex (M/F) Cutoff
value Country Cancer type Stage Outcomes

Yang Y (108) 2024 617 430/187 174.44 China
Gastric or

Gastroesophageal
junction cancer

Advanced OS

Yang Z (109) 2022 73 49/24 222.52 China ICC II-IV OS

Yildirim A (110) 2025 401 283/118 202.38 America RCC Advanced OS/PFS

Yuan Q (111) 2024 107 84/23 179 China NSCLC IIIB-IV OS/PFS

Zhang S (112) 2025 71 75/67 148 China HCC BCLC C OS/PFS

Zhang Y (113) 2022 142 75/67 201 China Multiple IIIB-IV OS/PFS

Zhao M (114) 2022 160 129/31 145.25 China HCC BCLC B/C OS/PFS

Zhu M (115) 2024 88 48/40 82.23 China GC III-IV OS/PFS

Zhuang TZ (1) 2025 21 Male 346.5 America
Penile Squamous
Cell Carcinoma

Advanced OS/PFS
HNSCC, Head and neck squamous cell carcinoma; RCC, Renal Cell Carcinoma; NPC, Nasopharyngeal Carcinoma; UGIC, Upper Gastrointestinal Cancer; CC, Cervical Cancer; GC, Gastric
Cancer; BCa, Bladder cancer; UC, Urothelial Carcinoma; CRC, Colorectal Cancer; SGC, Salivary gland carcinoma; OS, Overall Survival; PFS, Progression-Free Survival.
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reduced OS in patients treated with nivolumab (HR = 2.31, 95% CI:
1.86-2.86). In tumor stage subgroup analysis, high PLR signi�cantly
increased mortality risk in stage IV patients (HR = 2.33, 95% CI:
1.92-2.82), while no prognostic signi�cance of PLR for OS was
observed in patients with advanced disease without speci�c staging
(HR = 1.53, 95% CI: 0.97-2.40).
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For PFS, high PLR was similarly associated with reduced PFS.
The drug type subgroup (nivolumab) showed a pooled HR = 1.63
(95% CI: 1.33-2.01), indicating signi�cant negative predictive value
of high PLR for PFS in nivolumab-treated patients. In the tumor
stage subgroup, the association was more stable in the stage IV
subgroup (HR = 1.57, 95% CI: 1.32-1.87) (Figure 7).
FIGURE 3

Forest plots of PLR for OS/PFS prognosis (A) Overall Survival (OS). (B) Progression-Free Survival (PFS).
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3.5 Non-small cell lung cancer subgroup
analysis

Analysis of NSCLC patient data evaluated PLR’s prognostic
impact on OS and PFS by drug class, treatment line, and tumor
stage. In OS studies, PLR failed to demonstrate a clear prognostic
link to OS in the nivolumab subgroup (HR = 1.47, 95% CI: 0.84-
Frontiers in Immunology 11
2.57), whereas elevated PLR remained a strong predictor of
diminished OS in pembrolizumab-treated patients (HR = 1.86,
95% CI: 1.42-2.45). In treatment line subgroups, high PLR
signi�cantly shortened OS in both �rst-line or above (HR = 2.37,
95% CI: 1.68-3.34) and second-line or above subgroups (HR = 2.14,
95% CI: 1.71-2.69). However, no signi�cant OS association was
observed in stage IIIB-IV patients (HR = 1.61, 95% CI: 0.88-2.95).
FIGURE 4

Forest plots of PLR for OS/PFS prognosis based on geographic subgroup analysis (A) Overall Survival (OS). (B) Progression-Free Survival (PFS).
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Regarding PFS outcomes, PLR did not reach statistical
signi�cance in nivolumab-treated patients (HR = 1.61, 95% CI:
0.99-2.62). Both �rst-line and second-line or above immunotherapy
subgroups showed signi�cantly reduced PFS with high PLR. No
signi�cant PFS associations were observed in stage IIIB-IV (HR =
1.21, 95% CI: 0.92-1.58) and stage III-IV (HR = 2.25, 95% CI: 0.95-
5.33) subgroups (Supplementary Materials Figures S4-S9).
3.6 Gastrointestinal cancer subgroup
analysis

Analysis of gastrointestinal cancer data assessed PLR’s
prognostic value across drug classes, treatment lines, and tumor
stages. Regarding OS, elevated PLR emerged as a particularly strong
determinant of poor OS in camrelizumab-treated patients (HR =
2.87, 95% CI: 1.19-6.96), yet failed to establish a clear prognostic
Frontiers in Immunology 12
correlation within the atezolizumab or nivolumab subgroups. High
PLR signi�cantly shortened OS in �rst-line or above therapy (HR =
1.60, 95% CI: 1.22-2.10), but not in second-line or above therapy
(HR = 1.79, 95% CI: 0.81-3.99). PLR exhibited a profound impact
on OS for patients in stage III-IV (HR = 1.60, 95% CI: 1.19-2.17)
and advanced-stage (HR = 2.04, 95% CI: 1.51-2.76) categories,
whereas its prognostic relevance was not statistically established for
the stage BCLC B/C and stage IV subgroups.

For PFS, high PLR signi�cantly reduced PFS in camrelizumab
(HR = 1.97, 95% CI: 1.07-3.63) and atezolizumab (HR = 1.81, 95% CI:
1.08-3.04) subgroups. High PLR signi�cantly shortened PFS in �rst-
line or above therapy (HR = 1.60, 95% CI: 1.22-2.10) but not in
second-line or above therapy. Signi�cant PFS reduction was observed
in stage III-IV (HR = 1.46, 95% CI: 1.08-1.98), stage BCLC C(HR =
1.81, 95% CI: 1.08-3.04) and advanced-stage (HR = 1.93, 95% CI: 1.38-
2.71) subgroups, while no signi�cant associations were found in BCLC
B/C and stage IV subgroups (Supplementary Materials S10-S15).
FIGURE 5

Forest plot of ICI Class subgroup analysis (A) Overall Survival (OS). (B) Progression-Free Survival (PFS).
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