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Background. There is accumulating evidence that the lymphocyte-to-monocyte ratio (LMR) is related to the outcomes of cancer
patients treated with immune checkpoint inhibitors (ICIs). However, the results remain controversial. Method. Electronic
databases were searched to retrieve the studies that explore the relationship between LMR and the efficacy of ICIs. The
primary endpoints were overall survival (OS) and progression-free survival (PFS), evaluated by the hazard ratios (HRs) with
95% confidence intervals (CI), and the secondary endpoints included disease control rate (DCR) and immune-related adverse
events (irAEs), assessed by the odd ratios (ORs) with 95% CI. Results. A total of 27 studies involving 4,322 patients were
eligible for analysis. The results indicated that increased LMR at baseline was associated with a superior OS (HR: 0.46, 95% CI:
0.39-0.56, p < 0:001), PFS (HR: 0.60, 95% CI: 0.49-0.74, p < 0:001), and DCR (OR: 3.16, 95% CI: 1.70-5.87, p < 0:001).
Posttreatment LMR was linked to a better PFS (HR: 0.46, 95% CI: 0.29-0.71, p = 0:001), but failed to show this correlation in
the analysis of OS and DCR. No correlation existed between LMR and irAEs regardless of the testing time (baseline or
posttreatment). Subgroup analyses focusing on baseline LMR revealed that higher baseline LMR possessed a better OS in renal
cell cancer (RCC) arm, nonsmall cell lung cancer (NSCLC) arm, multiple cancer arm, monotherapy arm, LMR <2 arm,
LMR ≥2 arm, western countries arm, eastern countries arm, and anti-PD-1 arm. Higher baseline LMR correlated with better
PFS in RCC arm, NSCLC arm, gastric cancer (GC) arm, multiple cancer arm, LMR <2 arm, LMR ≥2 arm, western countries
arm, and eastern countries arm. Conclusions. Higher LMR at baseline was positively correlated with a superior OS, PFS, and
DCR for ICIs, but not with irAEs.

1. Introduction

Cancer immunotherapy has made great strides with the
advancement of multiple forms of treatment, including
immune checkpoint inhibitors (ICIs), oncolytic virus thera-
pies, cancer vaccines, cytokine therapies, and adoptive cell
transfer [1, 2]. Impressively, some incurable tumors with
poor prognoses, such as metastatic melanoma and nonsmall
cell lung cancer (NSCLC), have been recognized as sensitive
to immunotherapy, and therefore have acquired a long-term
maintenance of remission [3]. ICIs, which stimulate the host

immune system to eliminate cancer cells by inhibiting the
immune checkpoint pathway, are the most representative
agents [4–6]. However, only a proportion of patients
achieved a clinically desirable efficacy, and due to the high
price and potential severe immune-related adverse events
(irAEs) of ICIs, seeking for effective biomarkers to predict
better respond to ICIs remains the current challenge in clin-
ical practice [7–9].

Biomarkers identification is an important area in the
diagnosis and management of malignant tumors. During
the past decades, evidence-based meta-analyses have
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increased exponentially, which enrich our understanding of
particular associations and trends in contemporary literature
by improving statistical power and reducing outlier studies
[10]. At the same time, there is a growing need to develop
fast and easily accessible biospecimens, such as blood and
urine, and corresponding biomarkers among clinical
communities [11, 12]. So far, mismatch repair deficiency
(MMR), programmed cell death-ligand 1 (PD-L1), tumor
mutational burden (TMB), and gut microbiota (GM) fea-
tures [8, 13–15] have been regarded as the best available
biomarkers to predict the efficacy of ICIs, but they are con-
fronted with some limitations, including high cost, obstacles
in obtaining tissue samples, and lack of robust prognostic
accuracy. Thus, there is an urgent need to identify novel bio-
markers to precisely predict the therapeutic effects of ICIs.

Tumor associated inflammation is one of the hallmarks
of cancer that enables tumorigenesis, angiogenesis, and
tumor progression [16, 17]. Epidemiological researches have
manifested that about a quarter of human cancers are asso-
ciated with chronic inflammation [18]. Neutrophils involve
in both innate and adaptive immune response and promote
the tumor growth by secreting tumor growth factors that
assist invasion and metastasis and promote angiogenesis
[19, 20]. Monocytes participate in and prompt the process
of inflammation by differentiating into either dendritic cells
or tissue macrophages within tissue microenvironment [21].
T lymphocytes can recognize and kill tumor cells and
correlate with a favorable clinical prognosis in several
human tumors [22]. Thus, the blood-derived parameters,
which can indicate systemic inflammatory responses, have
proved to be related with the survival of cancer patients.
Among these markers, neutrophil-lymphocyte ratio (NLR),
lymphocyte-to-monocyte ratio (LMR), platelet-lymphocyte
ratio (PLR), and systemic immune-inflammatory (SII) are
intensively investigated, and a wealth of studies have demon-
strated the significant association between these biomarkers
and survival in malignant tumors. For instance, higher
NLR and PLR, and lower LMR indicate a poor prognosis
in lung cancer, colorectal cancer, renal cell carcinoma,
melanoma, and so on [23–29]. In addition, blood-derived
parameters can be easily utilized in routine work. There-
fore, study on whether there is association between
peripheral blood biomarkers and clinical outcomes of ICIs
is on the agenda.

Recently, several meta-analyses have been published
focusing on the relationship between NLR or PLR and
the efficacy of ICIs, but to our knowledge, only one on
LMR, which recruited limited four studies in nonsmall cell
lung cancer with endpoints of only overall survival (OS)
and progression-free survival (PFS) [30]. Since previous
studies yielded controversial conclusions regarding the
association between LMR and the efficacy of ICIs, we
conducted an updated and comprehensive investigation
which recruited 27 studies reporting the endpoints of OS,
PFS, disease control rate (DCR), and irAEs and performed
detailed subgroup analyses based on the testing time of
LMR (baseline or posttreatment), cancer types, combi-
nation medication, LMR cut-off, study region, and types
of ICIs.

2. Materials and Methods

2.1. Search Strategy. This meta-analysis was designed and con-
ducted according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) checklist. PubMed,
Cochrane Library, and EMBASE were searched for eligible
studies up to September 4, 2022. The search strategy based on
the following key words: “immune checkpoint inhibitor”,
“ICIs”, “immune checkpoint blocker”, “PD-L1 inhibitor”,
“PD 1 inhibitor”, “programmed cell death protein 1 inhibitor”,
“programmed death ligand 1 inhibitor”, “cytotoxic T lympho-
cyte associated protein 4 inhibitor”, “CTLA-4 inhibitor”, “pem-
brolizumab”, “nivolumab”, “tremelimumab”, “avelumab”,
“toripalimab”, “envafolimab”, “sintilimab”, “camrelizumab”,
“cemiplimab”, “tislelizumab”, “cetrelimab”, “pidilizumab”, “tri-
prizumab”, “atezolizumab”, “durvalumab”, “ipilimumab”,
“monocyte”, “lymphocyte”, “monocyte to lymphocyte ratio
(MLR)”, and “lymphocyte to monocyte ratio (LMR)”, and arti-
cles were limited to English-language publications. If the title
and abstract failed to provide enough information, a full text
evaluation was conducted. In addition, the references list of all
related articles were manually reviewed to identify potential rel-
evant studies. Reviews, meta-analysis, case reports, comments,
and conference abstracts without original data were excluded.

2.2. Study Selection. Two independent investigators individ-
ually screened the titles and abstracts, and full-text articles
were obtained and evaluated to acquire eligible researches.
Inclusion criteria were as follows: (1) patients were patho-
logically diagnosed as solid malignant tumors; (2) ICI agents
were administered alone or in combination; (3) therapeutic
outcomes (OS, PFS, and DCR) were determined by RECIST
criteria, or the association between LMR and irAEs were
evaluated; (4) a hazard ratio (HR) and/or an odds ratio
(OR) with 95% confidence interval (CI) could be extracted
or calculated from the literature; (5) patients were assigned
into high or low LMR groups by cutoff value; and (6) articles
were published in full texts.

2.3. Data Extraction. The Newcastle-Ottawa Quality Assess-
ment Scale (NOS) was adopted to evaluate the quality of
researches, and those scoring five or more stars were consid-
ered of medium to high quality. Studies were screened and
evaluated by two independent investigators according to
inclusion criteria. Any disagreement were settled by consul-
tation. Data extracted were the first author’s name, publica-
tion year, country, study type, tumor type, sample size, line
of therapy, type of ICIs, combined medication, the testing
time, and cut-off of LMR, age, HRs with 95% CI of OS and
PFS, ORs with 95% CI of DCR and irAEs.

2.4. Statistical Analysis. The primary endpoints were OS and
PFS and the secondary endpoints were DCR and irAEs. The
pooled HRs/ORs with 95% CI were evaluated to identify the
association between LMR and the efficacy or adverse events
of ICIs. Results relating to MLR was converted into the form
of LMR. The median value of LMR was used as the cut-off
value. Statistical analyses were conducted with Stata version
12. Heterogeneity among recruited studies was checked by I2

tests: I2 > 50% or P < 0:1 means substantial heterogeneity
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and a random-effects model was used; otherwise, a fixed-
effects model was applied. A statistically significant differ-
ence was set as p<0.05. Funnel plot and Egger’s test were
performed to assess the publication bias. Sensitivity analyses
were carried out by excluding one article each time to verify
the reliability of our results.

3. Result

3.1. Study Characteristics. A total of 996 articles were
retrieved from the PubMed, EMBASE, and Cochrane
Library. After removing duplicates, 950 studies were left.
By examining titles and abstracts, 887 were excluded due
to non-ICIs or non-LMR studies, nonhuman studies, non-
malignant tumors, reviews, comments, case reports, meta-
analyses, and conference abstracts without original data;
consequently, 63 articles were identified for further study.
Through full-text review of these literature, 36 were disre-
garded due to not meeting the inclusion criteria or low qual-
ity (NOS < 5), and 27 studies incorporating 4,322 patients
were finally identified as eligible for this meta-analysis
(Figure 1).

All studies were retrospective and were published
between 2017 and 2022. Of these studies, 11 were conducted
in China, 10 in Japan, 2 in Italy, 2 in USA, 1 in Korea, and 1
in Spain. 7 on NSCLC, 3 on gastric cancer (GC), 2 on hepa-
tocellular carcinoma (HCC), 3 on renal cell cancer (RCC), 1
on small cell lung cancer (SCC), 1 on melanoma, 1 on
esophageal cancer (EC), 1 on biliary tract cancer (BTC), 2
on lung cancer (LC), 1 on urothelial carcinoma (UC), and
5 on two or more types of solid tumors. Meanwhile, all the
patients treated with ICIs: anti-PD-1/PD-L1 (Pembrolizu-
mab, Nivolumab, Atezolizumab, Sintilimab, Camrelizumab,
Triprizumab, and Toripalimab) or anti-CTLA-4; 24 studies
measured the LMR at baseline and 5 studies measured
LMR after treatment, with 2 evaluated LMR at both baseline
and posttreatment; 21 trails had OS, 15 trails PFS, 8 trails
DCR, and 6 trails irAEs. Characteristics of these studies
enrolled are listed in Table 1.

3.2. Quality Assessment. All the included 27 studies were
rated as moderate or high quality with a score from five to
eight based on the NOS criteria, which were eligible for
meta-analysis (Table 1).

3.3. Main Results

3.3.1. LMR and OS. Twenty-one cohorts incorporating 2,739
individuals were included in our analysis of the association
between LMR and OS, with 17 cohorts provided only base-
line LMR values, 2 only posttreatment LMR values, and 2
both baseline and posttreatment LMR values. Polled analysis
showed high LMR value was significantly associated with a
better OS in cancer patients treated with ICIs (HR: 0.49,
95% CI: 0.41-0.60, p < 0:001, Figure 2(a)), but with an obvious
heterogeneity (I2 = 52:4%,p = 0:002). Hence, a further analysis
was performed according to the testing time of LMR. Results
showed that high baseline LMR contributed to a better OS
(HR: 0.46, 95% CI: 0.39-0.56, p < 0:001, Figure 2(a)) with
significant heterogeneity (I2 = 42:5%, p = 0:027), but there

was no relationship between posttreatment LMR and OS
(HR: 0.74, 95% CI: 0.30-1.84, p = 0:51, Figure 2(a)).

Therefore, subgroup analyses focused only on baseline
LMR, and high baseline LMR indicated a better OS in
RCC arm (HR: 0.66, 95% CI: 0.51-0.86, p = 0:002,
Figure 3(a)), NSCLC arm (HR: 0.35, 95% CI: 0.24-0.52,
p < 0:001, Figure 3(a)), multiple cancer arm (HR: 0.45,
95% CI: 0.36-0.57, p < 0:001, Figure 3(a)), monotherapy arm
(HR: 0.39, 95% CI: 0.25-0.62, p < 0:001, Figure 3(b)), LMR
≥2 arm (HR: 0.51, 95% CI: 0.40-0.66, p < 0:001, Figure 3(c)),
LMR <2 arm (HR: 0.40, 95% CI: 0.33-0.50, p < 0:001,
Figure 3(c)), eastern countries arm (HR: 0.45, 95% CI: 0.36-
0.57, p < 0:001, Figure 3(d)), western countries arm (HR:
0.48, 95% CI: 0.33-0.70, p < 0:001, Figure 3(d)), and anti-
PD-1 arm (HR: 0.49, 95% CI: 0.38-0.62, p < 0:001,
Figure 3(e)). However, higher baseline LMR values indicated
a better OS in GC group (HR: 0.74, 95% CI: 0.14-3.83,
p = 0:718, Figure 3(a)), combination therapy group (HR:
0.70, 95% CI: 0.45-1.10, p = 0:12, Figure 3(b)), and anti-
PD-L1 group (HR: 0.44, 95% CI: 0.18-1.12, p = 0:085,
Figure 3(e)) without statistical significance.

3.3.2. LMR and PFS. Fifteen cohorts provided the data of
LMR and PFS, in which 13 cohorts displayed baseline
LMR values, 1 cohort posttreatment LMR values, and
1cohort both baseline and posttreatment LMR values. As
with the results of OS analyses, a higher LMR was also asso-
ciated with a better PFS in cancer patients treated with ICIs
(HR: 0.58, 95% CI: 0.48-0.71, p < 0:001, Figure 2(b)) in both
baseline and posttreatment LMR studies (HR: 0.60, 95% CI:
0.49-0.74, p < 0:001; HR: 0.46, 95% CI: 0.29-0.71, p = 0:001,
respectively, Figure 2(b)), but with an obvious heterogeneity
(I2 = 60:5%, p = 0:001).

Because only 2 researches provided the data of posttreat-
ment LMR, which were insufficient for subgroup analysis,
and further stratified analyses were performed based on the
baseline LMR studies. Results exhibited that high baseline
LMR led to a better PFS in RCC arm (HR: 0.63, 95% CI:
0.40-0.99, p = 0:047, Figure 4(a)), NSCLC arm (HR: 0.50,
95% CI: 0.39-0.66, p < 0:001, Figure 4(a)), GC arm (HR:
0.59, 95% CI: 0.42-0.84, p = 0:003, Figure 4(a)), multiple
cancer arm (HR: 0.70, 95% CI: 0.52-0.94, p = 0:019,
Figure 4(a)), western countries arm (HR: 0.72, 95% CI:
0.57-0.92, p =0.008, Figure 4(b)), eastern countries arm
(HR: 0.57, 95% CI: 0.44-0.75, p < 0:001, Figure 4(b)), LMR
<2 arm (HR: 0.53, 95% CI: 0.39-0.72, p < 0:001, Figure 4(c)),
and LMR ≥2 arm (HR: 0.61, 95% CI: 0.48-0.79, p < 0:001,
Figure 4(c)).

3.3.3. LMR and DCR. Eight cohorts incorporating 1,117
cases provided the data of LMR and DCR, with 1 cohort dis-
played both baseline and posttreatment LMR, 6 baseline
LMR, and 1 posttreatment LMR. Similarly, a higher LMR
value was correlated with a better DCR (OR: 2.36, 95% CI:
1.27-4.38, p = 0:006, Figure 2(c)), but with significant hetero-
geneity (I2 = 74:5%, p < 0:001). Subgroup analysis were then
conducted according to the testing time of LMR, which dis-
played a positive association between higher LMR at baseline
and a better DCR (OR: 3.16, 95% CI: 1.70-5.87, p < 0:001,
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Figure 2(c)) but no obvious correlation between LMR at
posttreatment and DCR (OR: 0.66, 95% CI: 0.06-6.77,
p = 0:724, Figure 2(c)).

3.3.4. LMR and irAEs. Six studies with 1,852 patients were
available in the analysis of the association between LMR
and irAEs of any grade, with 5 displayed baseline LMR
and 1 posttreatment LMR. Our pooled analysis showed that
LMR did not exist a correlation with irAEs regardless of the
testing time (OR: 1.26, 95% CI: 0.53-3.02, p = 0:599,
Figure 2(d)).

3.4. Publication Bias. Among the above results, the analysis
of the relationships of LMR at baseline with OS and PFS
included enough articles (>10 studies) and funnel plot
(Figure 3(f)) and Egger’s test were conducted. The shape of
the funnel plot suggested no publication bias for recruited
studies on OS (Egger: p = 0:33) (Figure 3(f)), while there was
a publication bias for PFS (Egger: p = 0:03) (Figure 4(d)).
Meanwhile, because of the limited number of studies for
meaningful assessment (<10 studies), the publication bias
was not performed in other analyses.

3.5. The Sensitivity Analysis. We performed sensitivity anal-
ysis for baseline LMR due to their clinical significance by
excluding one single study from the primary analysis, which
proved that no individual study influenced the results on OS,
PFS, and DCR, suggesting the results were relatively credible
(Figure 5).

4. Discussion

The relationship between inflammation and neoplasm
progression or metastasis has long been discussed. Blood-
derived parameters, which are easily accessible and reproduc-
ible indicators of systemic inflammation, have already been
used as objective biomarkers for predicting the prognoses of
cancer patients [31, 32]. In light of this, increasing studies have
explored whether some of them possess the ability to predict
the efficacy of immunotherapy. However, among these
markers, LMR is relatively less investigated. LMR was initially
identified in hematological malignancies as a prognostic pre-
dictor, then a growing body of work demonstrated its positive
association with better prognoses in many solid tumors,
including lung cancer, gastric cancer, breast cancer, and mela-
noma [24–26, 33, 34]. For example, in patients of melanoma
treated with ipilimumab, higher level of monocyte was found
in cases that did not respond to this agent [35]. Similarly,
higher baseline absolute lymphocyte count indicated an
improved OS in patients treated with pembrolizumab [36].
In this meta-analysis, we investigated the association between
LMR and the therapeutic effect of ICIs based on 27 studies
incorporating 4,322 patients and multiple tumor types, and
the results displayed that higher baseline LMR was positively
correlated with a superior OS, PFS, and DCR for ICIs, indicat-
ing that higher LMR may be a signal for better efficacy for
patients receiving ICIs treatment.

LMR, which is calculated by lymphocytes and mono-
cytes, represents the antitumor immunity and tumor burden
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ID

OS-baseline
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Sabrina (2020)
Hiroki I (2019)
Jarrett JF (2017)
Subtotal (I-squared = 42.5%, P = 0.027) 

Subtotal (I-squared = 72.7%, P = 0.012) 

Overall (I-squared = 52.4%, P = 0.002) 

OS-posttreatment
Rui H (2022)
Shigeo T (2021)
Yang C (2021)
Sabrina R (2020)
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Note: Weights are from random efects analysis
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0.49 (0.32, 0.74)
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0.17 (0.06, 0.60)
0.32 (0.14, 0.72)
0.34 (0.15, 0.76)
0.38 (0.24, 0.62)
0.69 (0.53, 0.91)
0.43 (0.30, 0.60)
0.78 (0.29, 2.07)

0.48 (0.34, 0.70)
2.14 (0.39, 11.69)
0.30 (0.17, 0.55)
0.98 (0.27, 3.49)
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0.46 (0.39, 0.56)

0.61 (0.21, 1.79)
2.17 (0.99, 4.63)
0.52 (0.31, 0.88)
0.14 (0.01, 1.66)
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0.46 (0.24, 0.88)
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Subtotal (I-squared = 0.0%, p = 0.627) 
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Figure 2: Continued.
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study
ID OR (95% CI)
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Subtotal (I–squared = 68.4%, p = 0.004)
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Shigeo T (2021)

Yang C (2021)

Subtotal (I–squared = 88.1%, p = 0.004)

Overall (I–squared = 74.5%, p = 0.000)

Note: Weight from random efects analysis

1.28 (0.38, 4.26)

18.00 (3.68, 88.00)
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Overall (I–squared = 85.8%, p = 0.000)

Note: Weight from random efects analysis

11.33 (2.46, 52.15)

0.59 (0.36, 0.97)

2.96 (1.56, 5.60)

0.12 (0.03, 0.52)

1.01 (0.44,2.34)

1.17 (0.40, 3.47)

1.79 (0.90, 3.56)

1.79 (0.90, 3.56)

1.26 (0.53, 3.02)

12.68

19.46

18.68

13.34

17.44

81.61

18.39

18.39

100.00

0.5 1 1.5

irAEs

(d)

Figure 2: Forest plots for (a) overall survival (OS), (b) progression-free survival (PFS), (c) disease control rate (DCR), and (d) immune-
related adverse event (irAEs).
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study
ID HR (95% CI)

%
Weight

RCC
Kosuke U (2022)
Sara ER (2021)
Hiroki I (2019)
Subtotal (I–squared = 0.0%, p = 0.456)

NSCLC
Amparo SG (2021)
Jia C (2022)
Yuki K (2020)
Sabrina R (2020)
Subtotal (I–squared = 0.0%, p = 0.423)

Subtotal (I–squared = 72.8%, p = 0.055)

Subtotal (I–squared = 0.0%, p = 0.911)

GC
Yang C (2021)
Dan Y un R (2021)

Multiple
Haiping J (2021)
Despina M (2021)
Xiaona F (2021)

Note: Weight from random efects analysis

0.0855 1 11.7

0.61 (0.20, 1.89)
0.69 (0.53, 0.91)
0.29 (0.09, 1.31)
0.66 (0.51, 0.86)

0.34 (0.15, 0.76)
0.32 (0.14, 0.72)
0.30 (0.17, 0.55)
0.98 (0.27, 3.49)
0.35 (0.24, 0.52)

0.38 (0.24, 0.62)
0.14 (0.39, 11.69)
0.74 (0.14, 3.83)

0.48 (0.34, 0.70)
0.43 (0.30, 0.60)
0.46 (0.24, 0.88)
0.45 (0.36, 0.57)

5.27
91.02
3.71

23.29
22.87
44.48
9.36

61.61
38.39

41.77
45.33
12.90

100.00

100.00

100.00

100.00

Tumor type

(a)

study
ID HR (95% CI)

%
Weight

Combined therapy

Man Z (2022)

Wei XQ (2021)

Yang C (2021)

Subtotal (I–squared = 26.8%, p = 0.255)

Subtotal (I–squared = 66.8%, p = 0.004)

Momotherapy

Dan Yun R (2021)

Yuki K (2020)

Kosuke U (2022)

Chan SP (2022)

Hiroyuki I (2022)

Amparo SG (2021)

Sara ER (2021)

Yang C (2021)

Note: Weight from random efects analysis

0.90 (0.56, 1.47)

0.78 (0.29, 2.07)

0.45 (0.23, 0.88)

0.70 (0.45, 1.10)

49.90

17.69

32.41

100.00

2.14 (0.39, 11.69) 5.43

0.30 (0.17, 0.55) 16.10

0.61 (0.20, 1.89) 9.42

0.33 (0.17, 0.60) 15.46

0.17 (0.06, 0.60) 9.16

0.34 (0.45, 1.10) 12.96

0.69 (0.35, 0.91) 20.37

0.19 (0.07, 0.48)

0.39 (0.25, 0.62)

11.10

100.00

0.06 1 16.7

Combined medication

(b)

Figure 3: Continued.
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study
ID HR (95% CI)

%
Weight

LMR ≥ 2
Man Z (2022)
Xueping W (2022)
Kosuke U (2022)
Chan SP (2022)
Hiroyuki I (2022)
Yang C (2021)
Sara ER (2021)
Wei XQ (2021)
Xiaona F (2021)
Haiping J (2021)
Dan Yun R (2021)
Hiroki I (2019)
Subtotal (I–squared = 47.2%, p = 0.035)

LMR ≤ 2
Takashi Y (2022)
Jia C (2022)
Amparo SG (2021)
Despina M (2021)
Yuki K (2020)
Sabrina R (2020)
Jarrett JF (2017)
Subtotal (I–squared = 0.0%, p = 0.524)

Note: Weight from random efects analysis

0.90 (0.56, 1.47)
0.41 (0.19, 0.86)
0.61 (0.20, 1.89)
0.33 (0.17, 0.60)
0.17 (0.06, 0.60)
0.38 (0.24, 0.62)
0.69 (0.53, 0.91)
0.78 (0.29, 2.07)
0.46 (0.24, 0.88)
0.48 (0.34, 0.70)

2.14 (0.39, 11.69)
0.29 (0.09, 1.31)
0.51 (0.40, 0.66)

0.49 (0.32, 0.74)
0.32 (0.14, 0.72)
0.34 (0.15, 0.76)
0.43 (0.30, 0.60)
0.30 (0.17, 0.55)
0.98 (0.27, 3.49)
0.29 (0.15, 0.59)
0.40 (0.33, 0.50)

12.04
7.37
4.11
9.20
3.95

12.21
17.19
5.07
8.88

14.90

25.10

36.72
12.80
2.69
9.41

6.58
6.70

2.01
3.07

100.00

100.00

16.70.06 1

LMR cut-of

(c)

study
ID HR (95% CI)

%
Weight

Eastern countries
Man Z (2022) 0.90 (0.56, 1.47)

0.49 (0.32, 0.74)
0.41 (0.19, 0.86)
0.61 (0.20. 1.89)
0.33 (0.17. 0.60)
0.17 (0.06, 0.60)
0.32 (0.14, 0.72)
0.38 (0.24, 0.62)
0.78 (0.29, 2.07)
0.46 (0.24, 0.88)
0.48 (0.34, 0.70)

2.14 (0.39, 11.69)
0.30 (0.17, 0.55)
0.29 (0.09, 1.31)
0.45 (0.36, 0.57)

0.34 (0.15, 0.76)
0.69 (0.53, 0.91)
0.43 (0.30, 0.60)
0.98 (0.27, 3.49)
0.29 (0.15, 0.59)
0.48 (0.33, 0.70)

10.97
12.58
6.26
3.33
8.02
3.19
5.55

11.16
4.16
7.72

14.23
1.58
1.58
8.78
2.45

Takashi Y (2022)
Xueping W (2022)
Kosuke U (2022)
Chan SP (2022)
Hiroyuki I (2022)
Jia C (2022)
Yang C (2021)
Wei XQ (2021)
Xiaona F (2021)
Haiping J (2021)
Dan Yun R (2021)
Yuki K (2020)
Hiroki I (2019)
Subtotal (I–squared = 34.9%, p = 0.096)

Subtotal (I–squared = 60.2%, p = 0.039)

Western countries
Amparo SG (2021)
Sara ER (2021)
Despina M (2021)
Sabrina R (2020)
Jarrett JF (2017)

Note: Weight from random efects analysis

100.00

100.00
17.16
7.19

29.28
32.37
14.01

Country

16.70.06 1

(d)

Figure 3: Continued.
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in human body [37]. On the one hand, tumor-infiltrating
lymphocytes (TILs) are transformed from circulating lym-
phocytes in tumor microenvironments and well-known to
contribute to antitumor immunity through their cytolytic
activity. Therefore, insufficient numbers of lymphocyte are
regarded as a contributing factor to the under-activation of

the immunologic reaction to the tumor [38], which indicates
poor clinical outcomes in multiple cancer types [39]. Previ-
ous studies showed that higher level of tumor infiltrating
CD8+ T cell predicted better efficacy of ICIs in melanoma
and clear cell renal cell carcinoma patients [40, 41]. In addi-
tion, B lymphocytes are also reported to be associated with

study
ID HR (95% CI)

%
Weight

Anti–PD–1
Man Z (2022)
Takashi Y (2022)
Kosuke U (2022)
Chan SP (2022)
Hiroyuki I (2022)
Jia C (2022)
Amparo SG (2021)
Sara ER (2021)
Xiaona F (2021)
Haiping J (2021)
Dan Yun R (2021)
Sabrina R (2020)
Hiroki I (2019)
Jarrett JF (2017)
Subtotal (I–squared = 47.4%, p = 0.025)

Subtotal (I–squared = 62.6%, p = 0.102)

Anti–PD–L1
Wei XQ (2021)
Yuki K (2020)

Note: Weight from random efects analysis

0.90 (0.56, 1.47)
0.49 (0.32, 0.74)
0.61 (0.20, 1.89)
0.33 (0.17, 0.60)
0.17 (0.06, 0.60)
0.32 (0.14, 0.72)
0.34 (0.15, 0.76)
0.69 (0.53, 0.91)
0.46 (0.24, 0.88)
0.48 (0.34, 0.70)

2.14 (0.39, 11.69)
0.98 (0.27, 3.49)
0.29 (0.09, 1.31)
0.29 (0.15, 0.59)
0.49 (0.38, 0.62)

0.78 (0.29, 2.07)
0.30 (0.17, 0.55)
0.44 (0.18, 1.12)

10.55
11.78
3.66
8.11
3.52
5.93

14.90
7.84

12.98
1.80
2.96
2.74
7.37

41.15
58.85

100.00

100.00

0.06 1 16.7

ICIs agent

(e)

0.8

0.6

0.4

0.2

0

–3 –2 –1 0 1

LnHR

Funnel plot with pseudo 95% confdence limits

(f)

Figure 3: (a) The pooled HRs for overall survival (OS) by LMR at baseline stratified on tumor types (RCC, NSCLC, GC, and multiple); (b)
whether monotherapy or combined therapy; (c) LMR cut-off (<2 and≥2); (d) countries (western countries and eastern countries); (e) type of
ICI agents (anti-PD-1 and anti-PD-L1); (f) funnel plot for the evaluation of publication bias considering the association between the LMR at
baseline and OS (19 studies).

12 Disease Markers



Amparo SG (2021)

Xiaona F (2021)

Yuki K (2020)

Hiroki I (2019)

Kazuki T (2020)

Kosuke U (2022)

Yang C (2021)

Sara ER (2021)

Haiping J (2021)

Dan Yun R (2021)

Subtotal (I-squared = 52.3%, p = 0.123)

Subtotal (I-squared = 0.0%, p = 0.847)

Subtotal (I-squared = 0.0%, p = 0.860

Subtotal (I-squared = 17.5%, p = 0.271)

Study
ID HR (95% CI)

%
Weight

RCC

NSCLC

GC

Multiple

Tumor Types

0.19 5.261

0.81 (0.65, 1.00)

0.38 (0.19, 0.83)

0.48 (0.30, 0.79)
0.49 (0.34, 0.71)
0.50 (0.34, 0.66)

0.58 (0.34, 0.90)
0.62 (0.34, 1.13)

0.59 (0.42, 0.84)

0.55 (0.33, 0.93)
0.77 (0.57, 1.04)
0.70 (0.52, 0.94)

0.58 (0.27, 1.24)

0.63 (0.40, 0.99)

0.60 (0.31, 01.15)

53.68

23.64
22.68

16.66
30.54
52.80

100.00

100.00

100.00

100.00

65.99
34.01

29.54
70.46

NOTE: Weights are from random efects analysis

(a)

Study
ID HR (95% CI)

%
Weight

Country

Xiaona F (2021)

Yuki K (2020)

Hiroki I (2019)

Kazuki T (2020)

Yang C (2021)

Sara ER (2021)

Jarrett JF (2017)

Eastern Countries

Haiping J (2021)

Dan Yun R (2021)

Subtotal (I-squared = 17.5%, p = 0.297)

Subtotal (I-squared = 67.2%, p = 0.001)

Western Countries
Amparo SG (2021)

Man Z (2022)

Kosuke U (2022)
Hiroyuki I (2022)

Zhenzhen L (2022)

0.60 (0.31, 1.15)
0.81 (0.65, 1.00)

0.58 (0.27, 1.24)
0.22 (0.10, 0.51)

0.45 (0.25, 0.83)

0.58 (0.38, 0.90)

0.55 (0.33, 0.93)
0.77 (0.57, 1.04)

0.62 (0.34, 1.13)
0.48 (0.30, 0.79)

0.49 (0.34, 0.71)
0.38 (0.19, 0.83)
0.57 (0.44, 0.75)

0.55 (0.34, 0.92)

0.72 (0.57, 0.92)

1.50 (0.98, 2.30)

12.44
67.27
20.29

10.55
6.61
6.14

100.00

8.34

12.22

100.00

10.49

9.35

8.33
9.79

11.33
6.86

0.1 1 10

NOTE: Weights are from random efects analysis

(b)

Figure 4: Continued.
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good clinical response in cancer patients receiving anti–PD-
1 therapy [42, 43]. On the other hand, monocytes infiltrate
tumors and evolved into tumor-associated macrophages
(TAMs) in response to chemokines, which involved in
tumor proliferation, invasion, metastasis, and angiogenesis
[44–46]. In gastric cancer, TAMs have been reported to sup-

press the function of cytotoxic T cells through the PD-1/PD-
L1 pathway [47] and indicate poor prognoses [48, 49]. Con-
sistently, in in vivo experiment, TAMs can lead to resistance
of PD-1 inhibitors [50]. Therefore, LMR was thought to
reflect host immune status and have the potential to serve
as a predictor of therapeutic effect of ICIs treatment.

Study
ID HR (95% CI)

%
Weight

LMR cut-of

Xiaona F (2021)

Yuki K (2020)

Hiroki I (2019)
Kazuki T (2020)

Yang C (2021)
Sara ER (2021)

Jarrett JF (2017)

Haiping J (2021)
Dan Yun R (2021)

Subtotal (I-squared = 0.0%, p = 0.852)

Subtotal (I-squared = 69.1%, p = 0.000)

Amparo SG (2021)

Man Z (2022)
LMR>2

Kosuke U (2022)
Hiroyuki I (2022)

Zhenzhen L (2022)

NOTE: Weights are from random efects analysis

_

LMR<2

0.60 (0.31, 1.15)
0.48 (0.30, 0.79)

0.58 (0.27, 1.24)
0.22 (0.10, 0.51)
0.45 (0.25, 0.83)
0.58 (0.38, 0.90)

0.55 (0.33, 0.93)

0.77 (0.57, 1.04)
0.62 (0.34, 1.13)

0.81 (0.65, 1.00)

0.49 (0.34, 0.71)

0.38 (0.19, 0.83)
0.61 (0.48, 0.79)

0.55 (0.34, 0.92)
0.53 (0.39, 0.72)

1.50 (0.98, 2.30)

21.89
40.13
37.97

10.26
6.15
5.68

100.00

7.91

12.12

100.00

10.20
13.28
8.97

7.90
11.13

6.40

0.1 1 10

(c)

Funnel plot with pseudo 95% confdence limits
0

0.1

0.2

0.3

0.4

–1.5 –1 –0.5 0 0.5

s.e
. o

f 1
nH

R

1nHR

(d)

Figure 4: (a) The pooled HRs for progression-free survival (PFS) by LMR at baseline stratified on tumor types (RCC, NSCLC, GC, and
multiple); (b) LMR cut-off (<2 and≥2); (c) and countries (eastern countries and western countries); (d) funnel plot for the evaluation of
publication bias considering the association between the LMR at baseline and PFS (14 studies).
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Man Z (2022)

Takashi Y (2022)

Xueping W (2022)

Kosuke U (2022)

Chan SP (2022)

Hiroyuki I (2022)

Amparo SG (2021)

Yang C (2021)

Jia C (2022)

Sara ER (2021)

Despina M (2021)
Wei XQ (2021)

Xiaona F (2021)

Haiping J (2021)

Dan Yun R (2021)
Yuki K (2020)

Sabrina R (2020)
Hiroki I (2019)

Jarrett Jf (2017)

0.460.390.37 0.56 0.58

Lower CI Limit Upper CI LimitEstimate

Meta-analysis estimates, given named study is omitted
OS

(a)

Man Z (2022)

Kazuki T (2020)

Zhcnzhcn L (2022)

Kosuke U (2022)

Hiroyuki I (2022)

Amparo SG (2021)

Yang C (2021)

Sara ER (2021)

Xiaona F (2021)

Haiping J (2021)

Dan Yun R (2021)

Yuki K (2020)

Hiroki I (2019)

Jarrett JF (2017)

0.46 0.600.49 0.74 0.77

Meta-analysis estimates, given named study is omitted

Lower CI Limit Upper CI LimitEstimate

PFS

(b)

Figure 5: Continued.
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The differential responses to ICIs can be linked to the
diversity of individual innate immune system and some other
factors [7, 8], including the patient’s specific GM. As accumu-
lating evidence has demonstrated the critical role of GM in
modulating the host’s immune system [8, 51], GM manipula-
tion is further proved to be a powerful therapeutic strategy to
affect ICIs efficacy and irAEs [52, 53]. For instance, antibiotic
administration could lead to a disrupted GM and therefore
compromise the therapeutic effect of ICIs, while fecal microbi-
ota transplantation (FMT) resulted in overcoming of anti-PD-
1 therapy [53–55]. In addition, previous study shed light on
the role of neutrophil-lymphocyte ratio (NLR) as a systemic
inflammation marker to reflect the status of GM, and individ-
uals with lower NLR showed increased diversity in their gut
microbiota [56]. In turn, short-chain fatty acids (SCFAs),
one of metabolites produced by microbes from components
in the gut, can promote both the effector and regulatory effects
of T cells and the antibody production, and may therefore
enhance the host’s immunity [57]. Taken together, these
results revealed the interaction of microbiota, hematological
inflammatory indicators, and ICIs efficacy, through which
the inflammatory markers may predict the clinical outcomes
of ICIs therapy.

This study displayed that baseline LMR is positively cor-
related with OS, PFS, and DCR, while posttreatment LMR
failed to show this correlation in the analysis of OS and
DCR. This may be ascribed to the limited number of studies

reporting the results of posttreatment LMR and the incon-
sistencies of the testing time of LMR, which varies from 2
weeks after initial administration to 8 weeks. Previous
research indicated that the least time of activated leukocytes
“truly” mobilize into peripheral blood is 4 weeks [58], which
may partly explain the discordant conclusion of articles
reporting LMR at posttreatment. Hence, future studies may
more specifically investigate whether the different testing
time of posttreatment LMR could influence the outcomes
and whether changes of LMR between pre- and post-ICIs
correlate with the clinical efficacies.

At present, the precise mechanisms of the presentation
of irAEs have not been fully elucidated. One explanation is
that tumor cells and the affected tissue have shared antigens,
and activated CD8-positive T-lymphocytes cannot distin-
guish between them and attack normal tissue cells unexpect-
edly [59]. Other potential mechanisms include subclinical
autoimmune responses and microbiome [60, 61]. A number
of studies have examined the relationships of peripheral
blood biomarkers with the risk of irAEs, which yielded dif-
ferent conclusions [62, 63]. In this study, we observed that
LMR had no relationship with irAEs both before or post
ICIs treatment, but in consideration of the limited data, pro-
spective studies with larger patient cohorts and more
detailed patients’ clinical information are needed.

This study encountered several limitations: first, all the
recruited studies were retrospective, while no randomized

Meta-analysis estimates, given named study is omitted

Lower CI Limit Upper CI LimitEstimate

3.161.701.50 5.87 7.29

Eisuke B (2022)

Hiroyuki I (2022)

Yang C (2021)

Jia C (2022)

Xiaona F (2021)

Hiroki I (2019)

Sara ER (2021)

DCR

(c)

Figure 5: Sensitivity analysis of (a) overall survival (OS), (b) progression-free survival (PFS), and (c) disease control rate (DCR).
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controlled trial (RCT) was available, which may lead to
potential confounders. Second, subgroup analysis based on
specific ICIs agent were not able to conduct due to the less
comprehensive data. Third, there was publication bias for
pooled PFS in the analysis of LMR at baseline. Nonetheless,
our results are still interesting because few meta-analyses
focus on the relationship between LMR and the clinical out-
comes of ICIs.

In conclusion, this study showed that the value of base-
line LMR is positively associated with a better OS, PFS,
and DCR in cancer patients undergoing ICI therapy, and
subgroup analyses on tumor types, ICIs agents, combination
therapy, cutoff value of LMR, and study regions exhibited
similar results or trends, indicating the promising prognostic
value of LMR on ICIs therapy in clinical practice.
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