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Background: Lymphocyte to monocyte ratio (LMR) was recently reported as a prognostic 

factor of pancreatic cancer (PC). However, the prognostic role of LMR in PC remains incon-

sistent and inconclusive. The aim of this study was to assess the prognostic value of LMR in 

patients with PC through meta-analysis.

Methods: Eligible studies inquiring into the connection between LMR and survival of patients 

with PC were collected and extracted by searching PubMed, Embase, Cochrane Library and 

Web of Science up to May 9, 2017. Pooled hazard ratios (HRs) and the 95% CIs were calcu-

lated to assess the prognostic value of LMR on overall survival (OS) and disease-free survival/

recurrence-free survival/time to progression (DFS/RFS/TTP).

Results: A total of 1,795 patients with PC from 8 studies were included in the meta-analysis. 

Pooled analysis indicated that elevated LMR predicted a favorable OS (HR =0.56, 95% CI: 

0.38–0.83, P=0.004) and DFS/RFS/TTP in PC patients (HR =0.38, 95% CI: 0.15–0.95, P=0.04). 

Prognostic values of LMR on OS were observed in subgroups with all ethnicities, treatment 

with surgery, American Joint Committee on Cancer (AJCC) stage of III–IV, and LMR cut-off 

value 3. In addition, low LMR was significantly connected with gender and AJCC stage.

Conclusion: An elevated LMR is associated with favorable survival in patients with pancreatic 

cancer.
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Introduction
Pancreatic cancer (PC) is one of the most aggressive malignancies, and the fourth 

leading cause of cancer death worldwide, with an overall 5-year survival rate of 5%.1 

Surgical resection is still the primary treatment for patients with operable disease, 

but most PC patients cannot be diagnosed until advanced stage, and only 20% 

are operable.2,3 Therefore, it is important to identify a prognostic marker that could 

contribute to the selection of individual therapeutic strategy and the improvement of 

prognosis of PC.

Systemic inflammation has been found to be associated with angiogenesis and 

progression of cancer,4–6 and can be easily measured by peripheral blood-based 

parameters such as neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte 

ratio (PLR), and lymphocyte to monocyte ratio (LMR), which is associated with 

prognosis in patients with various types of malignant tumors.7–11 Recently, a number 

of investigations suggested that LMR predicts clinical outcomes of PC patients.12–14 

Nevertheless, the consistency and magnitude of the prognostic impact of LMR for 

PC patients has not yet been systematically analyzed. Therefore, we conducted a 
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 systematic review and meta-analysis to assess the prognos-

tic value of LMR on overall survival (OS) and disease-free 

survival/recurrence-free survival/time to progression (DFS/

RFS/TTP) in PC patients.

Materials and methods
Search strategies and eligible criteria
This analysis was conducted in accordance with the PRISMA 

statement.41 PubMed, Embase, Cochrane Library, and Web 

of Science were systematically searched for literature up 

to May 2017. The following terms were used in the main 

medical subject heading terms and text words: “PC,” “pan-

creatic cancer,” “pancreatic carcinoma,” “pancreatic tumor,” 

“pancreatic neoplasms,” “pancreatic adenocarcinoma,” 

“PDAC,” “LMR,” “lymphocyte monocyte ratio,” “lympho-

cyte to monocyte ratio,” “lymphocyte-to-monocyte ratio,” 

“lymphocyte-monocyte ratio,” “prognosis,” “outcome,” 

“survival,” “mortality,” “recurrence” “progression,” “metas-

tasis”. References of relevant studies were also scanned for 

potentially eligible studies.

Inclusion criteria for our analysis were as follows: 1) the 

diagnosis of PC was confirmed by pathology; 2) described 

prognostic value of LMR for OS, cancer-specific survival 

(CSS), RFS, DFS or progression-free survival (PFS); 3) HR 

with 95% CI was available for data extraction.

The exclusion criteria were as follows: 1) letters, confer-

ence abstracts, case reports, editorials, expert opinions and 

reviews; 2) lacked sufficient data to extract HRs and their 

95% CIs; 3) duplicate publications and repeated analyses.

Data extraction and qualitative 
assessment
The following information of each eligible study was 

extracted independently by 2 investigators (WL and LT):  

1) first author’s name, year of publication, country, ethnicity, 

survival analysis methods (multivariate, univariate) and sur-

vival outcome (OS, CSS, DFS, PFS and TTP); 2) mean age of 

patients, number of patients (male and female), AJCC stage, 

treatment, cut-off of LMR, and consideration of ROC for 

selection of cut-off; 3) HRs as well as their 95% CIs for OS, 

CSS, DFS, RFS and TTP (Table 1). HRs were extracted from 

multivariable analyses due to consideration of the confound-

ing factors. If multivariable analyses were not available, HRs 

from univariable analyses were extracted. Any discrepancies 

were resolved by discussion to reach a consensus.

The quality assessment of eligible studies was indepen-

dently performed by 2 reviewers (WL and LT) according 

to the NOS,20 which included criteria of patient selection  

(0–4 points), comparability of groups (0–2 points), and 

outcome assessment (0–3 points). If NOS scores were 7, 

a study was defined as a high-quality study (Table 1).

Statistical analysis
RevMan version 5.3 software (Cochrane Collaboration, 

Copenhagen, Denmark) was used for statistical analysis. 

The chi-square-based Q-statistic test and the I2 statistic were 

performed to assess the inter-study heterogeneity.42 A fixed-

effects model was used if there was no significant hetero-

geneity (P0.10 for the Q-test and I250%). Otherwise, a 

random-effects model was selected. The aggregated HRs and 

95% CIs were applied to access the prognostic value of LMR 

on OS and DFS/RFS/TTP. The associations between LMR 

and clinicopathologic features were expressed as odds ratios 

(ORs) and their 95% CIs. Subgroup analyses were conducted 

on the following items: ethnicity, treatment, AJCC stage, 

cut-off for LMR. Sensitivity analyses were conducted by 

evaluating result stability after sequential omission of each 

study. All statistical tests were two-tailed, and P0.05 was 

defined as statistical significance. Funnel plot asymmetry 

test was used to estimate the publication bias.

Table 1 Main characteristics of all the studies included in the meta-analysis

Author Year Country Ethnicity Age, years 
(mean ± SD)

Sample 
(male/female)

AJCC 
stage

Treatment ROC 
analysis

Cut-off 
value

Survival 
outcome

HR 
analysis

NOS 
score

Fujiwara et al17 2014 Japan Asian 66.5±10.9 111 (68/43) i–iv Surgery No 2 OS/DFS Mv/Uv 7
Li et al14 2016 China Asian 62.0±2.8 144 (77/67) i–iii Surgery Yes 2.86 OS/RFS Mv/Uv 7
Qi et al18 2015 China Asian 61.2±10.7 211 (134/77) iii–iv Mixed No 3.3 OS Mv/Uv 6
Qi et al19 2016 China Asian 58.8±10.7 177 (108/69) iii–iv Chemotherapy Yes 3 OS/TTP Mv/Uv 7
Sierzega et al16 2017 Poland Caucasian 60 (55–66)* 442 (260/182) i–iii Surgery Yes 3 OS Mv/Uv 7
Singh et al13 2017 USA Caucasian 66.0±8.8 97 (97/0) i–iv Mixed No 2.05 OS Uv 6
Yu et al15 2017 China Asian NA 139 (83/56) iii–iv Chemotherapy No 3.19 OS Mv/Uv 7
Stotz et al12 2015 Austria Caucasian 64.6±10.4 474 (256/218) i–iv Mixed Yes 2.8 CSS Mv/Uv 8

Note: *Median (interquartile range).
Abbreviations: AJCC, American Joint Committee on Cancer; CSS, cancer-specific survival; DFS, disease-free survival; HR, hazard ratio; MV, multivariate; NA, not available; 
NOS, Newcastle–Ottawa Scale; OS, overall survival; RFS, recurrence-free survival; ROC, receiver operating characteristic; TTP, time to progression; Uv, univariate.
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Results
Search results and study characteristics
Fifty-one primary records were identified for initial review 

using searching strategies, of which 11 were duplicates. 

Forty titles and abstracts were screened for eligibility, and 

12 articles were enrolled for further evaluation. After full-text 

article assessment, 4 articles were excluded due to confer-

ence abstract and insufficient data. Finally, 8 studies were 

selected for the present meta-analysis following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement (Figure 1).12–19

A total of 1,795 patients were included for the meta-

analysis and characteristics of 8 enrolled studies are shown 

in Table 1. Two studies were reported by Qi et al and 

samples came from the same medical center in China, but 

the enrolled groups were non-repetitive.18,19 All the studies 

were published between 2014 and 2017 and retrospective 

sample sizes ranged from 97 to 474. Among the studies, 

5 evaluated Asian patients, and 3 Caucasian patients. The 

treatments were surgery, chemotherapy and mixed methods. 

Seven studies reported the prognostic value of LMR in OS, 

and 3 studies in DFS/RFS/TTP. Hazard ratios (HRs) and 

their 95% CIs were reported in the included studies with 

multivariable and/or univariable analyses. The LMR cut-off 

values ranged from 2 to 3.3, and 4 of them were identified 

with receiver-operating characteristic (ROC) curves. The 

Newcastle–Ottawa scale (NOS) scores of the included stud-

ies ranged from 6 to 8.20

Meta-analysis
The prognostic value of LMR in OS
Seven studies evaluated the association between LMR and 

OS, which included 1,321 patients with PC. The pooled anal-

ysis indicated that an elevated LMR predicted a favorable OS 

(HR =0.56, 95% CI: 0.38–0.83, P=0.004). The heterogeneity 

of included studies was significant and a random-effects 

model was used (Ph 0.001; I2=86%) (Figure 2).

To minimize the influence of heterogeneity, we con-

ducted 4 subgroup analyses based on ethnicity, treatment, 

American Joint Committee on Cancer (AJCC) stage, and 

cut-off value of LMR (Table 2). Subgroup analysis according 

to ethnicity showed that LMR had a prognostic role of OS 

Figure 1 Flow diagram of the study selection in the analysis.
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in Asians (HR =0.50, 95% CI: 0.27–0.91, P=0.02, random-

effects model, I2=87%), and in Caucasians (HR =0.80, 95% 

CI: 0.68–0.93, P=0.005, fixed-effects model, I2=41%). 

In the subgroup of the treatment, increased LMR predicted an 

enhanced OS in patients treated with surgery (HR =0.34, 95% 

CI: 0.14–0.80, P=0.01, random-effects model, I2=87%), but 

not chemotherapy (HR =0.90, 95% CI: 0.64–1.27, P=0.56, 

fixed-effects model, I2=0%) and mixed methods (HR =0.71, 

95% CI: 0.50–1.01, P=0.06, random-effects model, I2=74%). 

When stratified by AJCC stage, the analyses indicated 

that LMR was a prognostic marker in patients with AJCC 

stage of III and IV (HR =0.71, 95% CI: 0.56–0.90, P=0.005, 

fixed-effects model, I2=43%), but not in patients with AJCC 

stage of I–IV (HR =0.63, 95% CI: 0.32–1.23, P=0.17, 

random-effects model, I2=76%) and I–III (HR =0.30, 95% 

CI: 0.08–1.20, P=0.09, random-effects model, I2=94%). 

In the subgroup of the cut-off value for LMR, the results 

indicated that increased LMR was significantly associated 

with favorable OS in studies of cut-off value 3 (HR =0.69, 

95% CI: 0.56–0.85, P0.001, fixed-effects model, I2=24%), 

but not in studies of cut-off value 3 (HR =0.38, 95% CI: 

0.12–1.15, P=0.09, random-effects model, I2=95%).

The prognostic value of LMR in DFS/RFS/TTP
Three studies comprising 432 patients reported HRs for DFS/

RFS/TTP. The random-effects model was used for analyses 

because there was significant heterogeneity (Ph 0.001; 

I2=92%). Pooled data indicated that elevated LMR was 

connected with favorable DFS/RFS/TTP in PC patients 

(HR=0.38, 95% CI: 0.15–0.95, P=0.04) (Figure 3). Sub-

group analyses were not carried out because of a deficiency 

in studies.

Clinicopathological parameters and LMR
To investigate the association between LMR and characteristics 

of PC patients, we identified 5 clinicopathological parameters 

that included gender, age, location, AJCC stage, and tumor 

differentiation (Table 3). The pooled analysis showed that 

Table 2 Subgroup analyses for the association between LMR and OS in PC

Subgroup No of  
studies

No of  
patients

Effects  
model

HR (95% CI) P-value Heterogeneity

I2 (%) Ph

Overall 7 1,321 Random 0.56 (0.38–0.83) 0.004 86 0.001
Ethnicity
Asian 5 782 Random 0.50 (0.27–0.91) 0.02 87 0.001
Caucasian 2 539 Fixed 0.80 (0.68–0.93) 0.005 41 0.19
Treatment
Surgery 3 697 Random 0.34 (0.14–0.80) 0.01 87 0.001
Chemotherapy 2 316 Fixed 0.90 (0.64–1.27) 0.56 0 0.90
Mixed 2 308 Random 0.71 (0.50–1.01) 0.06 74 0.05
AJCC stage
i–iv 2 208 Random 0.63 (0.32–1.23) 0.17 76 0.04
i–iii 2 586 Random 0.30 (0.08–1.20) 0.09 94 0.001
iii–iv 3 527 Fixed 0.71 (0.56–0.90) 0.005 43 0.17
Cut-off for LMR
3 4 969 Fixed 0.69 (0.56–0.85) 0.001 24 0.27
3 3 352 Random 0.38 (0.12–1.15) 0.09 95 0.001

Abbreviations: AJCC, American Joint Committee on Cancer; HR, hazard ratio; LMR, lymphocyte to monocyte ratio; OS, overall survival; PC, pancreatic cancer.

Figure 2 Forest plots for the association between LMR and OS.
Abbreviations: LMR, lymphocyte to monocyte ratio; OS, overall survival; Se, standard error.
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low LMR was significantly connected with gender (male vs 

female; HR =1.46, 95% CI: 1.09–1.97, P=0.01) and AJCC 

stage (I and II vs III and IV; HR =0.50, 95% CI: 0.37–0.69, 

P0.001). No significant difference was found between the 

level of LMR and age (65 vs 65; HR =0.86, 95% CI: 

0.63–1.18, P=0.35), location (head vs body/tail; HR =1.03, 

95% CI: 0.64–1.65, P=0.91), and tumor differentiation (poor 

vs well/moderate; HR =1.25, 95% CI: 0.90–1.73, P=0.18).

Sensitivity analysis and publication bias
We performed sensitivity analyses to assess the stability of 

the results of analyses considering all the included studies. 

Every single study was removed to estimate the influence of 

individual data sets on the combined HR for OS and DFS/

RFS/TTP. The result showed that the pooled HR was not 

obviously influenced by any single study, which indicated 

that our pooled results were stable.

Funnel plot asymmetry test was used to estimate the pub-

lication bias. Visual inspection of funnel plot of OS indicated 

asymmetry, which may be due to an insufficient number of 

studies and significant statistical heterogeneity (Figure 4).

Discussion
Inflammation is the seventh hallmark of cancer,21,22 and the 

bilateral influence of systemic inflammatory status and cancer 

is involved in the prognosis of PC patients. Inflammation-

related prognostic scores utilizing blood count parameters, 

such as NLR, LMR, and PLR, have gained increasing 

attention in various malignancies, including PC.10,11,23–25 To 

the best of our knowledge, this is the first meta-analysis to 

investigate the prognostic value of LMR in PC.

Our study pooled the currently available evidence and 

suggested that the elevated LMR significantly increases OS 

and DFS/RFS/TTP in patients with PC. Because there was 

significant heterogeneity among studies, subgroup analyses 

were performed. The subgroup analyses showed that LMR 

had prognostic value in OS regardless of ethnicity. As for 

the treatment of PC, our study implied that higher prognostic 

value of LMR in OS was observed in patients who received 

surgery. We suggested that the OS of patients receiving 

chemoradiotherapy can be influenced by unknown fac-

tors, such as myelosuppression. Furthermore, the stratified 

analyses showed that LMR may have more prognostic value 

for OS in advanced PC patients. The cut-off value of LMR 

for OS in PC patients was different for previous retrospec-

tive studies, and our stratified analyses showed that LMR 

cut-off value 3 may have more discriminative prognostic 

value for OS. In addition, the association between LMR and 

clinicopathological parameters of PC patients was analyzed. 

The pooled data showed that male patients and advanced PC 

patients (AJCC stage III and IV) were more likely to have 

low LMR, which indicated poor OS.

The real mechanisms by which LMR predicts the survival 

outcome of PC patients are still unclear. The systematic 

inflammation state, which is affected by host immunity, 

is associated with progression and metastasis of PC.26–28 

Tumor infiltrating immune cells play a critical role in cancer 

progression and metastasis, and have prognostic value in 

τ χ

Figure 3 Forest plots for the association between LMR and DFS/PFS/TTP.
Abbreviations: DFS, disease-free survival; LMR, lymphocyte to monocyte ratio; PFS, progression-free survival; TTP, time to progression; Se, standard error.

Table 3 Meta-analysis of the association between LMR and clinicopathological parameters of PC

Characteristics No of  
studies

No of  
patients

OR (95% CI) P-value Heterogeneity

I2 (%) Ph

Gender (male vs female) 3 729 1.46 (1.09–1.97) 0.01 0 0.90
Age (65 vs 65) 2 618 0.86 (0.63–1.18) 0.35 39 0.20
Location (head vs body/tail) 3 341 1.03 (0.64–1.65) 0.91 0 0.83
AJCC stage (i–ii vs iii–iv) 4 822 0.50 (0.37–0.69) 0.001 0 0.90
Differentiation (poor vs well/moderate) 2 618 1.25 (0.90–1.73) 0.18 0 0.33

Abbreviations: AJCC, American Joint Committee on Cancer; LMR, lymphocyte to monocyte ratio; OR, odds ratio; PC, pancreatic cancer.
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various malignancies.29–31 Tumor-infiltrating lymphocytes are 

important components of the anti-tumor immune microen-

vironment, and are the cellular basis of immunosurveillance 

against tumor cells.32 CD4+ and CD8+ T lymphocytes play 

an important role in anti-tumor immunity reaction through 

induction of cytotoxic cell death and inhibition of tumor cell 

proliferation and migration.33–35 In addition, previous studies 

have found that lymphocytopenia was a prognostic factor of 

OS in PC.27,28

Monocytes play an important role in tumor progression. 

Tumor-associated macrophages (TAMs), which are associ-

ated with peripheral blood monocytes, have been found to 

be correlated with poor survival in several malignancies.36,37 

TAMs have also been implicated in promoting tumor inva-

sion and angiogenesis, as well as had immunosuppressive 

effects on anti-tumor response of lymphocytes by production 

of growth factors and cytokines.5,39–41 Therefore, a low LMR 

represented inadequate anti-tumor immunity and a tumor 

promoted inflammatory microenvironment.

There were several limitations of our study. First, signi-

ficant heterogeneity was found among studies. Therefore, a 

random-effects model and subgroup analyses were performed 

to adjust for heterogeneity. Second, there were not enough 

eligible studies to focus on the prognostic value of LMR in 

DFS/RFS/TTP, so the subgroup analyses were not conducted. 

Third, the cut-off value of LMR was different in each study, 

based on which stratified analyses on cut-off value for LMR 

were conducted in our study. Finally, all included studies 

were retrospective studies.

In conclusion, our meta-analysis showed that an elevated 

LMR is associated with favorable survival in patients with 

PC. The LMR could be a generally available and low price 

prognostic biomarker of PC in clinical practice.
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