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Background: Although accumulating evidence suggests peripheral blood lymphocyte-to-monocyte
ratio (LMR) could act as a prognosis predictor in various tumors, the prognostic value of LMR
still remains controversial. We carried out this meta-analysis to evaluate the association of pre-
treatment LMR with survival outcomes in patients with solid tumors.

Methods: Eligible studies were collected and extracted by searching PubMed and Embase
databases up to June 3, 2015. The pooled hazard ratios (HRs) and their 95% confidence intervals
(ClIs) were computed to assess the prognostic value of LMR quantitatively.

Results: Eighteen studies with a total of 8,377 participants were enrolled in this meta-analysis.
Our findings indicated that elevated pre-treatment LMR predicted a significantly favorable overall
survival (HR=0.59, 95% CI: 0.53-0.67) and disease-free survival (HR=0.74, 95% CI: 0.68—0.80)
in solid tumor patients. Subgroup analyses revealed that enhanced LMR was significantly asso-
ciated with favorable overall survival in patients with digestive system cancers (HR=0.63, 95%
CI: 0.49-0.81), urinary tract tumors (HR=0.66, 95% CI: 0.52—0.84), lung cancer (HR=0.62,
95% CI: 0.54-0.72), and nasopharyngeal carcinoma (HR=0.50, 95% CI: 0.43-0.57).
Conclusion: This meta-analysis showed that enhanced LMR may indicate a favorable prognosis
in patients with solid tumors.

Keywords: LMR, solid tumors, prognosis, meta-analysis

Introduction

Cancer has been an enormous burden in our society and it is one of the leading
causes of death in both developing and developed countries. There were approxi-
mately 14.1 million new cancer cases and 8.2 million cancer-related deaths in 2012
worldwide.! Although the diagnostic and therapeutic approaches have improved in
the past decades, cancer patients still have an unsatisfying prognosis mainly due to
local recurrence and distal metastasis.> Therefore, it is of great significance for us
to identify a practical biomarker to determine the optimal therapeutic strategies and
predict the prognosis of cancers.

It is widely accepted that systemic inflammatory response plays a crucial role in
the pathogenesis and progression of cancers.>* Several systemic inflammatory indi-
cators, such as platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio
(LMR), and neutrophil-to-lymphocyte ratio (NLR), have been explored to predict
the prognosis in a wide variety of tumors.>®* Among these predictors, lymphocytes
are considered to play the crucial roles in the antitumor immunological reaction. An
elevated pre-treatment lymphocyte count has been reported to be connected with
the good prognosis of patients with Hodgkin lymphoma and non-small cell lung
cancer.”'® Monocytes can secrete a variety of proinflammatory cytokines, such as
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tumor necrosis factor-alpha (TNF-o), interleukin-1 (IL-1),
and interleukin-6 (IL-6), which are associated with poor
prognosis in cancer patients.!! Therefore, LMR, calculated
as a simple ratio between lymphocyte and monocyte, may be
a better prognostic factor for hematologic malignancies and
solid tumors.”!%217 However, the prognostic value of LMR
for solid tumors patients remains controversial. Some studies
revealed that the elevated pre-treatment LMR level was asso-
ciated significantly with favorable prognosis for patients with
solid tumors, such as gastric cancer,*'® pancreatic cancer,?
lung cancer,'*'? nasopharyngeal carcinoma,'*!*> and so on.!>3
Other studies had different views on this conclusion.>%!%2
Hutterer et al’s' research showed that LMR was not an inde-
pendent prognostic factor for renal cell carcinoma patients’
overall survival (OS) in multivariate analysis. A similar result
was found for patients with gastric cancer in Deng et al’s®
study. Therefore, we embarked on this meta-analysis to shed
light on the association between LMR and the survival of
patients with solid tumors.

Materials and methods

Search strategy and eligible criteria

A systematic literature search was carefully performed by
using PubMed and Embase databases (updated on June 3,
2015). The search keywords were shown as follows:
“lymphocyte monocyte ratio”, “lymphocyte to monocyte
ratio”, “lymphocyte-monocyte ratio”, “lymphocyte-
to-monocyte ratio”, “LMR” and “cancer”, “carcinoma”,
“neoplasm”, and “tumor”. Searches were supplemented by
scanning the references of selected articles. If there were
overlapping and duplicate datasets detected on the same
patient cohort, only the most informative or most recent
report was involved in the analysis.

Studies selected in this meta-analysis need to satisfy the
following criteria: (1) it researched on the patients with solid
tumors; (2) it investigated the association between LMR and
OS or disease-free survival (DFS); (3) LMR was calculated
from peripheral blood cell count before any treatment was
administered. Studies were excluded if they had any of the
following items: (1) letters, case reports, conference abstracts,
laboratory studies, or reviews; (2) study without sufficient
data to extract the HR and its 95% CI; (3) LMR measured
after anticancer treatment; and (4) duplicate publications.

Data extraction and qualitative

assessment
The following information was independently extracted from
each eligible study by two investigators (JJT and TYZ):

first authors’ surname, publication year, sample size, country
of origin, median age, types of diseases, disease stage, tumor
grade, treatment strategy, follow-up, cut-off values, HR, and
95% CI of LMR for survival outcomes. The authors discussed
to reach a consensus when there was disagreement. If the
results were reported by both univariate and multivariate
analysis, we choose the latter because it was more precise
due to consideration of the confounding factors.

The quality of selected studies was independently
evaluated by two reviewers (JJT and TYZ) according to the
Newcastle-Ottawa Scale (NOS) for assessing the quality of
non-randomized studies in meta-analyses.?! Each study was
judged from three broad perspectives, namely selection,
comparability, and outcome. The score was obtained by
using a “star system”, and studies with scores of 6 or more
were considered as high quality.

Data analysis

The aggregated HRs and 95% Cls were used to evaluate the
impact of LMR on OS or DFS. The statistical variables were
directly extracted from the study, or calculated from available
numerical data based on the method suggested by Tierney
etal.”> An observed HR less than 1.0 implied a better prognosis
in patients with high LMR. We performed the chi-square-based
QO-statistic test and calculated the /-squared (/%) statistic to
assess the interstudy heterogeneity. A fixed-effects model was
selected if the heterogeneity among the enrolled studies was
not significant (P>0.05 for the O-test and 2<<50%). Other-
wise, a random-effects model was applied. Publishing bias of
literatures was assessed by using the Begg’s funnel plot and
Egger’s linear regression test. All P-values were two-tailed,
and P<<0.05 was considered to be statistically significant. Sta-
tistical analyses were conducted using Stata package version
12.0 (StataCorp LP, College Station, TX, USA).

Results
Study selection and quality

According to the literature search methods as described
earlier, a total of 1,283 studies were initially selected.
After removing the duplicates, 743 studies were identified.
However, 702 irrelevant studies were excluded by screen-
ing the title and abstract. Because this approach was not
informative, 41 full-text articles were reviewed for further
evaluation. In this process, we selected 18 studies and
excluded 23 studies. Among these excluded studies, 15
were excluded because they reported the prognostic value
of other inflammation index but not LMR-specific data;
three were excluded, because the data of HR and 95% CI
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were not available; two were excluded, because the survival
outcomes did not focus on OS or DFS. Three other studies
were also ineligible, because the LMR involved was mea-
sured after treatment. Finally, 18 studies®!0:12-16.18-20.23-28
were enrolled in our meta-analysis. The flowchart of the
studies selection process is shown in Figure 1. The qual-
ity score evaluated by the NOS ranged from 6 to 8 with a
mean value of 6.7.

Characteristics of the included studies

The main characteristics of the 18 enrolled studies are shown
in Table 1. All studies were retrospective. Sixteen studies
reported OS, and eight studies investigated DFS. This
meta-analysis enrolled a total of 8,377 participants, who
were diagnosed with a variety of solid tumors, including
pancreatic carcinoma,® esophageal squamous cell carcinoma,’
gastric cancer,>'® lung cancer,'*'>? colorectal cancer,'®*
nasopharyngeal carcinoma,'!>%* and others.?*?* Among the
18 enrolled studies, 13 studies evaluated Asian populations,
and five evaluated Caucasian patients. The LMR cutoff
values ranged from 2.14 to 5.22 and were identified with
different methods among studies: 13 studies using receiver
operating characteristic (ROC) curve analysis, four using the

Studies identified through
database searching
(n=1,283)

Studies excluded based on title
or abstract:

v
Studies identified after
duplication removed
(n=743)

Reviews, letters, case reports,
conference abstracts, and
irrelevant studies (n=291)

Not clinical studies (n=228)

Not focused on solid tumors

A 4

(n=157)
v Full text not written in English
=26)
Studies for full-text (n
evaluation
(n=41)

Studies excluded with reasons:
Study not focused on LMR (n=15)

Survival outcome not
concentrated on OS or DFS (n=2)

A 4

v

Studies included in the Ll\ﬂR measured after treatment
. (n=3)
meta-analysis
(n=18) Do not provide concerned date
(n=3)

Figure | Flow diagram of the study search and selection process.
Abbreviations: DFS, disease-free survival; LMR, Lymphocyte-to-monocyte ratio;
OS, overall survival.

median LMR of the patient group, and one using log-rank
test. Nine studies enrolled more than 300 patients, and nine
studies enrolled less than 300 patients. All studies used the
white blood cell counts based on pre-treatment laboratory
data to calculate LMR. For all patients who underwent surgi-
cal treatment, LMR was measured preoperative. The effect
of pre-treatment LMR on survival outcomes in all studies
was assessed by multivariate analysis.

Meta-analysis results

Relationship between LMR and OS

For 16 studies evaluating the correlation between LMR
and OS, there appeared to have an overall moderate but not
statistically significant level of heterogeneity (’=44.7%,
P=0.024). Hence, a random-effects model was applied to
pool the HR and its 95% CI (Figure 2). We found that an
elevated pre-treatment LMR predicted a significantly favor-
able OS with combined HR of 0.59 (95% CI: 0.53-0.67,
P<0.001) (Table 2).

To minimize the influence of heterogeneity, we further
conducted seven subgroup analyses based on ethnicity, LMR
cut-off value, sample size, median age, type of cancers, and
tumor stage/grade (Table 2). In the subgroup of ethnicity, a
pooled analysis of nine studies in Asians demonstrated that
increased LMR was significantly associated with enhanced
OS (HR=0.61, 95% CI: 0.53-0.69, random-effects model,
P=55.5%). Enhanced OS in Caucasians with elevated pre-
treatment LMR was also found by merging five studies with
pooled HR of 0.56 (95% CI: 0.45-0.71, fixed effect model;
P=19.4%). When stratified by cancer type, the result indi-
cated that LMR was a favorable prognostic marker in patients
with digestive system carcinomas (HR=0.63, 95% CI: 0.49—
0.81, random-effects model; ’=61.4%), urinary tract tumors
(HR=0.66, 95% CI: 0.52-0.84, fixed-effects model; ’=0.0%),
lung cancer (HR=0.62, 95% CI: 0.54-0.72, fixed-effects
model; ’=5.1%), and nasopharyngeal carcinoma (HR=0.50,
95% CI: 0.43-0.57, fixed-effects model; ”=0.0%) (Figure 3).
In the subgroup of the LMR cut-off value, merging eight
studies of cut-off value >3 indicated that increased LMR
was significantly associated with enhanced OS (HR=0.63,
95% CI: 0.54-0.73, random-effects model; ’=55.0%). The
same outcome was also shown in meta-analysis of studies
of cut-off value =3 (HR=0.53, 95% CI: 0.46-0.61, fixed-
effects model; ’=0.0%). In the subgroup of sample size, we
found that no matter the sample size >300 or <300, high
LMR level was still a favorable predictor for OS (HR=0.63,
95% CI: 0.54-0.73, HR=0.55, 95% CI: 0.48-0.64, respec-
tively). When stratified by tumor stage, we found that
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Study ID HR (95% CIl) Wt %
Qietal® e 0.58 (0.42-0.80)  6.68
Han et al” —_— 0.57 (0.39-0.83) 5.56
Deng et al® | ——=——  1.00(0.73-1.35) 7.05
Stotz et al'® -— 0.51(0.31-0.83)  3.87
Zhou et al'® —f—o— 0.69 (0.52-0.91)  7.80
Kozak et al* € + : 0.27 (0.11-0.68) 1.34
Li et al™ —_— 0.56 (0.42-0.75)  7.43
Lin et al's —_— 0.42 (0.30-0.59) 6.35
Lin et al®® —_— 0.53 (0.41-0.69)  8.31
Hu et al'? —5— 0.66 (0.55-0.79)  10.72
Go et al® —_— 0.68 (0.47-0.97)  5.85
Hutterer et al® —_— 0.73 (0.49-1.08) 5.32
Hutterer et al™ t; 0.56 (0.34-0.92)  3.93
Szkandera et al? (a) L 0.72 (0.34-1.52)  1.96
Szkandera et al® (b) € + : 0.35(0.17-0.75)  2.00
Zhang et al?® —_— 0.67 (0.41-0.89) 5.43
Jiang et al? _— 0.50 (0.41-0.60)  10.42
Overall (>=44.7%, P=0.024) <> 0.59 (0.53-0.67) 100
T

0.2

Figure 2 Forest plots of studies evaluating the association between LMR and OS in solid tumor patients.

Note: Weights are from random-effects analysis.

Abbreviations: Cl, confidence interval; HR, hazard ratio; LMR, lymphocyte-to-monocyte ratio; OS, overall survival; wt, weight.

high levels of LMR predict a better OS for non-metastatic
diseases (HR=0.62, 95% CI: 0.55-0.69), metastatic diseases
(HR=0.49, 95% CI: 0.43-0.57), and mixed group (HR=0.72,
95% CI: 0.56-0.93). Similarly, subgroup analyses stratified
by median age and tumor grade did not alter the prognostic
role of LMR in OS (Table 2).

Relationship between LMR and DFS

For eight studies evaluating DFS, a fixed-effects model was
used in that there was no significant heterogeneity among
them (”=44.2, P=0.073). The pooled HR was 0.74 (95% CI:
0.68-0.80) (Figure 4), which indicated that high LMR level
was significantly connected with favorable DFS. Similar
to OS analyses, subgroup analyses stratified by ethnicity,
LMR cutoff value, sample size, median age, type of can-
cers, and tumor stage/grade were also conducted. As shown
in Table 2, the pooled outcomes indicated that high LMR
was also significantly associated with favorable DFS in all
subgroup analyses.

Heterogeneity analysis

To explore the most possible sources of heterogeneity in
the OS meta-analysis, a sensitivity analysis was performed
by removing one study each time and evaluating the pooled
HRs again. We found that Deng et al’s® study distinctively
influenced the overall results (Figure 5A). When we removed

this study from the analysis, the heterogeneity became
insignificant (P=0.298, I’=13.6%), whereas the pooled
outcome still indicated that LMR was a favorable predictor
for OS (HR=0.58, 95% CI: 0.53-0.62). Consequently, we
considered that Deng et al’s study was responsible for the
heterogeneity. We also performed a meta-regression to
explore the potential factors that lead to heterogeneity in the
OS meta-analysis. As a result, factors including published
year (P=0.72), ethnicity (P=0.52), tumor type (P=0.92),
median age (P=0.23), tumor stage (P=0.52), tumor grade
(P=0.55), and sample size (P=0.28) did not significantly
contribute to the heterogeneity, whereas LMR cutoff value
(P=0.07) was perhaps the source of heterogeneity. In the DFS
studies,®71214.202427.28 we also conducted a sensitivity analy-
sis. The result showed that no individual study significantly
affected the pooled outcome (Figure 5B).

Publication bias

We assessed a publication bias of the enrolled studies by
using the Begg’s funnel plot and Egger’s test. In the analyses
of OS, the funnel plots seemed symmetrical (Figure 6A).
The P-value of Begg’s and Egger’s tests was 0.34 and 0.54,
respectively. Hence, no proof of significant publication bias
was detected for OS. However, the asymmetric funnel plots
(Figure 6B) and the result of Egger’s test (P=0.03) indicate
a potential publication bias for DFS.
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Study ID HR (95% CI) Wt %
Digestive system cancer
Qietal® —_— 0.58 (0.42,0.80) 21.07
Han et al” —_——— 0.57 (0.39,0.83) 15.44
Deng et al® —+— 1.00(0.73,1.35) 23.30
Stotz et al'® —_———— 0.51(0.31,0.83) 9.08
Zhou et al'® ——— 0.69 (0.52,0.91) 28.55
Kozak et al** = 0.27 (0.11,0.68) 2.55
Subtotal (12=61.4%, P=0.024) 0.67 (0.58,0.77) 100
Nasopharyngeal carcinoma
Li et al™ —— 0.56 (0.42,0.75) 24.38
Lin et al'® —_—— 0.42(0.30,0.59) 18.20
Jiang et al?® —_— 0.50 (0.41,0.60) 57.42
Subtotal (/2=0.0%, P=0.459) < 0.50 (0.43,0.57) 100
Lung cancer
Lin et al™® —— 0.53 (0.41,0.69) 28.06
Hu et al'? —— 0.66 (0.55,0.79) 57.56
Go et al® — 0.68 (0.47,0.97) 14.38
Subtotal (/12=5.1%, P=0.349) 0.62 (0.54,0.72) 100
Urinary tract tumor
Hutterer et al™ —_—— 0.73(0.49,1.08) 37.37
Hutterer et al®® —_— 0.56 (0.34,0.92) 24.05
Zhang et al*® —_——— 0.67 (0.41,0.89) 38.58
Subtotal (/2=0.0%, P=0.716)  —_— 0.66 (0.52,0.84) 100
Soft tissue sarcoma
Szkandera et al? (a) 0.72 (0.34, 1.52) 49.56
Szkandera et al? (b) + 0.35(0.17,0.75)  50.44
Subtotal (12=44.4%, P=0.180) _— 0.50 (0.30, 0.85) 100
I I
0.1 1.7
Figure 3 Forest plots for the subgroup analysis of OS in different malignant diseases.
Abbreviations: Cl, confidence interval; HR, hazard ratio; OS, overall survival; wt, weight.
Study ID HR (95% CI) Wt %
T
i
Deng et al° ————— 098(0.73,132) 858
Kozak et al* £ : 0.31(0.11, 0.89) 0.69
Han et al’ E 0.61 (0.42, 0.89) 5.34
Ni et al?® _— 0.68(0.50,0.92)  8.46
Li et al™ — 0.67 (0.54,0.84)  14.95
Szkandera et al?(a) € : 0.39 (0.16, 0.91) 1.00
Szkandera etal® (b) € ] 0.36(0.16,0.79)  1.18
Hu et al? ——— 0.75 (0.65, 0.87) 35.41
Xiao et al* —i—t— 0.81 (0.68, 0.96) 24.40
Overall (/?=44.2%, P=0.073) <> 0.74 (0.68, 0.80) 100
T ! T

Figure 4 Forest plots of studies evaluating the association between LMR and DFS in solid tumor patients.

0.25

1

1.6

Abbreviations: Cl, confidence interval; DFS, disease-free survival; HR, hazard ratio; LMR, lymphocyte-to-monocyte ratio; wt, weight.
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A Meta-analysis random-effects estimates (exponential form)
Study omitted
Qi et al® I p |
Han et al’ I P |
Dengetal® | | ° |
Stotz et al'® o |
Zhou et al™® || ° |
Kozak et al?* | o 1
Li et al'4 I o 1
Lin et al'® | o |
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Szkandera et al? (b) 1 o |
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B Meta-analysis fixed-effects estimates (exponential form)
Study omitted

Dengetal® | | © |

Kozak et al* I o 1

Han et al’ I o |

Ni et al?® I o |

Lietal™ I o |

Szkandera et al? (a) 1 o |

Szkandera et al? (b) | © |

Hu et al'?

Xiao et al*” o |
1
0.65 0.68 0.74 0.80 0.82

Figure 5 Sensitivity analysis for meta-analysis of LMR.
Notes: (A) Effect of single study on the pooled HR for LMR and OS of patients. (B) Effect of single study on the pooled HR for LMR and DFS of patients.
Abbreviations: DFS, disease-free survival; HR, hazard ratio; LMR, lymphocyte-to-monocyte ratio; OS, overall survival.

A Begg'’s funnel plot with pseudo B Begg'’s funnel plot with pseudo
95% ClI 95% ClI
0.51 14
0_ °
0_
— . Fid
= < . @
£ £
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—2-
T T T T T T T T
0 0.2 0.4 0.6 0 0.2 0.4 0.6
SE of Inhr SE of Inhr

Figure 6 Publication bias in this meta-analysis.
Notes: (A) Begg's funnel plots of publication bias for merged analysis of OS. (B) Begg’s funnel plots of publication bias for merged analysis of DFS.
Abbreviations: Cl, confidence interval; DFS, disease-free survival; HR, hazard ratio; OS, overall survival; SE, standard error.
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Discussion

During the past few years, many kinds of predictors have
been found and applied for predicting solid tumors outcomes,
including inflammatory factors. Many tumors may rise from
the sites of chronic irritation, infection, and inflammation.?
Inflammation is a key component of cancer progression.
Cancer-related inflammation also aids malignant cells pro-
liferation and promotes tumor-correlated angiogenesis and
metastasis.* As important inflammatory markers, lymphocytes
and monocytes have been independently connected with
the prognosis of various malignant neoplasms.?*3! The
pre-treatment LMR potentially balances the effects of
lymphocytes, and monocytes makes it a useful prognostic
factor. Moreover, because pre-treatment hematological tests
are routinely measured in the clinic, LMR seems to be an
easily obtained, inexpensive, and a robust predictor.

To the best of our knowledge, our meta-analysis is the first
systematic study to determine the prognostic value of LMR in
patients with solid tumors. Our combined results showed that
elevated LMR was associated with favorable OS and DFS.
Furthermore, subgroup analyses were performed based on
types of cancers, ethnicity, cut-off value, median age, sample
size, and tumor stage/grade. We found that elevated LMR was
a favorable predictor for both Asians and Caucasians, but the
association in Caucasians was stronger than that in Asians. We
also showed that high LMR was connected with favorable OS
and DFS in patients diagnosed with digestive system cancers,
as well as nasopharyngeal carcinoma and lung cancer. Simi-
lar results were also shown in other six subgroup analyses.
Therefore, LMR is a promising prognostic biomarker that can
be used to estimate survival outcomes of solid tumor patients.
To find the potential sources of heterogeneity in studies for
08, sensitivity analysis and meta-regression were conducted.
Result of the sensitivity analysis indicated that the study of
Deng et al® was responsible for the heterogeneity. Deng et al’s
study assessed the prognostic value of NLR, derived (ANLR),
PLR, and LMR in patients with gastric cancer. It found that
elevated LMR was significantly associated with enhanced
OS in univariate analysis but insignificantly in multivariate
analysis. The insignificant prognostic effect of elevated LMR
in this study perhaps induced a negative result in our meta-
analysis. The result of meta-regression showed that LMR
cut-off value may be the potential sources of heterogeneity.
Studies included using different methods to explore the LMR
cut-off value. However, subgroup analyses demonstrated that
LMR was an effective prognostic factor, regardless of the
cut-off value >3 or =3.

At present, the exact mechanism of the prognostic value
of LMR in solid tumor patients is poorly understood. Several

underlying mechanisms for this association are listed as
follows. First, lymphocytes as crucial components of host
immunity play important role in the antitumor immunological
reaction by inducing cytotoxic cell death and inhibiting
tumor cell proliferation and migration.** Previous studies
have reported that tumor-infiltrating lymphocytes are
associated with favorable prognosis in patients with various
carcinomas.’'* Infiltrated CD4* and CD8* T cells are essential
to the antitumor immunological reaction and can induce
tumor cell apoptosis via interaction among each other.*3
However, systemic inflammation response from malignant
cells could cause immunosuppression, for which tumor cells
can escape host immune surveillance.>* A low lymphocyte
count has been found in many human neoplasms, and it is
often associated with worse clinical outcomes, which may be
due to the depressed lymphocyte-mediated immune response
to the tumor.*® On the other hand, macrophages derived from
circulating monocytes show specific phenotypic character-
istics. Increasing evidence demonstrated the high density
of tumor-associated macrophages in a wide spectrum of
tumors is associated with increased tumor-correlated angio-
genesis, invasiveness, and poor outcomes.’” Macrophages
may enhance tumor development and angiogenesis by releas-
ing TNF-q, vascular endothelial growth factor, and epidermal
growth factor.’®* As mentioned earlier, LMR combined with
the effects of lymphocyte and monocyte may be a stronger
predictor of prognosis for cancer patients.

Although the present meta-analysis showed that high
LMR level was associated with favorable outcomes, the
results should be interpreted cautiously for several limita-
tions identified in our study. First, there was some hetero-
geneity among included studies. Heterogeneity might be
caused by the differences in age, sex, ethnicity, sample sizes,
types of the tumors, disease stage, treatment received, cut-off
values of LMR, durations of follow-up, and other factors.
Despite a random-effects model was applied, the factor
and study found responsible for heterogeneity should be
paid attention to while considering the related conclusions.
Second, several HRs and 95% CI were calculated from
available numerical data in the studies, which may bring
minor deviations. Third, the cut-off value of LMR applied
in the enrolled studies was not unified. Fourth, the eligible
studies were all retrospective analysis. Finally, although no
evidence of significant publication bias was noted in OS
meta-analysis, there was significant publication bias in DFS
meta-analysis. Several reasons may lead to the publication
bias. On the one hand, our study included only published
articles and meanwhile they were all written in English.
On the other hand, studies with positive results were more

OncoTargets and Therapy 2016:9

submit your manuscript 45

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Teng et al

Dove

easily to be published than those with negative results. Even
though published, they were usually unassessable due to the
concise reports of results.

Conclusion

In summary, our study demonstrated that increased pre-
treatment LMR is correlated with significantly favorable
outcomes in patients with solid tumors. We consider that
LMR, a widely available, inexpensive, and robust inflam-
matory biomarker, could be widely used to evaluate the
prognosis of solid tumors. However, because all studies
included in our meta-analysis were retrospective, larger
prospective, and multicenter studies should be performed to
confirm the predictive value of LMR. Future studies based
on large sample to explore a definitive LMR cut-off value
are also recommended. Additionally, specific therapies or
interventions to modify a low pre-treatment LMR level may
be proven to be beneficial in improving the prognosis of
patients with solid tumors. Targeting systemic inflammation
may be an effective treatment for tumor patients with low
LMR. All of these possibilities are necessary to be addressed
in the near-future studies.
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