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Abstract

Background: Lymphocyte to monocyte ratio (LMR) is a surrogate marker of systemic inflammation
which is shown to be related to the patient’s survival in multiple malignancies. An important impli-
cation of this marker potentially is neoplasms in which there is no correlation between prognosis and
histopathological staging and also has no reliable chemical markers associated with prognosis. Here-
in, this meta-analysis aimed to investigate the prognostic role of LMR in patients with hepatocellu-
lar carcinoma (HCC). Materials and Methods: In the current systemic review and meta-analysis,
we conducted a systemic search of databases and indexing sources, including PubMed, EMBASE,
Cochrane, Scopus, and ProQuest up to May 2019 toinclude studies on the prognostic significance of
LMR on patients with HCC. Overall survival (OS), disease-free survival (DFS) and recurrence-free
survival (RFS) values were extracted from the studies and analyzed. The pooled hazard ratio with
a 95% confidence interval was explored to identify the prognostic value of the LMR in the survival
of the patients with HCC. Results: A total of 12 studies with a total sample size of 3750 cases were
included. There was significant heterogeneity among the studies; therefore, subgroup analysis was
also performed. Overall analysis regarding OS showed an insignificant relationship between LMR
and patient’s prognosis, dividing to subgroups based on LMR cut-offs did not yield any significant
result, subgroup analysis for RFS founded statistically significant results and LMR was signifi-
cantly related to DFS. Conclusion: High LMR was associated with increased DFS and RFS, in
return this association was not observed for OS. [GMJ.2020;9:¢1948] DOI:10.31661/gm;j.v9i0.1948
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Introduction

Hepatocellular carcinoma (HCC) is one
of the major causes of cancer-related
death worldwide, with an un-proportionate
incidence in developing countries, because
of increased exposure to risk factors such as
chronic viral hepatitis, aflatoxin generated in
canned foods, and an increasing rate of smok-
ing and obesity [1]. Much attention has been
putinto the association of these risk factors and
cancer progression in the liver, and although
a wide range of possible step-wise models
of activation of pathologic mechanisms has
been suggested, the inflammatory pathways
are highly considered to be involved [2]. In-
flammation is a major contributor to malig-
nant transformation; it enables the creation of
reactive oxygen species (ROS) that promotes
further DNA damage. It is also a trigger for ac-
tivation of cellular signaling pathways which
promotes cellular proliferation and limit the
extent of apoptosis. The NF-KB signaling
pathway, the master regulator of inflammato-
ry signaling, is a regulator of DNA-damage
response end-points determining how cells
react to external stressful stimuliwith potent
pro-carcinogenic effects [3, 4]. Another ma-
jor influence of inflammation on cancer pro-
gression is exerted via inflammation media-
tors, mainly via cellular components of the
immune system. It is well documented that
the cells in the innate and adaptive immune
systems are important agents to limit carcino-
genesis by inducing apoptosis and autophagy
in cancer cells; however, these cells are also
able to secret DNA-damaging agents leading
to carcinogenesis [5]. Although much debate
exists about the overall effects of immune
cells in cancer progression experimental
studies on humans and disease models have
found that being in a chronic state of immune
stimulation is associated with poor prognosis
[6]. Moreover, according to Zhao et al. study,
low pretreatment lymphocyte count may rep-
resent an unfavorable prognostic factor for
clinical outcomes in patients with solid tu-
mors [7]. Recent meta-analysis were evaluat-
ed the prognostic role of blood inflammatory
markers such as lymphocyte to monocyte ra-
tion in the HCC [8] and further meta-analyses
in these inflammatory markers are necessary.

Predicting Role of LMR in HCC

Lymphocyte to monocyte ratio (LMR) is
a marker of immune activation, which has
shown linked to the overstimulation of the
immune system. Increased LMR is associated
with an unfavorable prognosis [9], but how
exactly LMR affects the tumor environment
and the relationship between tumor stage,
LMR and prognosis are still unknown, and
more importantly, the results from different
studies are in-consistent [10]. In addition,
a growing number of articles are assessing
the prognostic significance of LMR, mak-
ing a systemic review, and meta-analysis of
further beneficence. Moreover, few studies
have explored the predictive ability of LMR
in patients with HCC. Herein, we conduct a
systematic review and meta-analysis to clari-
fy the association between LMR and patients
prognosis.

Materials and Methods

This study was conducted according to the
Preferred Reporting Items for Systematic
review and Meta-Analysis (PRISMA) for re-
porting in systematic review and meta-anal-
ysis and was registered at the PROSPERO
(approval ID: CRD42019128454).

Search Strategies

We searched PubMed, EMBASE, Cochrane,
Scopus, and ProQuest databases up to May
2019 using the following keywords: (“liver
tumor” OR “liver cancer” OR “liver neo-
plasms” OR “liver cell carcinoma” OR “he-
patocellular carcinoma” OR “HCC”) AND
(“LMR” OR “lymphocyte to monocyte ratio”
OR “lymphocyte monocyte ratio” OR “lym-
phocyte-to-monocyte ratio” OR “lympho-
cyte-monocyte ratio”) AND (“survival” OR
“prognostic” OR “prognosis” OR “outcome”
OR “recurrence” OR “clinical outcome™).
Reference lists of all articles found in the
search were also screened for additional stud-
ies. References from relevant articles were
also included and gathered manually. More-
over, handle search performed for possible
more relevant studies.

Inclusion Criteria
Inclusion criteria were as follow: 1) All rel-
evant observational and clinical prospective
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and retrospective studies; 2) The definite di-
agnosis of HCC by biopsies; 3) Studies as-
sessing the association between LMR and
overall survival (OS), diseases free survival
(DFS), and relapse-free survival (RFS); 4)
Reporting the cut-off value of LMR; 5) Pro-
viding enough information to calculate Haz-
ard ratio (HR) with a 95% confidence interval
[CI]; 6) Articles published in English

Exclusion Criteria

The following exclusion criteria were also
considered: 1) Experimental studies on ani-
mals; 2) Letters, editorials, expert opinions,
reviews, and case reports; 3) Patients with
other types of primary neoplasia; 4) Studies
providing insufficient data.

Data Extraction
Data extraction was done by two independent
reviewers (HA and PP). Any disagreement
between the two reviewers regarding the in-
clusion of the studies was resolved by a third
reviewer (MN).

Quality Assessment

The Newcastle-Ottawa scale (NOS) was used
to assess the reporting quality of the studies.
This scale comprises of 9 distinct items in
which each item is scored as one point. The
maximum points available for each article is
9 and studies with scores higher or equal to 7
are considered to be high-quality studies [11].
In this review, all studies with a score of more
than or equal to 6 were included.

Statistical Analysis

Pooled analyses were performed using Com-
prehensive M/a-Analysis v. 2.0 (CMA, Bio-
stat Inc., Englewood, NJ, USA). The prog-
nosis outcomes were explored using the HR
with corresponding 95% confidence interval.
The prognosis outcomes mainly contained
the OS, DFS or RFS. The heterogeneity was
assessed across all studies by Cochran’s Q
test and Higgins I>. The heterogeneity was
considered significant when P<0.05 and/or
12>50%, the random-effects model was used;
if not, the fixed-effect model was applied. In
addition, the funnel plot was conducted to
evaluate publication bias. P<0.05 was consid-
ered statistically significant
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Results

The electronic search which was described
above resulted in the identification of 331
articles which were eligible for inclusion in
this study. PRISMA diagram of the study is
shown in Figure-1 In the manual search, 18
new studies, which were not included in the
electronic search, were identified. After the
exclusion of duplicate articles, 297 articles
remained. The abstract of all these articles
was scanned and 244 articles were excluded.
The remaining 53 articles underwent a full-
text evaluation, of which 41 were excluded.
The remaining 12 studies were subjected to a
final review, and 10 were included in the final
meta-analysis (abstracts were not included in
quantitative synthesis). Of the 12 included
studies, 11 reported OS, 5 reported RFS, 2 re-
ported DFS and one study had reported time
to recurrence (TTR). The combined sample
size of the studies was 4253 patients, and the
sample size of the studies being analyzed was
3750 patients. The quality of the studies was
reported based on the NOS scale. All studies
scored 6 or above and thus all of them were
of sufficient quality. Table-1 summarizes the
main findings of the 12 studies included in the
systemic review and the 10 original articles
analyzed.

1. Meta-analysis

1.1.0S

Studies were analyzed for heterogeneity, and
12 was equal to 94.388, showing a high lev-
el of heterogeneity. Because of this subgroup
analysis was also performed. Both univariate
and multivariate analysis were included and
analyzed separately, and then an overall anal-
ysis was performed. Overall 3059 patients
were analyzed and the overall HR was 0.749
(95% CI: 0.504 -1.112, P=0.152, Figure-2).
Subgroup analysis was performed and re-
vealed that in studies with a NOS score of less
than 7 (P=0.001). Analysis based on the cut-
off points did not generate a significant associ-
ation. Subgroup analysis was also performed
based on cut-off values, and studies were di-
vided into those with a cut-off value of less
than 3 and more than 3. P was equal to 0.505
for both groups. The funnel plot of the OS
analysis is included in Figure-3A, S1, and S2.
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Figure 1. PRISMA diagram of the study

1.2.Recurrence-free Survival

Of the 12 included studies, 5 studies had re-
ported RFS values and their relation to LMR.
The heterogeneity of the studies was reported
to be 88.926%; thus, subgroup analysis was
performed. The number of patients being ana-
lyzed was 1472. The overall analysis showed
aHR 0f 0.815 (95% CI1 0.553-1.202, P=0.302,
Figure-4). Subgroup analysis showed that
studies with a cut-off of less than 3 HR was
2.118 (95% CI: 1.353-3.317, P=0.001). Stud-
ies with a cut-off value of more than 3 had an
HR 0f 0.680 (95% CI, 0.964 - 0.479, P=0.03)
(Figure-3B, S3, and S4).

1.3.Disease-free Survival

Of the 12 studies included in this review, 2
studies had examined the relationship be-
tween LMR and DFS. Heterogeneity analysis
revealed an 12 equal to 67.690 for fixed-effect
analysis. The number of patients being ana-
lyzed was 1672. Figure-5 summarizes the HR
of the studies and their univariate and multi-
variate analyses. It is shown that the overall

analysis shows that the HR is 1.584 (95% CI:
1.411-1.778, P<0.001). The funnel plot of the
study is included in Figure-3C.

Discussion

In this systemic review, the significance of
LMR regarding the prognosis of HCC was
studied. LMR is regarded as a reliable surro-
gate marker of inflammatory responses and
has previously been shown to be related to
clinical outcomes over a wide range of con-
ditions, ranging from trauma to malignant tu-
mors and auto-immune diseases [24]. LMR
elaborates on two important factors effective
in tumor progression. The first is the immune
response towards the tumor, which is shown
by the number of lymphocytes, including
Tumor-infiltrating lymphocytes [25]. These
lymphocytes induce DNA damage response
signaling in neoplastic cells, ultimately lead-
ing to endpoints such as apoptosis or exces-
sive autophagy, which causes cell death [26].
On the contrary, monocytes associated with
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Group by Study name Statistics for each study Hazard ratio and 95% Cl
Type ofAnalysts Hazard Lower Upper
ratio limit  limit Z-Value p-Value

MV Takagi2018 1.970 1.111 3493 2320 0.020 e
MV Li 2017 (1) 0.147 0.085 0.254 -6.891 0.000 B o
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uv Shi2017(2) 0450 0301 0673 -389%0 0000 L d
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uv Shimizu 2019(2) 1.660 1.043 2643 2136 0.033 -.-
uv 0.876 0437 1.754 -0.374 0.708
Qverall 0749 0504 1112 -1.433 0.152 t

1
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Figure 2. Analysis of the predictive value of lymphocyte to monocyte ratio in overall survival of hepatocellular carcinoma

malignant tissue, or commonly termed Tu-
mor-associated macrophages (TAM) are im-
portant drivers of cancer progression. Multi-
ple in vitro studies have found that these cells
contribute to angiogenesis and lymphangio-
genesis, which results in increased tumoral
cell proliferation, increased flux of intravas-
cular fluid and ominously, and increased rates
of distant metastasis [27]. Importantly, TAMs
counter-act the immune system and have im-
munosuppressive functions [28]. A summary
of the bio-cellular significance of TAMs and
TILs is included in Figure-6. Tumor-infil-
trating lymphocytes activate DNA damage
response signaling and cause apoptosis [29].
Furthermore these interties secret [FN-Gam-
ma which exerts direct anti-cancer effects
[30]. Studies have also shown that some of
these lymphocytes have pro-cancer effects,
best shown by regulatory B lymphocytes
that induce angiogenesis and inhibit apopto-
sis [31]. Tumor-associated macrophages are
known cancer-promoting cells which secret
mediators such as VEGF, FGF and MMP
which promote angiogenesis, and TGF-beta
that promotes EMT with a combined effect
in increasing the rate of distant metastasis
[32]. These cells secret IL-1, which increases
proliferation in cancer cells [33]. TNF-alpha
released by these cells results in the activation
of the NF-Kb signaling pathway, which acts
as a master regulator of inflammation [34].
IL-6 released by these cells leads to the acti-
vation of STAT3, causing the release of IL-10,

which has proven to have immune suppres-
sion effects [35, 36]. The importance of LMR
is more obvious, where conventional grad-
ing and staging techniques are not adequate
to predict OS, and also in instances which
conventional tumor markers and studies are
not associated with clinical outcome, and are
rather associated with histopathological char-
acteristics of tumors [37]. Original articles,
systemic reviews, and meta-analysis focusing
on a wide range of cancers including epitheli-
al cancers [38], urological cancers [39], ovar-
ian cancers [40], gastrointestinal cancers [41],
and last but not least, hepatobiliary cancers
[42], have found that LMR could be associat-
ed with OS, DFS, RFS and post-surgery life
span, post-radiotherapy life span and quality
of life. HCC is one of the deadliest cancers
and much effort has been invested in trying
to classify patients to good and poor outcome
subgroups. Until now, studies focusing on
molecular markers have generally found little
success in identifying suitable markers [37].
One exception is alpha-fetoprotein which
has been shown to be significantly associated
with treatment outcome in patients undergo-
ing a combination therapy with Sorafenib and
chemoembolization [43], and is also a predic-
tor of HCC recurrence following liver trans-
plantation [44]. This marker is not without
limitations; one important pitfall being the
subgroup of HCCs with low-normal alpha-fe-
toprotein levels [45]. Accordingly, there has
been extensive research on LMR in hepato-
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Figure 3. A. Funnel plot of the predictive value of lymphocyte to monocyte ratio (LMR) in overall survival of hepatocellular carcinoma,
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Study name Statistics for each study Hazard ratio and 95% ClI
Hazard Lower Upper

ratio limit  limit Z-Value p-Value
Li 2017 0.317 0.097 1.040 -1.895 0.058 —il—
Shi2017(1) 0.614 0433 0.870 -2.740 0.006 ]
Lin 2015(1) 0584 0.398 0.857 -2749 0.006 B
Lei Zhang 2018 (1) 2.050 1.060 3.965 2133 0.033 ——
Wu 2016 (1) 0.449 0.345 0.584 -5963 0.000 [ |
Shimizu 2019(1) 1.804 1.083 3.005 2268 0.023 -
Shi2017(2) 0680 0487 0949 -2266 0023 [ |
Lin 2015(2) 0601 0405 0.892 -2528 0.011 B
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Figure 4. An overall analysis of the predictive value of lymphocyte to monocyte ratio in recurrences-free survival (RFS) analysis in stud-
ies which reporting RFS

Group by Study name Statistics for each study Hazard ratio and 95% CI
analysis Hazard Lower Upper

ratio mit limit Z-Value p-Value
hal'y’ Yang 201801 1266 1.003 1.595 1956 0.047
Tty Wang 2017(1) 1506 1278 1775 4 886 0.000 .
bl 1409 1134 1663 4 067 0.000 ‘
I (21%ang 2017 1893 1.631 2197 g.410 0.000 .
I Wang 2018(2) 1600 12968 1875 4373 0.000 B
I 1771 1507 2080 5942 0.000 l.-
Crverall 1584 1411 1778 7509 0.000 |.|

0.01 04 1 10 100

Figure 5. Overall and subgroup analysis based on multivariate and univariate analyses of the predictive value of lymphocyte to monocyte
ratio (LMR) in disease-free survival

cellular cancers, with novel studies being
published rapidly. More so, couple of reviews
have also focused on this subject matter. Song
et al. performed a meta-analysis on 7 stud-
ies published between 2014 and 2017. The
studies included in this systemic review had a
combined patient number of 1718 [HR=0.31,
95%CI: 0.20-0.47], and LMR was associat-
ed with the length of OS and DFS/RFS [39].
This study had included 7 studies which were
all performed in China, and had a significant
heterogeneity (12=74%) [39]. This study only
reported data from China in languages other
than English, and were not included in our
study. We did not find any significant relation
between LMR and OS, and only subgroup
analysis yielded significant results for DFS
and RFS. These differences in results could
be due to the fact that our study included stud-
ies from other countries, such as Japan and

France, and we included a large number of
studies, including the analysis done regarding
OS. In general, the number of studies in both
is rather limited and is not enough to rule out
or suggest the routine use of LMR as a prog-
nostic marker, but both studies suggest that
LMR may be beneficial for predicting DFS
and RFS in patients suffering from HCC. Im-
portantly, previous studies on the significance
of LMR and other ratios of blood parameters
have proven to be valuable prognostic mark-
ers for other cancers [39]; therefore, future
studies using larger sample sizes and studies
from different geographic locations, as well
as multi-center studies can direct us towards
better decision making. Worthy of attention,
no single biomedical marker is adequate-
ly beneficial in detecting the prognosis of
HCC, because of this LMR shows potential
for further investigation, as it has shown great
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EMT: Epithelial Mesenchymal Transformation; DDR: DNA Damage Response; IFN: Interferon; TGF-B: Transforming Growth Factor Beta; TNF-al-
pha: Tumor Necrosis Factor Alpha; STAT3: Signal Transducer and Activator of Transcription 3; NF-kb: Nuclear Factor Kappa-light-chain-enhancer of
Activated B Cells; MMP: Matrix Metallopeptidases; FGF: Fibroblast Growth Factor

clinical relevance in other cancers, including
other forms of hepatobiliary malignancies
[46]. Moreover, even specific cellular mark-
ers of hepatic cells have not been beneficial
in detecting the prognosis of HCC [47]. It
should be noted that many other blood mark-
ers and parameters have been considered as
prognostic indicators, including the platelet
to neutrophil ratio, platelet to monocyte ra-
tio, and the ratios of different leukocytes with
various membrane identifiers to each other
[48, 49]. LMR is a considerable prognostic
factor; however, little is known about the rel-
ative efficacy of LMR compared with other
identifiers which may be an interest-bearing
asset for the future. Our systematic review
and meta-analysis had some limitations. The
included studies in the RFS analysis were
limited, which makes concern about the anal-
ysis accuracy of RFS. High heterogeneity of
the variables may reduce the credibility of
the results; however, a subgroup analysis was
performed.

Conclusion

In this systemic review and meta-analysis,
the prognostic value of the LMR in HCC was
studied. There was no significant relationship
between LMR and OS of the HCC, while
subgroup analysis yielded significant results.
DFS and RFS were correlated with LMR, al-
though number of studies were limited com-
pared with OS. Further studies could fruitful-
ly explore the prognostic significance of the
LMR in HCC.
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Supplementary Figure 2. Subgroup analysis of the predictive value of lymphocyte to monocyte ratio (LMR) in overall survival based on
the determined cut-off value for LMR
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recurrence free survival
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Supplementary Figure 4. Subgroup analysis based on Newcastle-Ottawa Scale (NOS) regarding the predictive value of lymphocyte to
monocyte ration in recurrence free survival
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