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Prognostic significance of lymphocyte monocyte
ratio in patients with ovarian cancer
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Abstract \
Background: This study aimed to systematically assess the prognostic value of lymphocyte monocyte ratio (LMR) in patients with |
ovarian cancer through performing a meta-analysis.

Methods: \Web of Science, PubMed, EMBASE, Cochrane Library, and China National Knowledge Infrastructure databases were
searched for potentially eligible studies. The baseline characteristics and relevant data were extracted. Hazard ratios with 95%
confidence intervals (Cls) were combined to assess the prognostic value of LMR in patients with ovarian cancer.

Results: Nine studies enrolling 2809 patients were included. The pooled hazard ratios of lower LMR for overall survival and
progression free survival in patients with ovarian cancer were 1.71 (95% Cl, 1.40-2.09) and 1.68 (95% ClI, 1.49-1.88), respectively.
Subgroup analysis and sensitivity analysis were also performed. No significant publication bias was found.

Conclusion: Our results suggested that lower LMR was associated with poorer overall survival and progression free survival in
patients with ovarian cancer. The findings may assist prognosis evaluation and future research on therapies based on modulating
host immune response in ovarian cancer.

Abbreviations: Cl = confidence interval, EOC = epithelial ovarian cancer, HR = hazard ratio, LMR = lymphocyte monocyte ratio,
NOS = Newcastle—Ottawa scale, OC = ovarian cancer, OCCC = ovarian clear cell carcinoma, OS = overall survival, PFS =

progression free survival.

Keywords: lymphocyte monocyte ratio, ovarian cancer, prognosis, survival

1. Introduction

Ovarian cancer (OC) is the most lethal gynecologic cancer and a
leading cause of cancer-related death in women.!"* In 2018, the
estimated new OC cases and deaths worldwide were 295,414 and
184,799, respectively.”?! Since the patients in early-stage are
usually asymptomatic and the symptoms in late stage are
nonspecific, most patients are diagnosed at an advanced stage.!!
The primary treatment for OC patients was cytoreductive surgery
followed by adjuvant chemotherapy.'! Although the survival
period has significantly prolonged in recent years, the 5-year
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survival rate is still less than 40% in advanced OC patients.'*!

Several prognostic factors for OC have been suggested, such as,
age, histology, and Federation International of Gynecology and
Obstetrics stage.!®! However, given the poor prognosis of OC, it
is worthwhile to find new accurate biomarkers for the prognosis
and management of OC.

In recent years, accumulating evidence suggested that
inflammation played an important role in cancer growth and
metastasis, and had a prognostic significance in a variety of
cancers.”""1 Some inflammatory biomarkers in peripheral
blood, such as neutrophil count, lymphocyte count, platelet
lymphocyte ratio, neutrophil lymphocyte ratio, and lymphocyte
monocyte ratio (LMR) have been proposed to predict cancer
outcome.'"™3 LMR has been shown to be related to the
prognosis of various cancers, such as hepatocellular carcino-
ma," esophageal squamous cell carcinoma,™! Hodgkin
lymphoma,!*®! urothelial cancers.'”! In recent years, many
researchers have studied the prognostic value of LMR in patients
with OC. However, the conclusions were controversial. Some
researchers found that lower LMR was correlated to poorer
survival in OC.>1811 Some researchers concluded that LMR
could not be an independent predictor in OC.[*%! Therefore, this
meta-analysis aimed to systematically assess the prognostic value
of LMR in patients with OC.

2. Methods
2.1. Search strategy

Since this study was a meta-analysis, ethical approval was
waived. We performed this meta-analysis according to the
developed guidelines for meta-analyses.?") Web of Science,
PubMed, EMBASE, Cochrane Library, and China National
Knowledge Infrastructure databases were searched for potential-
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ly eligible studies (the last search was run on May 30th, 2019).
The searching keywords included: “ovarian neoplasms” AND
(“lymphocyte monocyte ratio” OR “LMR”) AND (“prognosis”
OR “survival” OR “outcome” OR “mortality”). The reference
lists of relevant articles were also searched for additional records.
Languages were restricted to English and Chinese.

2.2. Study selection

The study selection process was independently performed by 2
authors, with any disagreements resolved by discussion. The titles
and abstracts of the studies were screened first. Then the rest
studies were reviewed in full text. The inclusion criteria included:

(1) the patients were diagnosed with any type of OC by
pathological examination;

(2) the routine blood tests of the patients were measured and
LMR was calculated;

(3) patients were followed up for survival outcomes;

(4) enough data was reported to evaluate the prognostic role of
LMR in patients with OC.

Conference abstracts, letters, case reports, reviews, unrelated
articles, and studies without enough data were excluded. If
multiple studies were performed in the same institute and the
patients overlapped, the study with the largest sample size and
longest follow-up time was included.

2.3. Data extraction

Data of the included studies were independently extracted by 2
authors, with any disagreements resolved by consensus. The
primary data included hazard ratio (HR) for overall survival
(OS)/progression free survival (PFS) with 95% confidence
interval (CI), or survival curves which could be used to calculate
the HR and 95% CI. HR with 95% CI calculated from
multivariate analyses were extracted over those from univariate
analyses. The basic characteristics of the patients and studies
included first author, year of publication, country of origin,
cancer type, number of samples, number of samples in stage I/II
and III/IV, median or mean age of patients, ethnicity of patients,
and the cut-off value of LMR.

2.4. Study quality assessment

The quality of each study was assessed by the Newcastle-Ottawa
scale (NOS),**! which assessed the study population, compara-
bility, and outcome. The NOS scores ranged from 0 to 9, with
7 to 9 points indicating high-quality studies.

2.5. Statistical analysis

Log HR and variance calculated from the HR and 95% CI were
used for aggregation. Forest plots were outlined to assess the
prognostic value of LMR in patients with OC. The pooled HR
was regarded statistically significant if the95% CI did not overlap
1 and the P-value was less than .05. Heterogeneity between the
studies was evaluated, and P<.10 or I*>350% indicates
significant heterogeneity. Random effect models were used in
combining the date no matter significant heterogeneity exited or
not, since the heterogeneity between studies was expected due to
the different characteristics of patients and studies. When
heterogeneity was present, sensitivity analysis was performed
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to evaluate the contribution of each study to heterogeneity by
excluding each study at a time. Subgroup analyses were also
performed according to cancer type, cancer stage, ethnicity of
patients, and the cut-off value of LMR. Publication bias was
evaluated by Begg test and P < .05 indicates significant publica-
tion bias. All the above statistical analyses were performed by
STATA 11.0 (STATA Corporation, College Station, TX).

3. Results

3.1. Literature research

The initial database searching retrieved 155 studies. No
additional records were identified from other sources. Among
the records, 23 were duplicated and were removed. The rest 132
studies were evaluated by titles and abstracts, and 106 records
were excluded according to the above inclusion and exclusion
criteria. The remaining 26 articles were assessed in full text and
17 studies were excluded due to unrelated, lacking data or other
reasons. Finally, 9 studies!>®18-20-23-261 fi¢ the inclusion criteria
and were included in this meta-analysis. The study selection
process was shown in Figure 1.

3.2. Study characteristics

The baseline characteristics of the included studies were shown
in Table 1. The studies were published in the latest 3 years and
were conducted in 3 different countries. The cancer type included
ovarian clear cell carcinoma (OCCC), epithelial ovarian cancer
(EOC) and OC. A total of 2809 patients were investigated, with
634 in stage I/Il and 2175 in stage III/IV. The mean or median
ages were more than 50 years. Eight studies investigated Asian
patients and 1 study investigated Caucasian patients. The cut-off
values of LMR varied from 1.85 to 4.35. The survival outcomes
included OS and PFS. As to the NOS score, 4 scored 8, 4 score 7
and 1 scored 6.

3.3. Overall analysis

All the 9 studies examined the association between LMR level and
OS. The combined HR of lower LMR for OS was 1.71 (95% CI,
1.40-2.09) (Fig. 2A). Significant heterogeneity between the studies
was observed (I?=69.8%, P=.001). Sensitivity analysis was
performed, and the heterogeneities were still above 50% when
excluding each study at a time. After excluding the study by Tang
et al,""! the heterogeneity dropped to the lowest value of 51.9% and
the combined HR remained significant (1.54, 95% CI, 1.32-1.81).
Five of the 9 studies examined the association between LMR
level and PES. The combined HR of lower LMR for PFS was 1.68
(95% CI, 1.49-1.88) (Fig. 2B). No significant heterogeneity
between the studies was observed (I>=0.2%, P=.405).

3.4. Subgroup analysis
3.4.1. Cancer type. Among the 9 studies, 7 examined EOC, 1

examined OCCC, and 1 examined OC. The pooled HR of lower
LMR for OS in EOC was 1.66 (95% CI, 1.35-2.05). The HRs of
lower LMR for OS in OCCC and OC were 2.66 (95% CI, 0.89—
8.93) and 2.54 (95% CI, 1.06-6.11), respectively.

For PFS, 4 studies examined EOC and 1 examined OCCC. The
pooled HR of lower LMR for PFS in EOC was 1.68 (95% CI,
1.44-1.95). The HR of lower LMR for PFS in OCCC was 1.25
(95% CI, 0.69-3.72).
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Figure 1. Selection process of studies.

3.4.2. Cancer stage. The patients in stage III/TV accounted for
more than 75% in 4 studies (defined as high grade group), and
less than 75% in 5 studies (defined as low grade group). The
pooled HRs of lower LMR for OS in high grade group and low
grade group were 1.49 (95% CI, 1.18-1.88) and 2.17 (95% CI,
1.45-3.25), respectively.

For PFS, 2 studies were in the high grade group and
3 studies were in the low grade group. The pooled HRs of lower

LMR for PFS in high grade group and low grade group were 1.64
(95% CI, 1.41-1.92) and 1.78 (95% CI, 1.15-2.74), respectively.

3.4.3. Ethnicity of patients. Among the 9 studies, 8 investigated
Asian patients and 1 investigated Caucasian patients. The pooled
HR of lower LMR for OS in Asian patients was 1.82 (95% CI,
1.51-2.18). The HR of lower LMR for OS in Caucasian patients
was 1.13 (95% CI, 0.92-1.38).

Characteristics of the included studies.

Author  Year Country  Cancer type  Samples  Stage I/Il Stage lIl/IV Age, yr Ethnicity Cut-off value  Outcome  NOS score
Kwon 2018 Korea 0CCC 109 64 45 Median 50 Asian 4.2 0S PFS 8
Tang 2017 China EOC 214 99 115 Mean 52.2 Asian 3.85 0S 7
Zhu 2017 China EOC 672 0 672 Median 55 Asian 3.45 0S PFS 8
Yang 2017 China EOC 364 52 312 Mean 54 Asian 3.84 0S PFS 8
Xiang 2017 China 0C 133 64 69 Mean 53.3 Asian 4.35 0S 6
Li 2017 USA EOC 654 121 533 Mean 63 Caucasian 2.22 0S 8
Wang 2016 China EOC 240 59 181 Mean 56.1 Asian 3.949 0S 7
Sun 2016 China EOC 189 78 111 Median 55 Asian 1.85 0S PFS 7
Eo 2016 Korea EOC 234 97 137 Median 54 Asian 2.07 0S PFS 7

EOC =epithelial ovarian cancer, NOS =Newcastle—Ottawa scale, OC=ovarian cancer, OCCC = ovarian clear cell carcinoma, 0S=overall survival, PFS=progression free survival.
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Study %
D ES (95% CI) Weight
Kwon (2018) > 2.65 (0.84, 8.41) 2.60
Tang (2017) —— 3.36 (2.14, 5.28) 9.90
Zhu (2017) - 1.63 (1.39, 1.90) 17.81
Yang (2017) —i- 1.42 (1.08, 1.87) 14.49
Xiang (2017) —————=———  254(1.06,6.11) 4.1
Li (2017) - 1.13 (0.92, 1.38) 16.59
Wang (2016) — 2.16 (1.41, 3.34) 10.31
Sun (2016) = 1.51 (1.24, 1.85) 16.63
Eo (2016) — 1.89 (1.07, 3.35) 7.55
Overall (l-squared = 69.8%, p = 0.001) «:’:} 1.71 (1.40, 2.09) 100.00
NOTE: Weights are from random effects analysis
T T
119 8.41
Study %
ID ES (95% ClI) Weight
Kwon (2018) 1.25(0.54,2.91)  1.89
Zhu (2017) = 1.72 (1.50, 1.97)  73.36
Yang (2017) —— 1.44 (1.09,1.90) 17.32
Sun (2016) - 1.43 (0.73, 2.79) 3.00
Eo (2016) —————%————— 250(1.44,4.33) 444
A
Overall (I-squared = 0.2%, p = 0.405) < 1.68(1.49,1.88)  100.00

NOTE: Weights are from random effects analysis

\y/

231

4.33

Figure 2. Pooled HR of lower LMR for OS (A) and PFS (B) in patients with ovarian cancer. HR = hazard ratio, LMR = lymphocyte monocyte ratio, OS = overall
survival, PFS = progression free survival.

3.4.4. Cut-off value of LMR. The cut-off value was more than 3
in 6 studies (>3 group) and less than 3 in 3 studies (<3 group).
The pooled HRs of lower LMR for OS in >3 group and <3 group
were 1.98 (95% CI, 1.51-2.58) and 1.38 (95% CI, 1.06-1.80),

respectively.

For PFS, 3 studies were in the >3 group and 2 studies were in
the <3 group. The pooled HRs of lower LMR for PFS in >3
group and <3 group were 1.65 (95% CI, 1.47-1.87) and 1.96
(95% CI, 1.14-3.37), respectively.

All the meta-analyses results were summarized in Table 2.
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Summary of meta-analysis results.

Data sets Pooled HR (95% Cl) P-value Heterogeneity (7, P Conclusion
0S
Total 9 1.71 (1.40-2.09) <.001 69.8%, .001 positive
EOC 7 1.66 (1.35-2.05) <.001 75.4%, <.001 positive
0CCC 1 2.66 (0.89-8.93) - - negative
0C 1 2.54 (1.06-6.11) - - positive
stage IV >0.75 4 1.49 (1.18-1.88) .001 73.5%, .010 positive
stage IV <0.75 5 217 (1.45-3.25) <.001 64.9%, .023 positive
Asian 8 1.82 (1.561-2.18) <.001 52.6%, .039 positive
Caucasian 1 1.13 (0.92-1.38) - - negative
Cut-off value >3 6 1.98 (1.51-2.58) <.001 62.4%, .021 positive
Cut-off value <3 3 1.38 (1.06-1.80) 015 64.1%, .062 positive
PFS
Total 5 1.68 (1.49-1.88) <.001 0.2%, .405 positive
EOC 4 1.68 (1.44-1.95) <.001 15.1%, .317 positive
0CCC 1 1.25 (0.69-3.72) - - negative
stage IV >0.75 2 1.64 (1.41-1.92) <.001 22.0%, .258 positive
stage IV <0.75 3 1.78 (1.15-2.74) .009 21.2%, .281 positive
Cut-off value >3 3 1.65 (1.47-1.87) <.001 0.0%, .425 positive
Cut-off value <3 2 1.96 (1.14-3.37) .015 37.3%, .207 positive

Cl=confidence interval, EOC=epithelial ovarian cancer, HR=hazard ratio, OC=ovarian cancer, OCCC=ovarian clear cell carcinoma, OS=overall survival, PFS=progression free survival.

3.5. Publication bias

No significant publication bias was observed in this meta-
analysis. The Begg plots of publication bias of the 9 studies for OS
(P=.348) and 5 studies for PFS (P=.806) were shown in
Figure 3A and B.

4. Discussion

This study aimed to assess the prognostic significance of LMR in
patients with OC. A meta-analysis was conducted to summarize
the present evidence. A total of 9 studies were included. The
results suggested that lower LMR was associated with poorer OS
and PFS in patients with OC.

Subgroup analyses were conducted to further explore the value
of LMR in patients with OC. As to different cancer types, lower
LMR was found to be associated with worse OS in patients with
EOC and OC, and associated with worse PFS in patients with
EOC. However, LMR was not significantly associated with OS or
PFS in patients with OCCC. The results may suggest that the
prognostic role of LMR differs among different cancer types. But
the difference may also be attributed to the limited number of
studies in each subgroup, since only 1 study examined the
prognostic role of LMR in OCCC."*°! As to cancer stage, the HRs
for OS and PFS in the low grade group were both slightly higher
than that in the high grade group. These results suggested that
LMR may better predict OS or PES in low grade OC. As to the
ethnicity of patients, we found that lower LMR was associated
with poorer OS in Asian patients, but not in Caucasian patients.
This difference may also be due to that only 1 study examined the
prognostic role of LMR in Caucasian patients. As to the cut-off
value of LMR, the pooled HR for OS was higher in the >3 group,
but the pooled HR for PFS was slightly higher in the <3 group.
Due to the limited number of studies in each subgroup, more
studies are needed to determine the best cut-off value of LMR.

The link between inflammation and cancer has been verified
previously.?”! It has been found that inflammatory cells and

cytokines in tumors could contribute to tumor development,
progression, and immunosuppression.[27’28] In recent years,
accumulating evidence suggested that systemic inflammatory
response played an important role in the prognosis of cancer.
Many hematological biomarkers reflecting systemic inflammato-
ry response has been suggested as independent prognostic
biomarkers, such as, PLR, NLR, and LMR.!'1713]

Besides, absolute lymphocyte count and absolute monocyte
count has also been found to be associated with the prognosis of
many solid tumors.*®! Lymphocytes reflect the anti-tumor
immune response, and lead to cytotoxic cell death and inhibit
cancer cell growth and progression.?”! Tumor-infiltrating
lymphocytes in the tumor microenvironments were found to
be independent prognostic biomarkers of OC.1*%! CD3+ and CD8
+ tumor-infiltrating lymphocytes were associated with better OS
and PFS in OC."*®! On the other hand, more monocytes were
correlated with worse survival in different cancer types, since
monocytes in the tumor microenvironments could differentiate
into tumor-associated macrophages and promote tumor growth
and metastasis.*!! Taken together, more lymphocyte and less
monocyte within the tumor microenvironments both predict
improved survival in cancers, thus supporting our findings that
lower LMR was associated with poorer survival in patients with
OC. LMR is cheap and readily accessible, and could serve as a
promising prognostic tool in clinical work. Our results also
suggest future research on therapies based on modulating host
immune response in OC.

There are some limitations in this meta-analysis. First, the
number of included studies was limited, and the number of
studies was smaller in the subgroups. Therefore, the results,
especially the difference in the subgroup analyses, should be
interpreted with caution and more studies are warranted. Second,
the baseline characteristics of the patients and studies were
different among the studies, such as cancer type, cancer stage,
ethnicity, and cut-off values of LMR. Thus, we performed
subgroup analyses according to these characteristics. However,
due to the clinical and statistical heterogeneity between the


http://www.md-journal.com

Cai et al. Medicine (2020) 99:14

Medicine

Begg's funnel plot with pseudo 95% confidence limits

vari
o
d

s.e. of: vari

Begg's funnel plot with pseudo 95% confidence limits

vari
3
|

2
s.e. of: var1

Figure 3. The Begg plots of publication bias of the studies for OS (A) and PFS (B). S = overall survival, PFS = progression free survival.

studies, more studies are still needed in the future. Furthermore,
significant heterogeneity between the studies was observed when
pooling the HRs for OS. Sensitivity analysis identified that the
study by Tang et al contributed greatly to heterogeneity. After
excluding that study, the combined HR for OS remained
significant. Besides, no significant publication bias was found
in this study, but publication bias should not be excluded
completely.

In conclusion, our results suggested that lower LMR was
associated with poorer OS and PES in patients with OC. The
findings may assist prognosis evaluation and future research on
therapies based on modulating host immune response in OC.
However, much more studies are warranted to verify our results,
to determine the optimal cut-off value for LMR, and to examine

the study methods to determine if manipulation of the LMR can
affect the survival outcome.
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