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Background: The lymphocyte-monocyte ratio (LMR), a simple biomarker that can reflect the
antitumor immune response of the host, has been associated with patient prognosis in several
solid tumors. The aim of this study was to evaluate whether LMR can predict clinical tumor
response and prognosis in patients with locally advanced esophageal squamous cell carcinoma
(ESCC) who received definitive chemoradiotherapy (CRT).

Patients and methods: A total of 162 advanced ESCC patients treated at our institution
between January 2012 and December 2013 were retrospectively recruited for analysis. Patients
were treated with a platinum-based bimodal cytotoxic drug chemotherapy and concurrent
radiation therapy. The LMR was calculated from blood counts in samples collected prior to
treatment initiation. The predictive value of LMR for clinical tumor response and prognosis
was examined.

Results: The LMR before CRT was significantly higher in 48 patients who achieved clinical
complete response (CR) compared to that in patients who did not achieve clinical CR (4.89£1.17
vs 3.87£1.29, P<<0.001). Compared to their matched counterparts, patients in the high LMR
group (LMR >4.02) showed a good clinical tumor response (P<<0.05). A significant indepen-
dent association between a high pretreatment LMR and better outcomes was identified in a
multivariate analysis for progression-free survival (PFS; hazard ratio [HR]=2.17; P<<0.001)
and overall survival (OS; HR=2.02; P=0.002).

Conclusion: In ESCC patients, a high LMR before treatment, which indicates a robust host
immune system, is associated with both a good clinical tumor response after definitive CRT
and favorable prognosis.

Keywords: esophageal squamous cell carcinoma, lymphocyte—monocyte ratio, definitive

chemoradiotherapy, tumor response, prognosis

Introduction

Recent estimations rank esophageal cancer (EC) as the 6th leading cause of
cancer-related deaths worldwide.! The prognosis is extremely poor, with only a 21%
5-year overall survival (OS) rate and frequent local recurrence or distant metastases.’
The major pathological type of EC in East Asia is esophageal squamous cell car-
cinoma (ESCC), whereas adenocarcinoma is predominant in Western countries.!
More than 60% of newly diagnosed EC patients present either locally advanced or
metastatic disease.’ For these patients, a chemoradiotherapy (CRT)-based multidis-
ciplinary treatment may be the only approach to achieve a definitive cure instead
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of an esophagectomy. For patients undergoing definitive
CRT, 50.4 Gy is the accepted standard radiation dose based
on randomized data from Europe and North America.*?
Although radiation dose escalation has failed to improve
either local control or survival, a 60 Gy dose is more popular
in Asian countries where squamous cell carcinoma is the
predominant histological subtype.*” However, for patients
with local advanced ESCC, only a small percentage will
achieve a major or complete response (CR) after radiation
and chemotherapy.’”’

The tumor—node—metastasis (TNM) staging system
is thought to be an effective predictor in most prognostic
models.® However, the conventional TNM staging system
is unable to provide a precise prediction of prognosis in
clinical practice, which highlights the necessity of identifying
new parameters to complement the TNM stage and assist in
improving individualized treatment. Currently, it is widely
accepted that inflammatory cells, which are present in the
tumor microenvironment,”'" and the tumor immune response,
which is activated by ionizing radiation,'? significantly
affect tumor development. This tumor-generated inflam-
matory response may result in an increased propensity for
apoptosis, angiogenesis, and DNA damage by upregulating
cytokines and inflammatory mediators.!*"'* The lymphocyte—
monocyte ratio (LMR) is thought to reflect the degree of
systemic inflammation and has been touted as an important
prognostic indicator in non-small-cell lung cancer,'® pan-
creatic adenocarcinoma,'” melanoma,'® and nasopharyngeal
carcinoma.'” The prognostic value of LMR has expanded to
include some solid tumors based on a systematic review and
meta-analysis.?® All these findings focused on the predictive
value of LMR for long-term survival, but few studies com-
pared the LMR with therapy responsiveness, which is also
critical in determining clinical treatment methods. Therefore,
we conducted this study to explore the role of the LMR
before cancer treatment in predicting the tumor response
and outcomes of patients with locally advanced ESCC who
received definitive CRT.

Patients and methods

Patients

We retrospectively identified and analyzed the records of
ESCC patients treated with definitive CRT between January
2012 and December 2013 at the Shandong Cancer Hospital
and Institute. Patients were included if they had an Eastern
Cooperative Oncology Group (ECOG) performance status
between 0 and 2; histologically confirmed squamous cell
carcinoma of the esophagus; and fulfilled the following
criteria: 1) T3—4 stage (based on the 7th edition of the

American Joint Committee on Cancer [AJCC] guidelines)
as determined by either endoscopic ultrasonography (EUS)
and contrast-enhanced computed tomography (CT) or posi-
tron emission tomography (PET)-CT; 2) no distant node or
organ metastasis (MO0); 3) no bleeding, perforations, or other
uncontrolled medical comorbidities; 4) treated with defini-
tive CRT, all patients completed treatment plan; 5) adequate
hematological, liver, and renal function; and 6) without any
active infections or autoimmune diseases. This study was
approved by the medical ethics committee of Shandong
Cancer Hospital and Institute; all participants provided writ-
ten informed consent.

Treatment protocols

All the patients in this study received platinum-based bimodal
cytotoxic drug chemotherapy concurrent with radiation
therapy but without targeted therapy. All radiation treatments
were delivered as either 3D-CRT or intensity-modulated
radiation therapy (IMRT) with standard fractionation
(ie, 1.8/2.0 Gy fractions once daily for 5 days/week). Radia-
tion was delivered by high-energy (6 or 15 MV) linear accel-
erators. Patients were treated with a total dose of 50-64 Gy
administered over 25-32 fractions. Chemotherapy began on
Day 1 concurrent with the initial radiation treatments, and the
regimens included 2 cycles of 5-fluorouracil and cisplatin.
5-Fluorouracil (700 mg/m?) was administered intravenously
(iv) on Days 1-3, and cisplatin (25 mg/m?) was administered
by iv infusion in 500 mL of either normal saline or dextrose
on Days 1-3.

Blood sample analysis

All routine blood tests were performed within 1 week prior
to treatment initiation and were collected in tubes contain-
ing ethylenediaminetetraacetic acid (EDTA). The white
blood cell (WBC), neutrophil, platelet, lymphocyte, and
monocyte counts were extracted in a retrospective fashion
from the medical records. LMR was defined as dividing the
lymphocyte count by the monocyte count using pretreatment
blood test results.

Assessment of response and follow-up

Evaluation of the primary tumor response to treatment was
performed by using CT and esophagography 2—4 weeks
after completion of CRT. This assessment was based on
comparisons of the pre- and posttreatment imaging study
findings and was performed using Response Evaluation
Criteria in Solid Tumors (RECIST) criteria; patients were
classified in 1 of 4 response categories. A CR was defined
as no evidence of disease and tumor marker measurements
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within normal ranges for at least 2 weeks. Partial response
(PR) was defined as a decrease in the lesion as measured
bidimensionally by at least 30% with no signs of either new
lesions or progression of any existing lesions. Progressive
disease (PD) was defined as an increase of at least 20% in a
lesion as measured bidimensionally, the appearance of any
new lesions, or a previously eradicated lesion reappearing.
Stable disease (SD) was defined as a tumor response that did
not fulfill the PR criteria but exceeded the PD criteria.

Either a contrast-enhanced CT or a PET-CT scan was
performed to evaluate the tumor and node status every
3 months for the first 2 years and every 6 months thereafter
for all patients; also, an endoscopy and barium meal were
conducted every 6 months. The last follow-up date was
September 10, 2015.

Statistical analysis

Analyses were performed using the Statistical Package for
Social Science (SPSS, Version 22.0; SPSS Inc, Chicago,
IL, USA) program, and a 2-sided P-value <0.05 implied
statistical significance. The associations between the LMR
and clinicopathological parameters (ie, gender, age, drinking
history, smoking history, tumor location, clinical tumor stage
[cT] status clinical node stage [cN] status, tumor stage, and
tumor response) were assessed by using the chi-squared test.
Logistic regression model was used to determine the clinical
tumor response predictors. Progression-free survival (PFS)
was defined as the period from the date of therapy initiation to
the date of detected disease progression. Overall survival (OS)
was defined as the period from the date of therapy initiation
to either the date of an individual’s death due to any cause or
the date of the last follow-up. The association of each marker
with PFS and OS was analyzed using Kaplan—Meier plots
and the log-rank test, and the associated 95% Cls were cal-
culated. Multivariate analyses were conducted using the Cox
proportional hazards model with the variables with a P-value
of <0.05 in the univariate analysis and were constructed with
the backward stepwise method. All tests were two sided, and
P<0.05 was considered statistically significant.

Results

Patient characteristics

A total of 162 patients were enrolled in the study, including
127 (78.4%) males and 35 (21.6%) females, with a median
age of 63 years (range: 38—70 years). All the included
patients received definitive CRT, and most of the patients
received additional courses of chemotherapy ranging from
2 to 4 cycles. The median follow-up was 23.3 months
(range: 8-43.7 months). During this period, 113 (69.8%)

patients experienced progression, and 89 (54%) patients died.
Of the 162 tumor cases, 51 (31.5%) cases were located in
either the upper or middle esophagus, and 111 (68.5%) cases
were located in the lower region, including the gastroesopha-
geal junction (9, 5.6%); additionally, most of the patients
had stage III disease (129, 79.6%), whereas 33 (20.4%) had
stage II disease.

The median value of the pretreatment LMR was 4.02 (inter-
quartile range [IQR]: 1.77-3.11). We chose this as the cutoff
value for the LMR and categorized patients into the high or
low group; thus, 81 patients had a detected LMR less than or
equal to 4.02, and 81 patients had an LMR >4.02 (Table 1).

Relationship between the LMR and

clinicopathological characteristics

The relationship between the LMR and clinicopathological
characteristics is shown in Table 1. None of the clinicopatho-
logical characteristics (including gender, drinking history,
smoking history, tumor location, and node status) could

Table | Relationship between pretreatment LMR and clinico-
pathological parameters in patients with ESCC who received
definitive chemoradiotherapy

Clinicopathological Cases LMR =4.02 LMR >4.02 P-value

parameters (n=162)

Gender 1.000
Female 35 (21.6%) 18 17
Male 127 (78.4%) 63 64

Age, years 0.024
=60 63 (38.9%) 24 39
>60 99 (61.1%) 57 42

Drinking history 0.090
Ever 51 (31.5%) 31 20
Never 111 (68.5%) 50 6l

Smoking history 1.000
Ever 97 (59.9%) 49 48
Never 65 (40.1%) 32 33

Tumor location 0.735
Upper, mid 51 31.5%) 24 27
Lower, GE junction 111 (68.5%) 57 54

cT status 0.228
TI-3 114 (70.4%) 53 6l
T4 48 (29.6%) 28 20

cN status 0.176
NO 34 (21.0%) 13 21
NI1-3 128 (79.0%) 68 60

Tumor stage 0.018
Il 33 (204%) 10 23
11l 129 (79.6%) 71 58

Tumor response <0.001
CR 48 (29.6%) 12 36
Not CR 114 (70.4%) 69 45

Note: Bold values are significant (P<<0.05).

Abbreviations: CR, complete response; ESCC, esophageal squamous cell carci-
noma; GE, gastroesophageal; LMR, lymphocyte—-monocyte ratio; cT, clinical tumor
stage; cN, clinical node stage.
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predict significant differences between the high and low
LMR groups. However, an increased LMR was significantly
correlated with age (P=0.024), tumor stage (P=0.018), and
clinical tumor response (P<<0.001).

Univariate and multivariate analyses of

the clinical tumor response

As shown in Table 2, the number of patients in the CR and
non-CR group was 48 (29.6%) and 114 (70.4%), respectively.
Tumor-related parameters, including the cT status (P=0.053),
cN status (P=0.523), and tumor stage (P=0.279), showed no
significant differences between the CR and non-CR groups.
Among the hematological characteristics, there was a trend
of decreased neutrophil counts (P=0.187) and monocyte
counts (P=0.052) in the CR group, but these decreases
were not significant. Conversely, the platelet count level
(P=0.029) was often lower in the CR group. However, the
lymphocyte count (P=0.018), the percentage of lymphocytes
in the WBC count (P=0.004), and the LMR (P<0.001)
were significantly higher in the CR group compared with
the values in the non-CR group. According to the RECIST
criteria, there were 12 (12/81) patients with CR in the low
LMR group vs 36 (36/81) patients with CR in the high LMR
group (P<<0.001).

Only the significant variables from the univariate analysis
(platelet count, lymphocyte count, the percentage of lympho-
cytes, and the LMR) were included in the subsequent mul-
tivariate logistic regression models (Table 3). Considering

Table 2 Univariate and multivariate analyses for tumor response
(CR and non-CR)

Parameters Tumor response Univariate
analysis
CR Non-CR P-value
(n=48) (n=114)
cT status 0.053
TI1-3 39 75
T4 9 39
cN status 0.523
NO 8 24
NI-3 40 90
Tumor stage 0.279
Il 12 20
1l 36 94
Neutrophils (x10°/L) 3.97£1.27 4.30+1.52 0.187
Platelets (x10°/L) 207.75+55.34  230.21+£59.42  0.029
Monocytes (x107/L) 0.4610.17 0.52+0.200 0.052
Lymphocytes (x10°/L) 2.00+0.84 1.69+0.58 0.018
%Lymphocytes in WBC  29.83%+8.43% 26.01%1+6.95% 0.004
LMR 4.89+1.17 3.87£1.29 <0.001

Note: Bold values are significant (P<<0.05).
Abbreviations: CR, complete response; cT, clinical tumor stage; cN, clinical node
stage; LMR, lymphocyte-monocyte ratio; WBC, white blood cell.

Table 3 Multivariate analysis for tumor response (CR and
non-CR)

Model |
HR (95% CI)

Model 2
HR (95% CI)

Parameters

P-value P-value

Platelets 1.0l (1.00-1.02) 0.051 1.01 (1.00-1.01) 0.160
Lymphocytes  0.59 (0.31-1.13) 0.112 - -
%Lymphocytes — - 0.97 (0.92-1.03) 0.327
in WBC

LMR 0.63 (0.46-0.87) 0.006  0.60 (0.43-0.82) 0.002

Note: Bold values are significant (P<<0.05).
Abbreviations: CR, complete response; HR, hazard ratio; LMR, lymphocyte—
monocyete ratio; WBC, white blood cell.

the multicollinearity between the lymphocyte count and the
percentage of lymphocytes, two different models were used
(Table 3). Among the included variables in both models,
only an elevated LMR was a significant prognostic factor
for a good clinical tumor response (P<<0.05).

Prognostic variables for PFS and OS

The median PFS was 11.6 months, and the median OS was
23.3 months. As shown in Figure 1, the Kaplan—Meier curves
for PFS and OS revealed that, compared to patients in the low
LMR group, patients in the high LMR group had a longer PFS
(P<<0.001, Figure 1A) and OS (P<<0.001, Figure 1B).

In the univariate analysis, in addition to LMR, the c¢T
stage status (PFS, P<<0.001; OS, P=0.006), tumor stage (PFS,
P=0.013; OS, P=0.017), and clinical tumor response (PFS,
P<0.001; OS, P<<0.001) were also significantly associated
with PFS and OS (Table 4).

A multivariate Cox proportional hazards model was used
to assess independent prognostic factors. In the multivariate
analysis, the cT status (P=0.007, hazard ratio [HR]=0.58; 95%
CI: 0.39-0.86), clinical tumor response (P=0.004, HR=0.51;
95% CI: 0.32-0.81), and LMR (P<0.001, HR=2.17; 95%
CI: 1.46-3.23) remained as significant prognostic indicators
of PFS, whereas the tumor stage (P=0.041, HR=0.52; 95%
CI: 0.28-0.97), clinical tumor response (P=0.016, HR=0.52;
95% CI: 0.31-0.88), and LMR (P=0.002, HR=2.02; 95% CI:
1.29-3.18) had a significant relationship with OS (Table 5).
Overall, a good clinical tumor response and high LMR were
favorable independent predictive factors for PFS and OS
(all P<0.05).

Discussion

In this study, we retrospectively analyzed a consecutive
cohort of ESCC patients who underwent definitive CRT and
found that an elevated pretreatment LMR predicts not only a
good clinical tumor response but also a lower risk of recur-
rence and cancer-related death. To the best of our knowledge,
there are few studies that have focused on the role of the
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Figure | Kaplan—Meier curves for patients with low and high LMR.
Notes: (A) Kaplan—Meier curves for PFS and (B) Kaplan-Meier curves for OS.
Abbreviation: LMR, lymphocyte-monocyte ratio.

pretreatment LMR in predicting outcomes of ESCC patients,
especially those who underwent definitive CRT.
Accumulating evidence has demonstrated a strong link
between system inflammation and cancer; the peripheral
inflammatory cells, including neutrophils, lymphocytes, and
monocytes represented significant markers of systematic
inflammatory response. Lymphocytes can not only suppress
tumor cell proliferation and migration*' but also eliminate
residual tumor cell and micrometastases.?> Lymphocytes
play an important role in promoting antitumor immunity;
lymphopenia might weaken the efficacy of the immune
system. In this study, we observed that a high count (P=0.018)

Table 4 Univariate analysis of factors associated with PFS and OS

and percentage (P=0.004) of circulating lymphocytes were
associated with a good clinical tumor response, which is
consistent with the results of other studies.*?* Kitayama
et al® found that patients with locally advanced rectal
cancer who had high circulating lymphocyte percentages
before radiotherapy (RT) showed better clinical response to
RT than their matched counterparts with lower circulating
lymphocyte percentages. Thus, a relatively high number or
percentage of circulating lymphocytes might indicate a more
robust antitumor immune response.

Different from the role of lymphocytes, tumor-associated
macrophages (TAMs) exert a protumorigenic effect by

Parameter PFS os

HR (95% CI) P-value HR (95% CI) P-value
Gender (female/male) 1.20 (0.16-0.21) 0.347 1.83 (0.22-0.30) 0.264
Age (=60/>60) 1.76 (0.15-0.22) 0.333 1.61 (0.26-0.32) 0.818
Drinking history (ever/never) 1.31 (0.57-0.74) 0.701 1.53 (0.29-0.41) 0.816
Smoking history (ever/never) 1.34 (0.16-0.21) 0.698 1.21 (0.26-0.31) 0.548
Tumor location (upper, mid/low, GE) 1.35 (0.68-1.57) 0.867 1.42 (0.28-0.35) 0.596
cT status (T1-3/T4) 1.33 (0.17-0.22) <0.001 1.21 (0.28-0.33) 0.006
cN status (negative/positive) 2.03 (0.15-0.22) 0.730 2.26 (0.25-0.34) 0.873
Tumor stage (Il Il 2.27 (0.19-0.28) 0.013 2.20 (0.29-0.38) 0.017
Response (CR/not CR) 1.98 (0.21-0.29) <0.001 1.59 (0.30-0.37) <0.001
LMR (=4.02/>4.02) 1.21 (0.10-0.15) <0.001 1.25 (0.22-0.27) <0.001

Note: Bold values are significant (P<<0.05).

Abbreviations: CR, complete response; cT, clinical tumor stage; cN, clinical node stage; GE, gastroesophageal; HR, hazard ratio; LMR, lymphocyte—monocyte ratio; PFS,

progress-free survival; OS, overall survival.

OncoTargets and Therapy 2017:10

submit your manuscript

875

Dove


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

Liu et al

Dove

Table 5 Multivariate analysis of factors associated with PFS
and OS

Parameters PFS oS
HR (95% Cl)  P-value HR (95% Cl)  P-value
T status 0.58 (0.39-0.86) 0.007 0.70 (0.44-1.12) 0.137

Tumor stage 0.70 (0.41-1.21) 0.200
Tumor response 0.51 (0.32-0.81) 0.004
LMR 2.17 (1.46-3.23) <0.001

052 (0.28-0.97) 0.041
0.52 (0.31-0.88) 0.016
2.02 (1.29-3.18) 0.002

Note: Bold values are significant (P<<0.05).
Abbreviations: cT, clinical tumor stage; HR, hazard ratio; LMR, lymphocyte—
monocyete ratio; PFS, progress-free survival; OS, overall survival.

accelerating tumor progression via secretion of growth
factors and cytokines such as tissue-type plasminogen
activator (t-PA), platelet-derived growth factor (PDGF),
interleukin (IL)-6, and several matrix metalloproteinases
(MMPs), all of which promote tumor angiogenesis and
reduced immunosurveillance.”* TAMs originating from
circulating monocytes are stimulated by the tumor-derived
chemotactic factors and are recruited to the tumor site.?’
Thus, circulating monocytes could substitute for TAMs in
peripheral blood to reflect tumor burden. Koh et al*® reported
a significant positive correlation between the TAMs and
monocyte percentages in peripheral blood and a negative
correlation between the TAM count and LMR. We discov-
ered that circulating monocyte counts were associated with
tumor response, albeit not significantly (P=0.052); this was
similar to the results of a previous study.?

Because the LMR is indicative of the relationship between
antitumor and protumor immune activities, it is reasonable to
speculate that an elevated LMR can be interpreted to mean
that lymphocyte-mediated antitumor immune activities are
stronger than monocyte-mediated protumor immune activi-
ties, which favors a better clinical tumor response. Go et al*
analyzed data from 171 patients with small-cell lung cancer
and found that the ratio (98.3%) of the response (CR or PR)
was higher in the high LMR group than the low LMR group
(P=0.02). In our study, we observed similar results: there were
more CR patients in the high LMR group (36/48, P<<0.001),
and the LMR value was higher in the CR group than that in the
non-CR group (4.89£1.17 vs 3.87£1.29, P<<0.001), which sup-
ports the correlation between elevated LMR and better tumor
response in ESCC patients who received definitive CRT.

With regard to recurrence and survival, Nishijima et al
performed a meta-analysis of 29 studies of solid tumors
and showed that the HR of low preoperative LMR was 1.73
(95% CI: 1.55-1.93; P<<0.001) for OS and 1.56 (95% CI:
1.31-1.86; P<<0.001) for DFS.* There was also a study
that focused on the correlation between LMR and survival
in ESCC patients.’! The author included 218 patients

who had pathologically confirmed ESCC and underwent
radical surgery. The author reported that patients with an
LMR =2.57 had shorter DFS and OS than patients with an
LMR >2.57. However, Huang and Feng?*? inferred that only
S-year cancer-specific survival was associated with LMR.
Notably, both reports focused on patients who underwent
esophagectomy without considering patients who underwent
definitive CRT. In this study, in patients with an LMR =4.02,
the median PFS and OS were 9.3 months and 19.7 months,
respectively; in patients whose LMR >4.02, the values were
16.6 months and 27.6 months, respectively. The results of this
study demonstrated that an elevated LMR independently pre-
dicted PFS (P<<0.001) and OS (P=0.002) in locally advanced
ESCC patients who received definitive CRT.

The major limitations of our study are the retrospective
analysis, single-center design, and small sample size. In addi-
tion, there are other drawbacks to this study. First, we chose
the median value of the LMR as the cutoff value to investigate
whether any trends existed. Although this approach may mini-
mize a false-positive result, it is unclear whether a different
cutoff value or threshold would serve as a better predictor
of tumor recurrence and survival in ESCC patients. Second,
the TNM stage of the patients is only the clinical stage, and
although we used EUS and contrast-enhanced CT to deter-
mine the staging, these approaches may restrict the ability to
evaluate the prognosis of ESCC compared with that of patho-
logical staging. The same problem also exists in assessing
the tumor response by using RECIST criteria. However, it is
highly difficult to obtain pathological information for nonop-
erable patients. Therefore, additional large-scale, multicenter
prospective trials are needed to confirm the reproducibility
of these results in a heterogeneous population.

Conclusion

An elevated pretreatment LMR indicates a good clinical
tumor response for patients with locally advanced ESCC who
received definitive CRT; furthermore, this parameter is also
considered an indicator to predict a low risk of recurrence
and improved survival. The abovementioned findings may
aid clinicians to identify patients who are more susceptible
to recurrence and more sensitive to CRT such that they can
receive more aggressive treatment.
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