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Pretreatment Lymphocyte to Monocyte Ratio as a
Prognostic Marker for Advanced Pulmonary Squamous Cell
Carcinoma Treated With Chemotherapy
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Abstract

Background: Lower lymphocyte to monocyte ratio (LMR), higher
neutrophil to lymphocyte ratio (NLR) and modified Glasgow prog-
nostic score (mGPS) 2 have been demonstrated as independent prog-
nostic markers for poor prognosis of advanced non-small cell lung
cancer (NSCLC). However, little is known about these three markers
as prognostic markers for a specific histological subset of NSCLC,
squamous cell carcinoma (SCC). This study aimed to evaluate the
prognostic significance of LMR, NLR and mGPS for advanced SCC.

Methods: We retrospectively collected 107 patients who met the fol-
lowing criteria: pathologically confirmed SCC, chemo-naive patients
who had initiated first-line cytotoxic chemotherapy between Septem-
ber 2007 and February 2017 at our institution, and c-stage I1IB, IV or
recurrence after curative-intent surgery or thoracic radiotherapy. In
order to demonstrate these three markers as significant prognostic fac-
tors, we compared overall survival (OS) between two groups divided
by LMR, NLR and mGPS 0 - 1 versus 2, and performed univariate
and multivariate Cox proportional hazard analyses.

Results: Groups with low LMR (< 2.07) and high NLR (> 5.28) ex-
perienced shorter OS (LMR: 6.5 versus 15.6 months in median, P <
0.01; NLR: 8.2 versus 15.6 months, P < 0.01) than groups with high
LMR (> 2.07) and low NLR (< 5.28). However, no significant dif-
ference was detected in OS between mGPS 0 - 1 and 2 (13.0 versus
13.7 months, P = 0.61). As significant poor prognostic factors, our
multivariate Cox hazard analysis detected ECOG PS 2 - 4 (hazard ra-
tion (HR): 3.09, 95% confidence interval (CI): 1.77 - 5.40; P < 0.01)
and LMR <2.07 (HR: 0.39, 95% CI: 0.21 - 0.79; P < 0.01). However,
NLR was not selected in the multivariate analysis.

Conclusion: LMR is an independent prognostic factor for advanced
pulmonary SCC. Neither NLR nor mGPS is useful as prognostic fac-
tor for this histology. The optimal prognostic markers may differ from
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Introduction

Squamous cell carcinoma (SCC) accounted for 30.3% in males
and 13.0% in females of all lung cancer cases during 2005 -
2008 in Osaka, Japan [1]. Proportion of this histology in lung
cancer was similar in the USA, approximately 30% in men and
20% in women in 2010 [2]. Incidence rate of SCC has gradu-
ally declined in both Japan and the USA [1, 2].

SCC had not been favored by development of break-
through drugs until immune-checkpoint inhibitors (ICIs)
recently became available. In contrast, non-squamous non-
small cell Iung cancer (NSCLC) enjoyed some successful
opportunities for various tyrosine kinase inhibitors according
to genetic information, pemetrexed maintenance therapy and
angiogenesis inhibitors. Nowadays, chemotherapeutic strat-
egies vary depending on histological subtypes. For patients
with advanced SCC, conventional cytotoxic chemotherapy
still play an important role. For untreated patients with tumor
proportion score of PD-L1 expression < 50%, platinum-based
combination is still recommended as the standard first-line
regimen.

Besides pathological factors, host-related factors, particu-
larly the systemic inflammatory response (SIR), contribute to
development and progression of tumors [3-5]. Inflammatory
cells such as macrophage, neutrophil, monocyte, lymphocyte
and other cells play a vital role in the tumor microenviron-
ment. There is now a considerable body of evidence of the
prognostic significance of various SIR-based scoring systems.
These evidences include SIR-based markers using C-reactive
protein (CRP), serum albumin concentration, white blood cell
differentiation and count. Both lymphocyte to monocyte ra-
tio (LMR) and neutrophil to lymphocyte ratio (NLR) are well
known as circulating blood cell-based markers. Neutrophils
and monocytes promote tumor development by means of vari-
ous mechanisms [6, 7], while lymphocytes regress cancer cells.
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Furthermore, elevated NLR and low LMR reflect the extent of
tumor progression. On the other hand, concentration of serum
albumin, the main plasma protein, indicates the nutritional sta-
tus of the patient. Thus, modified Glasgow prognostic score
(mGPS) categorizes patients into three classes based on CRP
and serum albumin concentration. This score reflects not only
host-related SIR status but also nutritional status. In various
types of cancers, including advanced NSCLC, higher NLR [8-
10], lower LMR [11, 12] and Glasgow prognostic score (GPS)
class 2 [13, 14] are independent prognostic markers for shorter
survival. Our previous studies also demonstrated that NLR for
NSCLC with active EGFR mutation [15], LMR and mGPS for
adenocarcinoma without any driver mutation, and mGPS for
small cell lung carcinoma [16] were significant prognostic fac-
tors. However, it is not clear that these three prognostic mark-
ers are also useful for patients with advanced SCC.

Thus, the aim of this retrospective study was to evaluate
the prognostic significance of LMR, NLR and mGPS for ad-
vanced SCC.

Patients and Methods

Patients, study design and data analysis

This study retrospectively collected 107 patients who met the
following inclusion criteria: 1) SCC, confirmed histologically
or cytologically; 2) patients who had started the first-line cy-
totoxic chemotherapy between September 2007 and February
2017; 3) c-stage IIIB-1V based on the seventh TNM classifica-
tion of lung cancer by the Union for International Cancer Con-
trol (UICC) [17], or recurrence after curative thoracic surgery
or radiotherapy without adjuvant chemotherapy; 4) laboratory
blood data of serum albumin concentration, CRP, absolute
counts of neutrophil, lymphocyte and monocyte within 1 week
of the first day of the first cycle. Pembrolizumab was approved
as the first-line regimen for a specific population of NSCLC by
Japanese medical insurance in December 2016, and has been
available in our hospital since March 2017. The methods, clas-
sifications and definitions of clinical profiles, creatinine clear-
ance (Ccr), NLR, LMR, mGPS, response rate (RR), disease
control rate (DCR), progression-free survival (PFS) and over-
all survival (OS) followed those of our previous studies [15,
16]. The data cutoff was December 31, 2017. The Osaka Police
Hospital Ethics Committee approved this study and waiver of
the written informed consents because of the anonymous and
retrospective data.

Data analysis

This study adopted the same statistical methods in our previ-
ous studies [15, 16], as follows: the mean = standard deviation
(SD) of the continuous data, the frequency of the categorical
data, the median (95% confidence intervals (Cls) of the surviv-
al data, Fisher’s exact test of the relative frequencies, Mann-
Whitney U test of the continuous variables, Spearman’s rank-
order test of correlation between non-parametric data, Cutoff’
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Finder (http://molpath.charite.de/cutoff/) [ 18] to determine the
optimal cutoff points of LMR and NLR and stratify our pa-
tients into two groups, Kaplan-Meier method and log-rank test
for evaluation of PFS and OS, Cox proportional hazard analy-
ses for investigation of independent prognostic factors, EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan; http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/stat-
med.html) [19] used for all statistical analyses. All the factors
with P value < 0.2 in the preceding univariate analyses were
incorporated into the subsequent multivariate analysis. P value
< 0.05 was defined as statistically significant.

Results

In this study, 107 SCC patients were collected. As of data
cutoff (December 31, 2017), 60, 9 and 6 patients were con-
firmed dead at our hospital, at other medical institutions and
at home, respectively. Twenty patients moved to other medical
institutions for end-of-life care, but we could not confirm their
death. One was missing. We were still following 11 patients.
All patients discontinued the first-line chemotherapy, because
of documented PD in 35, completion of pre-defined courses
in 26, deteriorated comorbidity or general condition in 22, ad-
verse effects in 20, patients’ refusal in 2 and unknown reason
in 2. Among 64 patients who had proceeded into the second-
line chemotherapy, seven patients and one received nivolumab
and pembrolizumab, respectively. In this study, 81 and 93 pa-
tients had been dead or lost to follow-up until December 2015
and February 2017, when nivolumab and PD-L1 immunohis-
tochemistry assay were approved by Japanese medical insur-
ance, respectively.

Backgrounds, pretreatment laboratory data, treatment de-
tails and efficacy of 107 patients are shown in Tables 1 and 2,
respectively. LMR and NLR were significantly and inversely
correlated (r =-0.75, P < 0.01). As the optimal cutoff for LMR
and NLR, 2.07 and 5.28 were selected by the Cutoff Finder,
respectively (Fig. 1). We divided 107 patients into higher and
lower groups according to these cutoff points. There were 9
patients in LMR < 2.07 + NLR < 5.28 group, 15 in LMR <
2.07+NLR>5.28,73 in LMR >2.07 + NLR <5.28 and 10 in
LMR >2.07 + NLR > 5.28.

High LMR and low NLR groups provided higher RR,
longer PFS and OS, and higher treatment rate of second-line
chemotherapy than low LMR and high NLR groups. However,
there was no significant difference in RR, DCR, PFS and OS
between mGPS 0 - 1 and 2. (Table 2 and Fig. 2).

According to our univariate Cox hazard analysis, Eastern
Cooperative Oncology Group performance status (ECOG PS)
2 -4 (HR: 2.92, 95% CI: 1.76 - 4.86; P < 0.01), higher CRP
level (HR: 1.09, 95% CI: 1.03 - 1.15; P =0.01), NLR > 5.28
(HR: 2.80, 95% CI: 1.62 - 4.83; P <0.01), LMR < 2.07 (HR:
8.00, 95% CI: 0.18 - 0.54; P < 0.01) were significant unfavora-
ble prognostic factors. mGPS was not chosen as a significant
prognostic factor (Table 3). In the subsequent multivariate
analysis, ECOG PS 2 - 4 (HR: 3.09, 95% CI: 1.77 - 5.40; P
<0.01) and LMR < 2.07 (HR: 0.39, 95% CI: 0.21 - 0.79; P <
0.01) were significant poor prognostic factors. NLR was not
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Figure 1. Hazard ratios and cutoff points of LMR and NLR for overall survival of patients with pulmonary squamous cell carci-
noma. (a) LMR; (b) NLR. The plots were determined using Cutoff Finder. The vertical lines are the optimal cutoff points providing
the most significant split (log-rank test). LMR: lymphocyte to monocyte ratio; NLR: neutrophil to lymphocyte ratio; HR: hazard

ratio; OS:overall survival.

selected as a significant prognostic factor (Table 4).

Discussion

This study was marked by exclusive focus on SCC, a specific
histological subset of NSCLC. This was the first study that
showed LMR as a significant prognostic marker for SCC.
LMR was an independent prognostic factor for OS of SCC
patients, while NLR was not. These results were similar to our

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

previous study, but were different from another our study. Ac-
cording to our previous multivariate analyses, LMR, but not
NLR, was an independent prognostic factor for advanced ad-
enocarcinoma with wild-type epidermal growth factor recep-
tor (EGFR). Two previous studies for advanced and unselected
NSCLC [12, 20] and another study for advanced EGFR-mu-
tated NSCLC treated with EGFR tyrosine kinase inhibitors
(TKIs) [21] detected LMR as independent prognostic factors
for OS. On the contrary, according to another our study of pa-
tients with NSCLC harboring activated EGFR mutation who
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Figure 2. Kaplan-Meier survival curves of overall survival according to LMR, NLR and mGPS. (a) LMR; (b) NLR; (c) mGPS. LMR:
lymphocyte to monocyte ratio; mGPS: modified Glasgow prognostic score; NLR: neutrophil to lymphocyte ratio.

had been treated with EGFR-TKIs, NLR, but not LMR, was
an independent prognostic factor for this selected population.
Compared with LMR, more lines of evidence indicated NLR
as an independent prognostic factor for advanced NSCLC. Our
series of studies of various subsets of NSCLC suggested that
the optimal systemic inflammation marker is different by his-
tological and genetic subsets even in NSCLC.

Interestingly, mGPS was not selected as an independent
prognostic factor for SCC patients, based on our univariate Cox
hazard analysis and Kaplan-Meier survival curves. In contrast,
our previous studies demonstrated mGPS as significant prog-
nostic factors for advanced adenocarcinoma with wild-type
EGFR and small cell lung cancer [16]. Several studies also

662 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

showed clinical utility of mGPS for advanced NSCLC [14,
22-25]. mGPS is an combined index of systemic inflammation
and malnutrition, while LMR and NLR are simple indexes of
systemic inflammation. Thus, mGPS may play different roles
as a prognostic factor according to subsets of NSCLC.

We have to pay attention to some limitations in this study.
First, our small sample size might fail to detect some potential
biomarkers, especially NLR, as significant prognostic markers.
Second, sample bias should be noted because of our single-
institutional and retrospective study design. Third, our study
did not reflect newly developed ICIs. Only a small number of
our patients received PD-L1 immunohistochemistry assay and
ICIs treatment. NLR has been indicated as a prognostic mark-

www.jocmr.org
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Table 3. Univariate Cox Proportional Hazard Analysis of Fac-
tors Associated With Overall Survival

Table 4. Multivariate Cox Proportional Hazard Analysis of Fac-
tors Associated With Overall Survival

HR 95% CI P HR 95% CI P
Age (years) Sex
<75 versus > 75 1.20 0.75-1.93 0.45 Female versus male 1.32 0.71-2.43 0.38
Sex Distant metastasis
Female versus male 1.62 0.90-2.91 0.11 No versus yes 1.54 0.90 - 2.60 0.11
Distant metastasis ECOG PS
No versus yes 1.47 0.92 -2.37 0.11 0-1versus?2 -4 3.09 1.77 - 5.40 <0.01
ECOG PS Albumin (g/dL) 1.24 0.76 - 2.04 0.39
0-1versus2-4 2.92 1.76 - 4.86 <0.01 CRP (mg/dL) 1.03 0.96-1.10 0.42
BMI NLR
> 18.5 versus < 18.5 1.42 0.80 - 2.52 0.23 <5.28 versus > 5.28 1.37 0.67-2.79 0.39
Hemoglobin (g/dL) 0.96 0.85-1.09 0.55 LMR
Cer (mL/min) (/10) 1.02 0.88-1.18 0.81 <2.07 versus >2.07  0.41 021-0.79  <0.01
Sodium (mEq/L) (/10) Cl: confidence interval; CRP: C-reactive protein; ECOG PS: Eastern
> 135 versus < 135 0.91 0.45-1.82 0.78 Cooperative Oncology Group performance status; HR: hazard ratio;
LDH (IU/L) (/100) 1.03 085-123 0.80 IFal\::cl?: lymphocyte to monocyte ratio; NLR: neutrophil to lymphocyte
ALP (IU/L) (/100) 1.05 0.90 - 1.21 0.55 '
Albumin (g/dL) 0.72 0.49 - 1.07 0.10 tani, Kanako Nishimatsu, Shouko Ikuta, Saori Ikebe, Hideyasu
CRP (mg/dL) 1.09 1.03-1.15 <0.01 Okada and Suguru Yamamoto at the Department of Respirato-
ry Medicine, Osaka Police Hospital for their detailed medical
NLR . . . .
records, diagnosis, treatment and care of their patients.
<5.28 versus > 5.28 2.80 1.62 -4.83 <0.01
LMR .
Conflict of Interest
>2.07 versus < 2.07 8.00 0.18 - 0.54 <0.01
mGPS . .
The authors declare that they have no conflict of interests.
0,1 versus 2 1.14 0.70 - 1.85 0.61

ALP: alkaline phosphatase; BMI: body mass index; Ccr: creatinine
clearance; Cl: confidence interval; CRP: C-reactive protein; ECOG PS:
Eastern Cooperative Oncology Group performance status; HR: haz-
ard ratio; LDH: lactate dehydrogenase; LMR: lymphocyte to monocyte
ratio; mGPS: modified Glasgow prognostic score; NLR: neutrophil to
lymphocyte ratio.

er for patients with lung cancer treated with nivolumab [26],
while there is still little evidence of LMR for ICI treatment.
Thus, our study could not elucidate the association of LMR
with PD-L1 expression and ICI efficacy.

Conclusions

LMR is an independent prognostic factor for pulmonary SCC.
Neither NLR nor mGPS is useful as prognostic factor for this
histology. The optimal prognostic markers may differ from
each subset of NSCLC.
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