
Abstract. Background/Aim: We previously presented the
real-world treatment outcomes of the EXTREME regimen as
a first-line therapy for recurrent/metastatic squamous cell
carcinoma of the head and neck (R/M SCCHN). This study
aimed to evaluate the prognostic significance of pretreatment
inflammatory biomarkers in patients with R/M-SCCHN treated
with the EXTREME regimen as first-line therapy as a
supplementary study of our previous retrospective cohort
study. Patients and Methods: The treatment outcomes of 100
patients with R/M-SCCHN treated with the EXTREME
regimen as first-line therapy were compared according to
patient characteristics and pretreatment inflammatory
biomarkers using a Cox proportional hazards regression
model. Survival was evaluated using the Kaplan-Meier
method. Results: In multivariate analysis, a lymphocyte-to-
monocyte ratio (LMR) of <1.944 and Eastern Cooperative

Oncology Group (ECOG) performance status (PS) of 1 were
independent risk factors for poor overall and progression-free
survival. Furthermore, we found that the PS-LMR score based
on the ECOG PS and LMR could stratify patients to extract
the poor prognostic characteristics of R/M-SCCHN patients
treated with the EXTREME regimen as first-line therapy.
Conclusion: Further evaluation is warranted to study the
reliability and applicability of this novel scoring system in
predicting the prognosis of R/M-SCCHN patients in the future.

Squamous cell carcinoma of the head and neck (SCCHN) is
often diagnosed as an advanced disease, with 20-30% of
patients developing local recurrences and/or distant
metastases (1). Generally, the prognosis of patients with
recurrent and/or metastatic SCCHN (R/M-SCCHN) is poor,
with a median overall survival (OS) of less than 1 year (1).
Recently, the prognosis of these patients has improved with
the introduction of immune checkpoint inhibitors (ICIs) such
as an anti-programmed cell death-1 (PD-1) antibody for the
management of patients with R/M-SCCHN. Both nivolumab
and pembrolizumab or pembrolizumab combined with
platinum-fluorouracil chemotherapy resulted in prolonged
survival with favorable safety and stable quality of life in
previous CheckMate 141 and KEYNOTE-048 trials (2, 3);
however, the response rates of these ICI agents remain
unsatisfactory. Thus, the development of biomarkers that can
predict the efficacy of treatment and prognosis of R/M-
SCCHN is eagerly awaited.

The significance of inflammatory biomarkers in predicting
the prognosis of patients with various malignancies has been
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previously reported. In particular, blood cell-based
biomarkers such as the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-
to-monocyte ratio (LMR) reflecting tumor aggressiveness
and immunity, or systemic inflammatory response have been
reported as valuable prognostic makers in many cancers (4-
6). Neutrophils and platelets are associated with tumor
invasion and angiogenesis in malignancies. In addition,
lymphocytes are known to contribute to immune defense for
the elimination of cancer cells. Monocytes are also known to
promote tumorigenesis and angiogenesis by stimulating
several proinflammatory cytokines. Thus, a high NLR, high
PLR, and low LMR could have a higher likelihood of
increased mortality and recurrence rates of malignancies. We
previously demonstrated the significance of the combined F-
NLR classification score using NLR and fibrinogen as
predictive prognostic markers for patients with advanced
hypopharyngeal cancer (7). However, the prognostic
significance of blood cell-based inflammatory biomarkers in
patients with R/M-SCCHN is still unclear, while other
prognostic markers reflecting cachexia and nutritional status
have been widely reported.

Therefore, we evaluated the values of these inflammatory
biomarkers to predict the prognosis of patients with R/M-
SCCHN as a supplementary study of our previous multi-
institutional retrospective cohort study (8). In the present
study, we retrospectively reviewed the institutional records
of 100 patients with R/M-SCCHN treated with the
EXTREME regimen as first-line therapy to assess the
relationship between pretreatment inflammatory markers and
prognosis in these patients.

Patients and Methods

Study design. The present study was conducted as a supplementary
analysis of our previous multi-institutional retrospective cohort
study examining the treatment outcomes of the EXTREME regimen
as first-line therapy for patients with R/M-SCCHN (8). Briefly, a
retrospective chart review of 100 patients with R/M-SCCHN
diagnosed and treated at Yokohama City University Hospital and
Kansai Medical University Hospital between 2013 and 2018 was
conducted. The primary endpoint of our previous study was OS.
Details of the treatment regimens have been described previously
(8). The protocol was approved by the review board of each
institution (Yokohama City University Hospital and Kansai Medical
University Hospital: approval IDs 2018249 and B1811200001,
respectively).

Data collection. The following clinical features were obtained
retrospectively from patients’ medical records as described
previously: age, sex, tumor site, TNM classification based on the
7th edition of the Union for International Cancer Control,
locoregional recurrence, multiple metastases (metastatic sites are
more than two) after initial treatment, cisplatin concurrent
chemoradiotherapy as initial treatment, selection of platinum-

containing drugs in the first-line treatment, and Eastern Cooperative
Oncology Group performance status (ECOG PS).

Blood samples were obtained within 2 weeks before the first-line
treatment. NLR was calculated as the ratio of the peripheral
neutrophil count to lymphocyte count (4), while PLR was calculated
as the ratio of the peripheral platelet count to lymphocyte count (5).
LMR was calculated as the ratio of peripheral lymphocyte count to
monocyte count (6). In this study, we used the modified Glasgow
Prognostic Score (mGPS) to assess pretreatment cachexia in
patients. mGPS was classified into three groups: mGPS score of 2
(CRP >0.5 mg/dl and Alb <3.5 g/dl), score of 1 (CRP >0.5 mg/dl
or Alb <3.5 g/dl), and score of 0 (CRP ≤0.5 mg/dl and Alb ≥3.5
g/dl) (9, 10). 

Statistical analysis. A receiver operating characteristic (ROC) curve
was used to identify the cutoff point as the point nearest the upper-
left corner of the chart with the highest sensitivity and specificity for
the NLR, LMR, and PLR for OS. The chi-square test was used to
evaluate correlations between categorical variables. Progression-free
survival (PFS) was defined as the time of the first relapse of the
disease or death from any cause. A Cox proportional hazard
regression analysis was used to perform multivariate comparisons for
categorical variables with p-values <0.05 in the chi-square analysis.
OS and PFS were analyzed using the Kaplan-Meier method with the
log-rank test. Bonferroni correction was also used for multiple
comparisons. Statistical analyses were performed using JMP software
version 12.2.0 (SAS Institute Inc., Cary, NC, USA); EZR version 1.27
(Saitama Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R version 3.1.1 (The R
Foundation for Statistical Computing, Vienna, Austria); and GraphPad
Prism version 6.05 (GraphPad Software, San Diego, CA). p≤0.05 was
considered statistically significant.

Results

Patient characteristics. The clinical characteristics of the
100 R/M-SCCHN patients analyzed in this study are
summarized in Table I. The median follow-up period was
9 months (range=1-65 months). The number of patients
who died within the observation period was 73 (73.0%).
The median age at diagnosis was 67 years (range=27-82
years). Most patients were male (89.0%) and had ECOG PS
of 0 (73.0%). The number of patients with advanced-stage
disease (stages III and IV) was 87 (87.0%). In addition, 29
(29.0%) patients had locoregional recurrence only, and 37
(37.0%) patients had multiple metastases. There were also
51 patients who underwent curative or postoperative
chemoradiotherapy with cisplatin (CDDP-RT), including 19
patients with platinum-refractory disease. Furthermore, 73
and 27 patients underwent the carboplatin-based and
cisplatin-based EXTREME regimens, respectively. The
other clinical characteristics of the 100 R/M-SCCHN
patients, such as treatment characteristics, have been
described previously (8). The median NLR, LMR, PLR,
and mGPS were 4.439 (range=1.097-48.96), 1.781
(range=0.350-15.29), 234.4 (range=45.79-4384), and 1
(range=0-2), respectively. 
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Cutoff values for inflammatory biomarkers. Optimal cutoff
values for the NLR, LMR, and PLR were determined using
ROC curves for OS, as shown in Figure 1A-C. The cutoff
points of the NLR, LMR, and PLR were 2.460 with an area
under the curve (AUC) of 0.613 (95% CI=0.484-0.742),
1.944 with an AUC of 0.669 (95% CI=0.557-0.781), and
215.2 with an AUC of 0.670 (95% CI=0.544-0.797),
respectively.

Univariate and multivariate analyses of prognostic
biomarkers. Univariate analysis was performed to evaluate
the prognostic significance of the NLR, PLR, LMR, and
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Table I. Patient characteristics.

Variables                                                                         Cases (%)

Median age (range, in years)                                        67 (27-82)
  <67 years (percentage)                                                 51 (51.0)
  ≥67 years (percentage)                                                 49 (49.0)
Gender (percentage)                                                               
  Male                                                                               89 (89.0)
  Female                                                                           11 (11.0)
PS (percentage)                                                                       
  ECOG 0                                                                         73 (73.0)
  ECOG 1                                                                         27 (27.0)
Locoregional recurrence only (percentage)                          
  Yes                                                                                 29 (29.0)
  No                                                                                  71 (71.0)
Multiple metastasis (percentage)                                           
  Yes                                                                                 37 (37.0)
  No                                                                                  63 (63.0)
CDDP-RT (percentage)                                                          
  Yes                                                                                 51 (51.0)
  No                                                                                  49 (49.0)
Platinum in first-line treatment (percentage)                          
  CBDCA use                                                                  73 (73.0)
  CDDP use                                                                      27 (27.0)
Platinum-refractory disease (percentage)                              
  Yes                                                                                 19 (19.0)
  No                                                                                  81 (81.0)
Median NLR (range, in years)                             4.439 (1.097-48.957)
  ≥2.460                                                                           77 (77.0)
  <2.460                                                                           23 (23.0)
Median LMR (range, in years)                             1.781 (0.35-15.2917)
  ≥1.944                                                                           44 (44.0)
  <1.944                                                                           56 (56.0)
Median PLR (range, in years)                           234.39 (45.79-4,384.62)
  ≥215.21                                                                         57 (57.0)
  <215.21                                                                         43 (43.0)
Median mGPS (range, in years)                                       1 (0-2)
  ≥1                                                                                   53 (53.0)
  0                                                                                     47 (47.0)

PS, Performance status; ECOG, Eastern Cooperative Oncology Group;
CDDP-RT, chemoradiotherapy with cisplatin; CBDCA, carboplatin;
NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte
ratio; PLR, platelet-to-lymphocyte ratio; mGPS, modified Glasgow
prognostic score.

Figure 1. Receiver operating characteristics curves for overall survival.
(A) NLR, cutoff value=2.460, AUC=0.613 (95% CI=0.484-0.742). (B)
LMR, cutoff value=1.944, AUC=0.669 (95% CI=0.557-0.781). (C) PLR,
cutoff value=215.210, AUC=0.670 (95% CI=0.544-0.797). 



clinical characteristics for OS and PFS (Table II). We found
that patients who were male, with ECOG PS of 1, platinum-
refractory disease, LMR <1.944, PLR ≥215.2, and mGPS ≥1
had a significantly shorter OS (p=0.039, p=0.046, p=0.023,
p<0.001, p<0.001, and p=0.009, respectively). In addition,
we found that patients with ECOG PS of 1, LMR <1.944,
and mGPS ≥1 had significantly shorter PFS (p<0.001,
p<0.001, and p=0.020, respectively). In contrast, patients
who are male, with platinum-refractory disease and PLR
≥215.2 were not significantly correlated with PFS. In the
present study, other parameters such as age, the presence of
locoregional recurrence and multiple metastatic lesions,

CDDP-RT as previous treatment, platinum agent used in the
EXTREME regimen, and NLR were significantly correlated
with neither OS nor PFS.

In addition, Cox multivariate analysis was performed to
identify independent prognostic factors for survival in
patients with R/M-SCCHN (Tables III and IV). We found that
patients who are male, with PS of 1, and LMR <1.944 were
independently associated with poor OS (p=0.004, p=0.015,
and p=0.048, respectively). In addition, we found that
patients with LMR <1.944 and ECOG PS of 1 were
independently associated with poor PFS (p<0.001 and
p<0.001, respectively). 
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Table II. Univariate analysis.

                                                                                                                          OS                                                                          PFS                          

Variables                                             Cases (%)               HR                      95%CI                p-Value             HR                     95%CI                  p-Value

Age                                                                                                                                                                                                                                  
   <67 years                                         51 (51.0)              1.336                0.838-2.137              0.223             1.144               0.753-1.738                0.528
   ≥67 years                                         49 (49.0)              1.000                 Reference                                      1.000                Reference                    
Gender                                                                                                                                                                                                                             
   Male                                                 89 (89.0)              2.15                  1.036-5.240              0.039             1.277               0.657-2.479                0.471
   Female                                             11 (11.0)              1.000                 Reference                                      1.000                Reference                    
PS                                                                                                                                                                                                                                     
   ECOG 0                                           73 (73.0)              1.744                1.010-2.900              0.046              2.39                1.495-3.820              <0.001
   ECOG 1                                           27 (27.0)              1.000                 Reference                                      1.000                Reference                    
Locoregional recurrence only                                                                                                                               
   Yes                                                   29 (29.0)              1.183                0.719-1.946              0.509             1.009               0.634-1.607                0.969
   No                                                    71 (71.0)              1.000                 Reference                                      1.000                Reference                    
Multiple metastasis                                                                                                                                                                             
   Yes                                                   37 (37.0)              1.134                0.704-1.808              0.601             1.145               0.748-1.753                0.532
   No                                                    63 (63.0)              1.000                 Reference                                      1.000                Reference                    
CDDP-RT                                                                                                                                                                                                                        
   Yes                                                   51 (51.0)              1.141                0.719-1.821              0.575              1.118               0.737-1.697                0.600 
   No                                                    49 (49.0)              1.000                 Reference                                      1.000                Reference                    
Platinum in first-line treatment                                                                                                                            
   CBDCA use                                     73 (73.0)              1.007                0.608-1.734              0.980             1.388               0.845-2.280                0.195 
   CDDP use                                        27 (27.0)              1.000                 Reference                                      1.000                Reference                    
Platinum-refractory disease                                                                                                                                  
   Yes                                                   19 (19.0)              1.864                1.089-3.188              0.023             1.424               0.856-2.368                0.173
   No                                                    81 (81.0)              1.000                 Reference                                      1.000                Reference                    
NLR                                                                                                                                                                                                                                 
   ≥2.460                                             77 (77.0)              1.679                0.938-3.276              0.083             1.235               0.741-2.057                0.417 
   <2.460                                             23 (23.0)              1.000                 Reference                                      1.000                Reference                    
LMR                                                                                                                                                                                                                                
   ≥1.944                                             44 (44.0)              0.389                0.234-0.632           <0.001             0.419               0.268-0.653              <0.001
   <1.944                                             56 (56.0)              1.000                 Reference                                      1.000                Reference                    
PLR                                                                                                                                                                                                                                  
   ≥215.21                                           57 (57.0)              2.397                1.459-4.070           <0.001             1.464               0.949-2.258                0.085 
   <215.21                                           43 (43.0)              1.000                 Reference                                      1.000                Reference                    
mGPS                                                                                                                                                                                                                              
   ≥1                                                     53 (53.0)              1.861                1.167-3.005              0.009             1.652               1.081-2.526                0.020 
   0                                                       47 (47.0)              1.000                 Reference                                      1.000                Reference                    

OS, Overall survival; PFS, progression-free survival; HR, hazard ratio; 95%CI, 95% confidence interval; PS, performance status; ECOG, Eastern
Cooperative Oncology Group; CDDP-RT, chemoradiotherapy with cisplatin; CBDCA, carboplatin; NLR, neutrophil-to-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; mGPS, modified Glasgow prognostic score.



Furthermore, we observed that patients with an LMR of
<1.944 showed significantly shorter OS and PFS than those
with an LMR of ≥1.944 (HR=0.411; 95% CI=0.233-0.588;
p<0.001; and HR=0.471; 95% CI=0.252-0.597; p<0.001,
respectively; Figure 2A and B). Patients with a PS of 1 also
had poorer OS and PFS than those with a PS of 0
(HR=1.712; 95% CI=1.097-3.616; p=0.030, and HR=2.074;
95% CI=1.637-5.225; p<0.001, respectively, Figure 2C and
D). Thus, these results suggest that both an LMR <1.944 and
a PS of 1 were independent prognostic factors for poor OS
and PFS in this study.

PS-LMR as a new prognostic score. In the present study, we
assessed the clinical significance of the combined PS and
LMR scores (PS-LMR score) as prognostic predictors for
patients with R/M-SCCHN. PS-LMR scores were classified
into three groups: PS-LMR score of 0 (PS of 0, LMR
≥1.944), PS-LMR score of 1 (PS of 0 or LMR ≥1.944), and
PS-LMR score of 2 (ECOG PS of 1, LMR <1.944). We
found that patients with a PS-LMR score of 2 had
significantly shorter OS than those with PS-LMR scores of
0 and 1 (HR=2.762; 95% CI=2.275-12.20; p=0.001; and
HR=2.021; 95% CI=1.296-5.863; p=0.041, respectively;
Figure 3A). However, there was no significant difference
between patients with PS-LMR scores of 0 and 1 (p=0.102).
Furthermore, we found that a PS-LMR score of 2 was

associated with significantly shorter PFS than PS-LMR
scores of 0 and 1 (HR=4.065; 95% CI=6.945-47.98;
p<0.001; and HR=2.361; 95% CI=2.095-10.29; p=0.003,
respectively; Figure 3B). In addition, there was a significant
difference in PFS between patients with PS-LMR scores of
0 and 1 (p=0.002). Thus, a high PS-LMR score was
significantly associated with poor PFS. These results suggest
that the PS-LMR score can be used as a pretreatment
prognostic predictor of survival in R/M-SCCHN patients.

Discussion

In this study, we demonstrated that an ECOG PS of 1 and
LMR <1.944 were independent prognostic factors for OS and
PFS in patients with R/M-SCCHN treated with the EXTREME
regimen as first-line therapy. Furthermore, we proposed the
clinical significance of our novel combined PS and LMR
scores (PS-LMR score) to extract poor prognosis in these
patients. Our results on the association between low LMR and
poor prognosis of patients with R/M-SCCHN were consistent
with those of previous studies on other malignancies, including
lung, pancreas, colorectum, ovarian, kidney, liver, esophagus,
breast, stomach, and head and neck cancers (11). LMR is a
blood cell-based inflammatory biomarker simply calculated by
dividing the lymphocyte count by the monocyte count. As
previously mentioned, lymphocytes are well known to play
crucial roles in tumor immunity; therefore, high levels of T
cells in the tumor microenvironment have been associated with
improving the survival of cancer patients (12), while a low
lymphocyte count could reflect immune deficiency (13). In
particular, tumor-infiltrating lymphocytes (TILs), including
infiltrating CD8+ T lymphocytes, have been reported as potent
mediators of antitumor immunity. In the present study, median
lymphocyte counts in patients with LMR <1.944 were lower
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Table III. Multivariate analysis for OS.

Variables                       Cases (%)        HR              95%CI          p-Value

Gender                                                                                                  
   Male                           89 (89.0)       3.532        1.485-8.398        0.004
   Female                       11 (11.0)       1.000         Reference              
PS                                                                                                          
   ECOG 0                     73 (73.0)       2.002        1.143-3.507        0.015
   ECOG 1                     27 (27.0)       1.000         Reference              
Platinum-refractory
disease                                                                           
   Yes                             19 (19.0)       1.653        0.931-2.934        0.086
   No                              81 (81.0)       1.000         Reference              
LMR                                                                                                     
   ≥1.944                        44 (44.0)       0.535        0.288-0.993        0.048
   <1.944                        56 (56.0)       1.000         Reference              
PLR                                                                                                       
   ≥215.21                      57 (57.0)       1.622        0.857-3.070        0.138
   <215.21                      43 (43.0)       1.000         Reference              
mGPS                                                                                                   
   ≥1                               53 (53.0)       1.295        0.786-2.134         0.31
   0                                 47 (47.0)       1.000         Reference              

OS, Overall survival; HR, hazard ratio; 95%CI, 95% confidence
interval; PS, performance status; ECOG, Eastern Cooperative Oncology
Group; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-
lymphocyte ratio; mGPS, modified Glasgow prognostic score.

Table IV. Multivariate analysis for PFS.

Variables                       Cases (%)        HR              95%CI          p-Value

PS                                                                                                          
   ECOG 0                     73 (73.0)       2.568        1.582-4.170      <0.001
   ECOG 1                     27 (27.0)       1.000         Reference              
LMR                                                                                                     
   ≥1.944                        44 (44.0)       0.413        0.259-0.659      <0.001
   <1.944                        56 (56.0)       1.000         Reference              
mGPS                                                                                                   
   ≥1                               53 (53.0)       1.274        0.815-1.993        0.288
   0                                 47 (47.0)       1.000         Reference              

PFS, Progression-free survival; HR, hazard ratio; 95%CI, 95%
confidence interval; PS, performance status; ECOG, Eastern
Cooperative Oncology Group; LMR, lymphocyte-to-monocyte ratio;
mGPS, modified Glasgow prognostic score.



than those with LMR ≥1.944 (data not shown), indicating that
many patients with low LMR were associated with immune
deficiency in our dataset. 

Monocytes have also been reported to be associated with
tumor progression and metastasis, as monocytes have the
potential to differentiate into tissue macrophages, thereby
accelerating angiogenesis and tumor cell motility.
Macrophages can be divided into M1 and M2 phenotypes; the
M1 phenotype is responsible for antitumor immunity, while
the M2 phenotype is responsible for tumor growth and
metastasis (14, 15). Tumor-associated macrophages (TAMs)
(16, 17), derived from peripheral monocytes and located in
or around cancer cells, normally represent M2 protumoral
macrophages (16). Indeed, high TAM levels in the tumor
have been reported to be associated with poor prognosis in

several malignancies (12, 17, 18). Thus, LMR could reflect
the balance between immune deficiency in tumor cells and
tumor progression.

While the present study was conducted for patients with
R/M-SCCHN treated with the EXTREME regimen as first-
line treatment, ICIs are now being widely used as first-line
treatment for these patients. Our data set included 30
patients treated with nivolumab as subsequent therapy,
showing improved survival in these patients (8). Anti-PD-1
antibodies such as nivolumab and pembrolizumab have been
reported to potentially suppress the activation of TILs and
TAMs (19, 20). Sekine et al. reported that a rapid increase
in the LMR was significantly associated with the effects of
nivolumab, and early changes in the LMR may be used as
a novel effective surrogate marker to decide whether to
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Figure 2. Kaplan-Meier curves for overall survival (OS) and progression-free survival (PFS). (A) Kaplan-Meier curves for overall survival (OS)
according to the lymphocyte-to-monocyte ratio (LMR). Black line, LMR <1.944; dashed line, LMR ≥1.944; p<0.001. (B) Kaplan-Meier curves for
progression-free survival (PFS) according to the LMR. Black line, LMR <1.944; dashed line, LMR ≥1.944; p<0.001. (C) Kaplan-Meier curves for
OS according to the Eastern Cooperative Oncology Group performance status (ECOG PS). Black line, ECOG PS of 0; dashed line, ECOG PS of
1; p=0.030. (D) Kaplan-Meier curves for PFS according to the ECOG PS. Black line, ECOG PS of 0; dashed line, ECOG PS of 1; p<0.001. 
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