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Abstract

Objective: Pretreatment systemic inflammation and nutrition-based prognostic indi-

ces (SINBPI) have demonstrated significance. This study investigated the prognostic

value of pretreatment SINBPI for patients with oropharyngeal cancer and identified

unfavorable prognostic markers.

Methods: We retrospectively reviewed the data of 124 patients with oropharyngeal

squamous cell carcinoma (OPSCC) who received definitive treatment between

January 2010 and December 2018. The prognostic utility of the neutrophil-to-

lymphocyte ratio, platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte

ratio (LMR), prognostic nutritional index, and high-sensitivity modified Glasgow

prognostic score (HS-mGPS) was assessed for disease-free survival (DFS), disease-

specific survival (DSS), and overall survival (OS) using univariate and multivariate

analyses.

Results: Multivariate analyses revealed that human papillomavirus (HPV) status and

HS-mGPS were significantly associated with DFS, DSS, and OS. Patients with a HS-

mGPS of 2 had a significantly higher rate of treatment-related deaths than those with

a HS-mGPS of 0 or 1. The combination of the HS-mGPS and PLR had more accurate

predictive ability in DFS and OS compared with the HS-mGPS alone, and the combi-

nation of the HS-mGPS and LMR had more accurate predictive ability in DSS

and OS.

Conclusion: Our results indicated that the HS-mGPS was a useful prognostic marker

for patients with OPSCC, and combined markers consisting of the HS-mGPS and PLR

or LMR may provide more accurate prognostic predictions.

Level of Evidence: 3.
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1 | INTRODUCTION

Oropharyngeal cancer (OPC) accounts for approximately 0.5% of

all cancer cases.1 In developed countries, the consumption of

alcohol and smoking is declining and cancer prevalence is conse-

quently decreasing2; however, the incidence of human papilloma-

virus (HPV)-associated oropharyngeal squamous cell carcinoma

(OPSCC) is increasing.3 Although tumor-node-metastasis (TNM)

classification and HPV status are well known to indicate prognosis

based on tumor stage or characteristics,4 they cannot reflect sys-

temic conditions or treatment tolerability of patients. Malnutrition

and higher inflammatory status have an impact on treatment toler-

ability and survival after treatment for patients with head and neck

cancers.5–7 Definitive treatments, such as surgery, radiation ther-

apy (RT), and chemoradiation therapy (CRT), are generally selected

for patients with OPC.8 However, some patients do not have

tolerability to definitive treatments because of malnutrition and

higher inflammation conditions. Therefore, proper assessment and

intervention strategies to improve nutritional and inflammatory

conditions before treatment are needed from head and neck

oncologists.

Previous studies have shown the significance of pretreatment

systemic inflammation and nutrition-based prognostic indices

(SINBPI), such as the neutrophil-to-lymphocyte ratio (NLR), platelet-

to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR),

prognostic nutritional index (PNI), and Glasgow prognostic score

(GPS) for head and neck cancers (HNSs).9–13 GPS is a useful systemic

inflammatory index that presents the status of cancer cachexia, and

the modified GPS (mGPS) is a more sensitive systemic inflammatory

index than GPS for head and neck cancers.14 Furthermore, recent

studies have shown that high-sensitivity mGPS (HS-mGPS) is more

sensitive than mGPS for prognostic utility in head and neck can-

cers.15,16 However, limited information is available concerning SINBPI

for OPC. Regarding the prognostic role of pretreatment SINBPI in

OPC, a few studies have shown that NLR is an independent and prog-

nostic predictor.17,18 Additionally, Kreinbrink et al.19 reported that the

absolute lymphocyte count is a predictor of improved survival in

HPV-related OPSCC.

Furthermore, a multivariate analysis by Iuchi et al.20

demonstrated that the HS-mGPS is an independent prognostic

factor for patients with HPV-positive or HPV-negative OPC.

However, these studies only investigated one type of SINBPI

(only NLR, absolute lymphocyte count, or HS-mGPS).17–20 This

study aimed to evaluate the prognostic value of pretreatment

SINBPI for patients with OPSCC receiving definitive treatment,

and determine which SINBPI independently and precisely have

prognostic utility for patients with OPSCC receiving definitive

treatment.

2 | MATERIALS AND METHODS

2.1 | Patients

We retrospectively screened 160 patients diagnosed with OPSCC at

Kurume University Hospital between January 2010 and December

2018. Patients with unknown HPV status, distant metastasis at initial

diagnosis, and/or best supportive care were excluded. Based on these

criteria, 124 patients with OPSCC were included in the study

(Figure 1). The tumors were staged according to the system adopted

by the American Joint Committee on Cancer Staging Manual, 8th edi-

tion.21 HPV status was assessed by hybrid-capture HPV DNA detec-

tion or p16 immunohistochemistry. All patients underwent surgery,

RT, cisplatin-based RT for CRT, or cetuximab-RT (Cet-RT) for defini-

tive treatment.

This study (reference number: 17203) followed the provisions

outlined in the Declaration of Helsinki and was approved by the Insti-

tutional Review Board of Kurume University. Informed consent was

obtained from all patients for this study.

2.2 | Clinical data collection and investigation of
SINBPI

Blood laboratory data were examined within 7 days before the initial

treatment. Demographic characteristics were obtained from medical

records, including age, sex, performance status (PS), smoking status,

alcohol consumption, tumor subsite, HPV status, TNM classification,

clinical stage, and treatment.

2.3 | Treatment

Treatment was determined based on TNM stage, clinical laboratory

data, and patients' PS. Although patients with a clinical stage III or IV

F IGURE 1 Flowchart of patient selection.
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TABLE 1 Patient characteristics.

Characteristics All patients (n = 124) HPV-positive (n = 71) HPV-negative (n = 53) p-value

Age .001

Median 63 60 67

Range 34–83 34–81 39–83

Sex .468

Male 103 (83) 57 (80) 46 (87)

Female 21 (17) 14 (20) 7 (13)

Performance status .008

0 82 (66) 53 (75) 29 (55)

1 34 (27) 12 (17) 22 (41)

2 8 (6) 6 (8) 2 (4)

Smoking .072

(Brinkman Index) 61 (49) 40 (56) 21 (40)

<465 63 (51) 31 (44) 32 (60)

≧465

Alcohol consumption

Never 32 (26) 24 (34) 8 (15) .003

Moderate 12 (10) 10 (14) 2 (4)

Heavy 80 (64) 37 (52) 43 (81)

Subsite .005

Lateral wall 75 (60) 50 (70) 25 (47)

Anterior wall 34 (27) 18 (25) 16 (30)

Posterior wall 11 (9) 3 (4) 8 (15)

Superior wall 4 (3) 0 4 (8)

T classification .927

T1 13 (10) 7 (10) 6 (11)

T2 57 (46) 32 (45) 25 (47)

T3 37 (30) 21 (30) 16 (30)

T4 17 (14) 11 (15) 6 (11)

N classification <.001

N0 38 (31) 8 (11) 30 (57)

N1 55 (13) 49 (69) 6 (11)

N2 39 (54) 12 (17) 17 (32)

N3 2 (2) 2 (3) 0

Clinical stage <.001

I 39 (31) 34 (48) 5 (9)

II 38 (31) 23 (32) 15 (28)

III 28 (23) 14 (20) 14 (26)

IV 19 (15) 0 19 (36)

NAC .004

TPF 86 (69) 57 (80) 29 (55)

PF 1 (1) 0 1 (2)

None 37 (30) 14 (20) 23 (43)

Definitive treatment

Surgery 33 (27) 12 (17) 21 (40) .013

Surgery + (C) RT 14 (11) 7 (10) 7 (13)

Cisplatin based-RT 70 (56) 48 (67) 22 (41)

Cetuximab-RT 6 (5) 4 (6) 2 (4)

RT 1 (1) 0 1 (2)

Abbreviations: (C)RT, (chemo) radiation therapy; NAC, neoadjuvant chemotherapy; RT, radiation therapy.
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disease received TPF (docetaxel, cisplatin, and 5-fluorouracil) or PF

(cisplatin and 5-fluorouracil) therapy as neoadjuvant chemotherapy

(NAC) in principle, some patients with PS 1 or 2 did not receive NAC.

Definitive radiation therapy included single daily irradiation adminis-

tered at 2 Gy per fraction (total, 60–70 Gy), and cisplatin or cetuximab

was concomitantly administered with RT. Postoperative CRT contain-

ing cisplatin or RT was performed with daily irradiation administered

at 2 Gy per fraction (total, 60–62 Gy).

2.4 | Systemic inflammation and nutrition-based
prognostic indices

As previously reported, NLR and LMR were calculated from the neutrophil

and lymphocyte counts and lymphocyte and monocyte counts, respec-

tively.9–11,17,18 PLR was calculated using the platelet and lymphocyte

counts.10 PNI was calculated using the following formula: 10 � albumin

(g/dL) + 0.005 � lymphocyte (/mm3); HS-mGPS was calculated as 0 (C-

reactive protein [CRP] ≤0.3 mg/dL), 1 (CRP >0.3 mg/dL and albumin

≥3.5 g/dL), or 2 (CRP >0.3 mg/dL and albumin <3.5 g/dL).12–15 The cutoff

values of the NLR, LMR, PLR, and PNI were determined using operating

characteristic curves optimized for overall survival (OS). The each value of

area under the curve, sensitivity, and specificity are shown in Table S1.

2.5 | Statistical analyses

Disease-free survival (DFS) was calculated from the date of treatment

initiation to tumor relapse (locoregional recurrence, distant metastasis,

or both) or death from any cause. Disease-specific survival (DSS) was

calculated from the date of treatment initiation to death due to OPC.

OS was calculated from the date of treatment initiation to death.

Kaplan–Meier analysis was performed to assess patient survival and

the log-rank test was performed to evaluate significant differences

between and among two or three groups, respectively. The relation-

ships between the SINBPI and clinical factors and between the causes

of death and HS-mGPS were assessed using Fisher's exact test. Uni-

variate and multivariate analyses to identify prognostic factors were

performed using a Cox proportional hazards model. Clinical variables

associated with a p-value <.1 in the univariate analysis were subjected

to a multivariate analysis. Furthermore, Harrell's C-index was calcu-

lated to assess the prognostic utility of each combined markers. Statis-

tical significance was set at a p-value of <.05. Statistical analyses were

conducted using JMP version 16.2.0 (SAS Institute, Inc., Cary, NC) and

R version 4.0.0 (R Foundation, Vienna, Austria).

3 | RESULTS

3.1 | Patient characteristics

The clinical characteristics in HPV-positive and negative patients in

this study are summarized in Table 1. The median age of the patientsT
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at diagnosis was 63 (range, 34–83) years. Of the 124 patients,

103 (83%) and 21 (17%) were male and female, respectively. The

Brinkman Index (BI) was used to assess smoking status; of the

124 patients, 61 and 63 had BI values of <465 and ≥465, respec-

tively. Examination for HPV status by p16 immunohistochemistry

staining or by hybrid-capture HPV DNA detection method was

performed in 85 and 39 patients, respectively. Seventy-one

patients had a positive HPV status, and the remaining patients had a

negative HPV status. Eighty-seven patients underwent NAC.

Forty-seven patients underwent surgery, 14 of whom underwent (C)

RT for postoperative adjuvant therapy. Seventy-seven patients

received non-surgical treatment, of whom 70, six, and one received

cisplatin-based RT, Cet-RT, and RT, respectively. The significant dif-

ferences HPV-positive and negative patients were observed in age

TABLE 3 Univariate and multivariate analyses for prognostic factor.

DFS DSS OS

Univariate Multivariate Univariate Multivariate Univariate Multivariate
p valuea p valuea p valuea p valuea p valuea p valuea

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Age 0.120 0.462 0.256

≧64 vs. <64 1.54 (0.89–2.64) 1.38 (0.58–3.28) 1.49 (0.75–2.94)

Sex 0.188 0.277 0.105

Male vs. female 1.77 (0.75–4.13) 2.25 (0.52–9.65) 2.66 (0.81–8.72)

PS 0.017 0.063 0.030 0.211 0.002 0.038

1–2 vs. 0 1.92 (1.12–3.29) 1.72 (0.97–3.14) 2.59 (1.10–6.12) 1.84 (0.71–4.83) 2.90 (1.49–5.67) 2.22 (1.05–4.73)

Smoking (Brinkman

Index)

0.301 0.194 0.028 0.244

≧465 vs. <465 1.33 (0.78–2.28) 1.79 (0.74–4.33) 2.19 (1.09–4.40) 1.53 (0.74–3.13)

Alcohol

consumption

0.008 0.073 0.182 0.047 0.304

Heavy vs.

moderate or

never

2.64 (1.17–5.94) 2.00 (0.94–4.27) 2.10 (0.71–6.25) 2.43 (1.01–5.88) 1.68 (0.62–4.55)

Subsite 0.317 0.416 0.202

Lateral wall vs.

others

0.76 (0.44–1.30) 0.71 (0.30–1.65) 0.65 (0.33–1.26)

T classification 0.694 0.098 0.637 0.202

T3–T4 vs. T1–T2 1.11 (0.65–1.90) 2.10 (0.87–5.07) 1.27 (0.47–3.49) 1.54 (0.79–2.99)

N classification 0.757 0.887 0.392

N1-3 vs. N0 1.09 (0.62–1.93) 1.07 (0.41–2.76) 0.74 (0.37–1.47)

HPV status 0.003 0.040 0.016 0.011 < 0.001 0.008

Negative vs.

positive

2.31 (1.34–3.97) 1.86 (1.02–3.37) 3.06 (1.23–7.57) 3.48 (1.33–9.07) 3.44 (1.68–7.05) 3.05 (1.33–7.00)

NLR 0.433 0.156 0.068 0.092

≧1.65 vs. <1.65 1.38 (0.62–3.05) 4.28 (0.58–32.0) 3.78 (0.90–15.80) 3.62 (0.81–16.21)

PLR 0.043 0.292 0.002 0.091 0.001 0.232

≧153.1 vs. <153.1 1.74 (1.02–2.97) 1.42 (0.74–2.74) 4.84 (1.77–13.22) 2.86 (0.84–9.71) 2.53 (1.27–5.03) 1.70 (0.71–4.05)

LMR 0.008 0.094 < 0.001 0.171 < 0.001 0.248

≧ 3.2 vs. <3.2 0.45 (0.25–0.81) 0.55 (0.27–1.11) 0.18 (0.08–0.43) 0.44 (0.13–1.42) 0.29 (0.15–0.58) 0.58 (0.23–1.46)

PNI 0.300 0.013 0.894 0.007 0.459

≧41 vs. <41 0.75 (0.44–1.29) 0.32 (0.13–0.79) 0.93 (0.30–2.85) 0.40 (0.20–0.78) 0.73 (0.33–1.65)

HS-mGPS 0.002 0.032 < 0.001 0.013 < 0.001 0.006

2 vs. 0–1 3.77 (1.60–8.87) 2.78 (1.09–7.08) 10.31 (3.73–28.47) 7.73 (2.06–28.9) 6.74 (2.76–16.41) 4.97 (1.58–15.68)

Note: Others (anterior, posterior, and superior wall).

Abbreviations: DFS, disease free survival; DSS, disease specific survival; HS-mGPS, high-sensitivity modified Glasgow prognostic score; LMR, lymphocyte

to monocyte ratio; NLR, neutrophil to lymphocyte ratio; OS, overall survival; PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional index; PS,

performance status.
aCox proportional hazards model.

680 OKA ET AL.



(p = .001), PS (p = .008), alcohol consumption (p = .003), subsite

(p = .005), N classification (p < .001), clinical stage (p < .001),

NAC (p = .004), and definitive treatment (p = .013). The median

follow-up period was 5.3 (range, 1.1–10.5) years.

3.2 | Correlations between patient characteristics
and SINBPI

The relationships between patient demographics and SINBPI are pre-

sented in Table 2. We detected significant correlations between PLR

and age (p = .029) and between PNI and smoking (p = .042). Addi-

tionally, significant correlations were observed between HS-mGPS

and PS (p = .009), smoking (p = .013), T classification (p = .016), and

definitive treatment (p = .018). Six of the seven patients with a HS-

mGPS of 2 received non-surgical treatment.

3.3 | Univariate and multivariate analyses for
prognostic factor

The univariate and multivariate analysis results are presented in

Table 3. The univariate analysis showed that PS (p = .017), alcohol

consumption (p = .008), HPV status (p = .003), PLR (p = .043), LMR

(p = .008), and HS-mGPS (p = .002) were significant predictive

factors for DFS, and the multivariate analysis demonstrated that HPV

status (hazard ratio [HR], 1.86; 95% confidence interval [CI], 1.02–

3.37; p = .040) and HS-mGPS (HR, 2.78; 95% CI, 1.09–7.08;

p = .032) were significant and independent predictive factors for

DFS. Additionally, the univariate analysis showed that PS (p = .030),

HPV status (p = .016), PLR (p = .002), LMR (p < .001), PNI

(p = .013), and HS-mGPS (p < .001) were significant predictive fac-

tors for DSS, and the multivariate analysis demonstrated that HPV

status (HR, 3.48; 95% CI, 1.33–9.07; p = .011) and HS-mGPS

(HR 7.73; 95% CI 2.06–28.90; p = .013) were significant and indepen-

dent predictive factors for DSS. Furthermore, the univariate analysis

showed that PS (p = .002), smoking (p = .028), alcohol consumption

(p = .047), HPV status (p < .001), PLR (p = .001), LMR (p < .001), PNI

(p = .007), and HS-mGPS (p < .001) were significant predictive

factors for OS. The multivariate analysis demonstrated that PS

(HR, 2.22; 95% CI, 1.05–4.73; p = .038), HPV status (HR, 3.05; 95% CI,

1.33–7.00; p = .008), and HS-mGPS (HR, 4.97; 95% CI, 1.58–15.68;

p = .006) were significant and independent predictive factors for OS.

3.4 | Survival analysis

In the multivariate analyses of SINBPI, a high HS-mGPS was an unfa-

vorable prognostic factor for DFS, DSS, and OS. The Kaplan–Meier

curves for DFS, DSS, and OS according to HS-mGPS are shown in

F IGURE 2 Kaplan–Meier analysis for disease-free survival, disease-specific survival, and overall survival based on the HS-mGPS of patients
with OPSCC. Significant differences were evaluated using the log-rank test. HS-mGPS, high-sensitivity modified Glasgow prognostic score;
OPSCC, oropharyngeal squamous cell carcinoma.

TABLE 4 Cause of death.

HS-mGPS

n 0 1 2 p-value

All death 35 18 (21) 11(34) 6 (86) .001

Cancer death 29 15 (18) 11 (34) 3 (43) .060

Treatment-related death 4 1 (1) 0 3 (43) <.001

Abbreviation: HS-mGPS, high-sensitivity modified Glasgow prognostic score.
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Figure 2. The 5-year DFS and DSS rates of patients with a HS-mGPS

of 0, 1, and 2 were 61.1%, 55.4%, and 14.3% (p = .004) and 88.8%,

73.0%, and 28.6% (p < .001), respectively. Additionally, the 5-year OS

rates of the patients with a HS-mGPS of 0, 1, and 2 were 77.9%,

64.6%, and 14.3% (p < .001), respectively.

3.5 | Death patterns according to the HS-mGPS

We examined the association between the cause of death and HS-

mGPS (Table 4). Death due to OPSCC or other cancers occurred in

15, 11, and three patients with a HS-mGPS of 0, 1, and 2, respectively.

Treatment-related deaths were observed in one and three patients

with a HS-mGPS of 1 and 2, respectively. The rate of death was sig-

nificantly higher in patients with a HS-mGPS of 2 (p < .001). Among

three patients with a HS-mGPS of 2, one died from septic shock and

two from pneumonia.

3.6 | Prognostic efficacy of combined marker with
the HS-mGPS

We investigated whether the prognostic effect increased by the com-

bination of biochemical (HS-mGPS) and hematological induces (NLR,

PLR, or LMR) (Table 5). In this analysis, we excluded PNI for combined

makers with the HS-mGPS because calculation of the PNI and HS-

mGPS were defined by the CRP level. The results revealed that the

combination of the HS-mGPS and PLR (C-index, 0.596) and the HS-

mGPS and LMR (C-index, 0.699) had the highest prognostic accuracy

(higher C-index) for DFS and DSS, respectively. Additionally, the com-

bination of the HS-mGPS and PLR or LMR (C-index, 0.622) had the

highest prognostic accuracy for OS.

4 | DISCUSSION

In the present study, we investigated the association between

SINBPI and prognosis in patients with OPSCC receiving a defini-

tive treatment. We demonstrated that the HS-mGPS had a

statistically significant prognostic impact on DFS, DSS, and OS

among the SINBPI examined in this study.

Several studies, including a meta-analysis, have reported the

prognostic utility of the NLR, LMR, PLR, PNI, and HS-mGPS in head

and neck cancers.9–20,22–29 Regarding previous reports on a system-

atic review and meta-analysis, Yang et al.22 investigated a total of

25 studies and demonstrated that higher pretreatment NLR was asso-

ciated with poorer prognosis. Takenaka et al.23 reviewed 19 studies of

head and neck cancer and showed that an elevated pretreatment NLR

had a predictive value of poorer OS and DSS. Tham et al.24 investi-

gated 4260 patients with head and neck cancer in seven cohorts and

demonstrated that elevated LMR is significantly associated with

improved OS and DFS. Kumarasamy et al.10 investigated 49 studies

on head and neck cancer and demonstrated that the PLR, NLR, and

monocyte-lymphocyte ratio could be powerful prognostic markers.

Shi et al.25 investigated 10 studies and demonstrated that pretreat-

ment PNI was a significant prognostic marker in patients with head

and neck neoplasms treated with RT. However, to the best of our

knowledge, no meta-analysis limited to OPC is currently available.

Regarding studies of OPC, in a study by Ng et al.17 including a

cohort of 848 patients with OPC treated with RT, the NLR (cutoff

value, 3) before RT was an independent prognostic factor. Fanetti

et al.26 reported that a high NLR (cutoff value, 3) was a negative prog-

nostic factor in a cohort of 125 patients with locally advanced OPC

treated with CRT. Staniewska et al.27 investigated the prognostic util-

ity of red cell distribution width, NLR, and PLR using the receiver

operating characteristic (ROC) method in patients with OPC receiving

RT and showed that the NLR (cutoff value, 2.099) was an independent

predictor of OS in their multivariate analysis. In this study, the NLR

cutoff value (1.65) determined by the ROC optimized for OS was not

associated with DFS, DSS, or OS in the univariate and multivariate

analyses. Tsai et al.28 investigated the prognostic utility of PNI and

LMR in patients with HPV-negative OPC using the ROC method opti-

mized for OS and demonstrated that both PNI (cutoff value, 50.5) and

LMR (cutoff value, 4.45) were independent prognostic indicators for

5-year OS in their multivariate analysis. Takahashi et al.29 investigated

the prognostic utility of LMR, NLR, and PLR by optimal cutoff values

using the ROC and demonstrated that LMR (cutoff value, 4.97) was

an independent prognostic factor in their multivariate analysis. The

present study showed that higher LMR (cutoff value, 3.2) or lower

PLR (cutoff value, 153.1) was significantly associated with favorable

DFS, DSS, and OS in our univariate analysis, although these were not

significant in our multivariate analysis. Additionally, although our uni-

variate analysis showed that higher PNI (cutoff value, 41) was signifi-

cantly associated with favorable DSS and OS, it was not significant in

our multivariate analysis.

Although meta-analyses of the prognostic value of pretreatment

GPS or mGPS in several cancer types have been reported,30–34 no

meta-analysis has been reported for head and neck cancers. Further-

more, no meta-analysis on the HS-mGPS is available. Peng et al.32 per-

formed a meta-analysis to evaluate the prognostic value of NLR, LMR,

PLR, and GPS in a cohort of patients with osteosarcoma and demon-

strated that higher NLR and GPS were significantly associated with

TABLE 5 Comparison of model according to C-index.

C-index

Model DFS DSS OS

HS-mGPS 0.547 0.618 0.581

HS-mGPS + NLR 0.525 0.651 0.561

HS-mGPS + PLR 0.596 0.696 0.622

HS-mGPS + LMR 0.595 0.699 0.622

Abbreviations: DFS, disease free survival; DSS, disease specific survival;

HS-mGPS, high-sensitivity modified Glasgow prognostic score; LMR,

lymphocyte to monocyte ratio; NLR, neutrophil to lymphocyte ratio; OS,

overall survival; PLR, platelet to lymphocyte ratio.
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poorer OS in patients with osteosarcoma, although there were no sig-

nificant associations between PLR or LMR and OS or DFS. In a sys-

tematic review and meta-analysis including 72 studies, Jiang et al.30

investigated the association of the NLR, PLR, LMR, CRP to albumin

ratio (CAR), systemic inflammation index, GPS, and mGPS with prog-

nostic value in esophageal cancer and demonstrated that the pretreat-

ment CAR and mGPS had an excellently prognostic value relative to

any other markers.

In this study, we determined the cutoff values of NLR, LMR, PLR,

and PNI using the ROC optimized for OS and demonstrated that the

HS-mGPS was the most significant and independent prognostic factor

among the SINBPI examined. Additionally, although we conducted a

prognostic analysis using the median cutoff values of NLR, LMR, PLR,

and PNI, the HS-mGPS was the most significant and independent

prognostic factor among these SINBPI (Table S2).

HS-mGPS, consisting of the serum levels of CRP and albumin, is

easily and inexpensively available from clinical data. CRP is a sensitive

marker of systemic inflammation, and an elevated serum CRP level is

associated with tumor growth, lymph node metastasis, and tumor

recurrence.35–37 Additionally, albumin is widely used as an indicator

of nutritional status, and patients with head and neck cancers have

often been reported to have chronic malnutrition at diagnosis due to

poor nutritional habits, and alcohol or tobacco abuse in addition to

tumor-related symptoms, such as mechanical obstruction, dysphagia,

and anorexia.29,38,39 Therefore, patients with head and neck cancers

tend to have hypoalbuminemia. Malnutrition induced by hypoalbumi-

nemia is attributed to difficulty completing treatment or exacerbation

of adverse effects. In this study, the rate of treatment-related death in

patients with a HS-mGPS of 2 was higher than that for those with a

HS-mGPS of 0 or 1, and these patients who had received CRT had

treatment-related death. CRT causes several toxic effects, such as

nausea, vomiting, xerostomia, mucositis, fatigue, and taste deficiency,

and further deterioration of nutritional status is induced by these tox-

icities. Mikosiba et al.40 reported that a high CAR and mGPS were

independent predictors of the incidence of severe side effects. There-

fore, the future of patients with OPSCC with an elevated HS-mGPS

who may receive CRT is so serious that multimodal and nutritional

treatment should be offered, which may delay or prevent the onset of

cachexia and/or treatment-related deaths. Furthermore, HS-mGPS

may assist in the rational selection of patients for pretreatment inter-

ventions, including increasing dietary and palliative care.

We identified the prognostic value of HS-mGPS in present study

and demonstrated that combining HS-mGPS and PLR (C-index, 0.596)

or LMR (C-index, 0.699) had a more accurate predictive ability for

DFS and DSS compared with HS-mGPS alone (C-index, 0.547 and

0.618), respectively. We also demonstrated that combining HS-mGPS

and PLR (C-index, 0.622) or LMR (C-index, 0.622) had a more accurate

predictive ability for OS. Previous studies have demonstrated a

C-index of 0.610–0.750 for a combination of inflammatory and

nutritional markers for head and neck cancers. Moreover, Wei et al.,41

in a study on a prognostic model in patients with locoregional recur-

rent nasopharyngeal carcinoma, investigated the predictive ability for

OS through five combined factors–age, Alb, recurrent T stage, NLR,

and systematic immune-inflammation index–and yielded a C-index of

0.636 and 0.610 in the test and validation cohorts, respectively. Tsai

et al.42 investigated the prognostic value of preoperative HS-mGPS,

NLR, and PLR for patients with oral cavity cancer and showed that

HS-mGPS combined with NLR (C-index, 0.71) had a more accurate

predictive ability for survival than HS-mGPS alone (C-index, 0.66).

Additionally, Zhuang et al.43 investigated the prognostic value of

albumin/globulin ratio (AGR), NLR, and PLR in patients with oral SCC

and showed that AGR combined with the NLR score (C-index, 0.658)

was a useful predictive marker for OS in patients with oral SCC.

Furthermore, Kao et al.44 reviewed 613 patients who underwent

ablative surgery for oral SCC and showed that the albumin/NLR score

(C-index, 0.750) had a more accurate predictive ability for OS com-

pared to TNM staging (C-index, 0.688). Compared to the C-indexes in

the aforementioned reports, the C-index of our prognostic model is

not high, and the accuracy of our established predictive model might

not be of high quality. Our study demonstrated that patients with a

HS-mGPS of 2 had worse prognosis and higher treatment-related

mortality than those with a lower HS-mGPS, meaning that this

HS-mGPS might have the ability to isolate patients having a much worse

prognosis from the remainder of the population, although though it has

some limitations. Although we showed an improvement in the C-index

by comparing the combined HS-mGPS and LMR or PLR to HS-mGPS

alone, the clinical effectiveness of the combined markers might not

be significant, owing to the low C-index. Therefore, it is necessary to

develop a prognostic marker with a high C-index in the future.

This study has some limitations. First, it was a retrospective

cohort study involving a small number of patients. Second, there was

potential selection bias owing to the retrospective nature of this

study. Third, treatment varied on a case-by-case basis. Finally, the

HPV status assessment methods were not uniform. We would like to

confirm the significance of our findings in future studies using exter-

nal validation cohorts or a large prospective study.

5 | CONCLUSION

We investigated the prognostic utility of pretreatment SINBPI for

patients with OPSCC and our findings revealed that the HS-mGPS

was an independent prognostic factor. Patients with an elevated HS-

mGPS had more unfavorable treatment-related outcomes, disease

control, and survival rate. HS-mGPS may assist in the rational selec-

tion of patients for pretreatment interventions, which may contribute

to favorable treatment outcomes. In the future, the development of a

combination of HS-mGPS and hematological markers, including LMR

or PLR, is warranted.

ACKNOWLEDGMENTS

We wish to express our gratitude to the Radiation Oncology team for

their kind support throughout the study.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

OKA ET AL. 683



ORCID

Fumihiko Sato https://orcid.org/0000-0002-7990-7590

Takeharu Ono https://orcid.org/0000-0003-2414-7034

Toshihiko Kawaguchi https://orcid.org/0000-0003-2754-0202

Shintaro Sueyoshi https://orcid.org/0000-0003-4261-3019

Kiminobu Sato https://orcid.org/0000-0001-6537-4490

Hirohito Umeno https://orcid.org/0000-0002-2347-495X

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

cancer statistics 2018: GLOBOCAN estimates of incidence and mor-

tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.

2018;68:394-424.

2. Lee YC, Hashibe M. Tobacco, alcohol, and cancer in low and high

income countries. Ann Glob Health. 2014;80:378-383.

3. Berman TA, Schiller JT. Human papillomavirus in cervical cancer and

oropharyngeal cancer: one cause, two diseases. Cancer. 2017;

123(12):2219-2229. doi:10.1002/cncr.30588

4. Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and survival

of patients with oropharyngeal cancer. N Engl J Med. 2010;363(1):

24-35.

5. Capuano G, Gentile PC, Bianciardi F, Tosti M, Palladino A, Di

Palma M. Prevalence and influence of malnutrition on quality of life

and performance status in patients with locally advanced head and

neck cancer before treatment. Support Care Cancer. 2010;18(4):433-

437. doi:10.1007/s00520-009-0681-8

6. Gorenc M, Kozjek NR, Strojan P. Malnutrition and cachexia in patients

with head and neck cancer treated with (chemo)radiotherapy. Rep

Pract Oncol Radiother. 2015;20(4):249-258. doi:10.1016/j.rpor.2015.

03.001

7. Orell-Kotikangas H, Österlund P, Mäkitie O, et al. Cachexia at diagno-

sis is associated with poor survival in head and neck cancer patients.

Acta Otolaryngol. 2017;137(7):778-785. doi:10.1080/00016489.

2016.1277263

8. Kang JJ, Yu Y, Chen L, et al. Consensuses, controversies, and future

directions in treatment deintensification for human papillomavirus-

associated oropharyngeal cancer. CA Cancer J Clin. 2022;73:164-197.

doi:10.3322/caac.21758

9. Ferrandino RM, Roof S, Garneau J, et al. Neutrophil-to-lymphocyte

ratio as a prognostic indicator for overall and cancer-specific survival

in squamous cell carcinoma of the head and neck. Head Neck. 2020;

42(10):2830-2840.

10. Kumarasamy C, Tiwary V, Sunil K, et al. Prognostic utility of platelet-

lymphocyte ratio, neutrophil-lymphocyte ratio and monocyte-

lymphocyte ratio in head and neck cancers: a detailed PRISMA com-

pliant systematic review and meta-analysis. Cancers (Basel). 2021;

13(16):4166. doi:10.3390/cancers13164166

11. Lin CH, Chou WC, Wu YY, et al. Prognostic significance of dynamic

changes in lymphocyte-to-monocyte ratio in patients with head and

neck cancer treated with radiotherapy: results from a large cohort

study. Radiother Oncol. 2021;154:76-86. doi:10.1016/j.radonc.2020.

09.012

12. Ding Z, Gui Y, Zhou L, et al. Whole-course nutritional support therapy

and indicators in head and neck cancer surgery. Asia Pac J Clin Nutr.

2022;31(3):348-354. doi:10.6133/apjcn.202209_31(3).0002

13. Chang PH, Yeh KY, Wang CH, et al. Impact of the pretreatment Glas-

gow prognostic score on treatment tolerance, toxicities, and survival

in patients with advanced head and neck cancer undergoing concur-

rent chemoradiotherapy. Head Neck. 2017;39(10):1990-1996. doi:10.

1002/hed.24853

14. Nakayama M, Tabuchi K, Hara A. Clinical utility of the modified Glas-

gow prognostic score in patients with advanced head and neck can-

cer. Head Neck. 2015;37(12):1745-1749. doi:10.1002/hed.23823

15. Hanai N, Sawabe M, Kimura T, et al. The high-sensitivity modified

Glasgow prognostic score is superior to the modified Glasgow

prognostic score as a prognostic predictor for head and neck cancer.

Oncotarget. 2018;9(97):37008-37016. doi:10.18632/oncotarget.

26438

16. Yeh KY, Wang CH, Ling HH, Peng CL, Chen ZS, Hsia S. Pretreatment

Glasgow prognostic score correlated with serum histidine level and

three-year mortality of patients with locally advanced head and neck

squamous cell carcinoma and optimal performance status. Nutrients.

2022;14(17):3475. doi:10.3390/nu14173475

17. Ng SP, Bahig H, Jethanandani A, et al. Prognostic significance of pre-

treatment neutrophil-to-lymphocyte ratio (NLR) in patients with oro-

pharyngeal cancer treated with radiotherapy. Br J Cancer. 2021;

124(3):628-633. doi:10.1038/s41416-020-01106-x

18. So YK, Lee G, Oh D, Byeon S, Park W, Chung MK. Prognostic role of

neutrophil-to-lymphocyte ratio in patients with human papillomavirus-

positive oropharyngeal cancer. Otolaryngol Head Neck Surg. 2018;

159(2):303-309. doi:10.1177/0194599818764651

19. Kreinbrink PJ, Li J, Parajuli S, et al. Pre-treatment absolute lympho-

cyte count predicts for improved survival in human papillomavirus

(HPV)-driven oropharyngeal squamous cell carcinoma. Oral Oncol.

2021;116:105245. doi:10.1016/j.oraloncology.2021

20. Iuchi H, Ohori J, Ando Y, Tokushige T, Haraguchi M, Yamashita M.

Utility of the high-sensitivity modified Glasgow prognostic scores for

oropharyngeal carcinoma. OTO Open. 2021;5(3):2473974X211042302.

doi:10.1177/2473974X211042302

21. American Joint Committee on Cancer (AJCC). Staging Manual. 8th ed.

Springer, New York, 2017.

22. Yang L, Huang Y, Zhou L, Dai Y, Hu G. High pretreatment

neutrophil-to-lymphocyte ratio as a predictor of poor survival prog-

nosis in head and neck squamous cell carcinoma: systematic review

and meta-analysis. Head Neck. 2019;41(5):1525-1535. doi:10.1002/

hed.25583

23. Takenaka Y, Oya R, Kitamiura T, et al. Prognostic role of neutrophil-

to-lymphocyte ratio in head and neck cancer: a meta-analysis. Head

Neck. 2018;40(3):647-655. doi:10.1002/hed.24986

24. Tham T, Olson C, Khaymovich J, Herman SW, Costantino PD. The

lymphocyte-to-monocyte ratio as a prognostic indicator in head and

neck cancer: a systematic review and meta-analysis. Eur Arch Otorhino-

laryngol. 2018;275(7):1663-1670. doi:10.1007/s00405-018-4972-x

25. Shi Y, Zhang Y, Niu Y, Chen Y, Kou C. Prognostic role of the prognos-

tic nutritional index (PNI) in patients with head and neck neoplasms

undergoing radiotherapy: a meta-analysis. PLoS One. 2021;16(9):

e0257425. doi:10.1371/journal.pone.0257425

26. Fanetti G, Alterio D, Marvaso G, et al. Prognostic significance of

neutrophil-to-lymphocyte ratio in HPV status era for oropharyngeal

cancer. Oral Dis. 2020;26(7):1384-1392. doi:10.1111/odi.13366

27. Staniewska E, Tomasik B, Tarnawski R, Łaszczych M, Miszczyk M.

The prognostic value of red cell distribution width (RDW), neutrophil-

to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) in

radiotherapy for oropharyngeal cancer. Rep Pract Oncol Radiother.

2021;26(6):1010-1018. doi:10.5603/RPOR.a2021.0126

28. Tsai MH, Huang TL, Chuang HC, et al. Clinical significance of pre-

treatment prognostic nutritional index and lymphocyte-to-monocyte

ratio in patients with advanced p16-negative oropharyngeal cancer-a

retrospective study. PeerJ. 2020;8:e10465. doi:10.7717/peerj.10465

29. Takahashi H, Sakakura K, Tada H, Kaira K, Oyama T, Chikamatsu K.

Prognostic significance and population dynamics of peripheral mono-

cytes in patients with oropharyngeal squamous cell carcinoma. Head

Neck. 2019;41(6):1880-1888. doi:10.1002/hed.25625

30. Jiang Y, Xu D, Song H, et al. Inflammation and nutrition-based bio-

markers in the prognosis of oesophageal cancer: a systematic review

and meta-analysis. BMJ Open. 2021;11(9):e048324. doi:10.1136/

bmjopen-2020-048324

31. Xu S, Song L, Liu X. Prognostic value of pretreatment Glasgow prog-

nostic score/modified Glasgow prognostic score in ovarian cancer: a

684 OKA ET AL.

https://orcid.org/0000-0002-7990-7590
https://orcid.org/0000-0002-7990-7590
https://orcid.org/0000-0003-2414-7034
https://orcid.org/0000-0003-2414-7034
https://orcid.org/0000-0003-2754-0202
https://orcid.org/0000-0003-2754-0202
https://orcid.org/0000-0003-4261-3019
https://orcid.org/0000-0003-4261-3019
https://orcid.org/0000-0001-6537-4490
https://orcid.org/0000-0001-6537-4490
https://orcid.org/0000-0002-2347-495X
https://orcid.org/0000-0002-2347-495X
info:doi/10.1002/cncr.30588
info:doi/10.1007/s00520-009-0681-8
info:doi/10.1016/j.rpor.2015.03.001
info:doi/10.1016/j.rpor.2015.03.001
info:doi/10.1080/00016489.2016.1277263
info:doi/10.1080/00016489.2016.1277263
info:doi/10.3322/caac.21758
info:doi/10.3390/cancers13164166
info:doi/10.1016/j.radonc.2020.09.012
info:doi/10.1016/j.radonc.2020.09.012
info:doi/10.6133/apjcn.202209_31(3).0002
info:doi/10.1002/hed.24853
info:doi/10.1002/hed.24853
info:doi/10.1002/hed.23823
info:doi/10.18632/oncotarget.26438
info:doi/10.18632/oncotarget.26438
info:doi/10.3390/nu14173475
info:doi/10.1038/s41416-020-01106-x
info:doi/10.1177/0194599818764651
info:doi/10.1016/j.oraloncology.2021
info:doi/10.1177/2473974X211042302
info:doi/10.1002/hed.25583
info:doi/10.1002/hed.25583
info:doi/10.1002/hed.24986
info:doi/10.1007/s00405-018-4972-x
info:doi/10.1371/journal.pone.0257425
info:doi/10.1111/odi.13366
info:doi/10.5603/RPOR.a2021.0126
info:doi/10.7717/peerj.10465
info:doi/10.1002/hed.25625
info:doi/10.1136/bmjopen-2020-048324
info:doi/10.1136/bmjopen-2020-048324


systematic review and meta-analysis. Nutr Cancer. 2022;74(6):1968-

1975. doi:10.1080/01635581.2021.1980591

32. Peng LP, Li J, Li XF. Prognostic value of neutrophil/lymphocyte, plate-

let/lymphocyte, lymphocyte/monocyte ratios and Glasgow prognos-

tic score in osteosarcoma: A meta-analysis. World J Clin Cases. 2022;

10(7):2194-2205. doi:10.12998/wjcc.v10.i7.2194

33. Zhang CL, Fan K, Gao MQ, Pang B. Prognostic value of Glasgow prog-

nostic score in non-small cell lung cancer: a systematic review and

meta-analysis. Pathol Oncol Res. 2022;28:1610109. doi:10.3389/

pore.2022.1610109

34. Tan D, Li J, Lin T, et al. Prognostic utility of the modified Glasgow

prognostic score in urothelial carcinoma: outcomes from a pooled

analysis. J Clin Med. 2022;11(21):6261. doi:10.3390/jcm11216261

35. Allin KH, Bojesen SE, Nordestgaard BG. Baseline C-reactive protein is

associated with incident cancer and survival in patients with cancer.

J Clin Oncol. 2009;27:2217-2224.

36. Hefler LA, Concin N, Hofstetter G, et al. Serum C-reactive protein as

independent prognostic variable in patients with ovarian cancer. Clin

Cancer Res. 2008;14:710-714.

37. Polterauer S, Grimm C, Tempfer C, et al. C-reactive protein is a prog-

nostic parameter in patients with cervical cancer. Gynecol Oncol.

2007;107:114-117.

38. McMillan DC, Elahi MM, Sattar N, Angerson WJ, Johnstone J,

McArdle CS. Measurement of the systemic inflammatory response

predicts cancer-specific and non-cancer survival in patients with can-

cer. Nutr Cancer. 2001;41:64-69.

39. Lim WS, Roh JL, Kim SB, Choi SH, Nam SY, Kim SY. Pretreatment

albumin level predicts survival in head and neck squamous cell

carcinoma. Laryngoscope. 2017;127(12):E437-E442. doi:10.1002/lary.

26691

40. Mikoshiba T, Ozawa H, Saito S, et al. Usefulness of hematological

inflammatory markers in predicting severe side-effects from induction

chemotherapy in head and neck cancer patients. Anticancer Res.

2019;39(6):3059-3065. doi:10.21873/anticanres.13440

41. Wei YH, Wang Y, Li H, et al. A nomogram to predict survival in

patients with locoregional recurrent nasopharyngeal carcinoma

receiving comprehensive treatment. Front Oncol. 2022;12:892510.

doi:10.3389/fonc.2022.892510

42. Tsai YT, Fang KH, Hsu CM, et al. Prognostic role of high-sensitivity

modified Glasgow prognostic score for patients with operated Oral

cavity cancer: a retrospective study. Front Oncol. 2022;12:825967.

doi:10.3389/fonc.2022.825967

43. Zhuang Z, Li Y, Hong Y, et al. A novel prognostic score based on sys-

temic inflammatory biomarkers for patients with oral squamous cell

carcinoma. Oral Dis. 2022;28(3):631-638. doi:10.1111/odi.13774

44. Kao HK, Löfstrand J, Loh CY, et al. Nomogram based on albumin and

neutrophil-to-lymphocyte ratio for predicting the prognosis of

patients with oral cavity squamous cell carcinoma. Sci Rep. 2018;8(1):

13081. doi:10.1038/s41598-018-31498-z

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Oka T, Sato F, Ono T, et al. Prognostic

values of systemic inflammation and nutrition-based

prognostic indices in oropharyngeal carcinoma. Laryngoscope

Investigative Otolaryngology. 2023;8(3):675‐685. doi:10.1002/

lio2.1070

OKA ET AL. 685

info:doi/10.1080/01635581.2021.1980591
info:doi/10.12998/wjcc.v10.i7.2194
info:doi/10.3389/pore.2022.1610109
info:doi/10.3389/pore.2022.1610109
info:doi/10.3390/jcm11216261
info:doi/10.1002/lary.26691
info:doi/10.1002/lary.26691
info:doi/10.21873/anticanres.13440
info:doi/10.3389/fonc.2022.892510
info:doi/10.3389/fonc.2022.825967
info:doi/10.1111/odi.13774
info:doi/10.1038/s41598-018-31498-z
info:doi/10.1002/lio2.1070
info:doi/10.1002/lio2.1070

	Prognostic values of systemic inflammation and nutrition-based prognostic indices in oropharyngeal carcinoma
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patients
	2.2  Clinical data collection and investigation of SINBPI
	2.3  Treatment
	2.4  Systemic inflammation and nutrition-based prognostic indices
	2.5  Statistical analyses

	3  RESULTS
	3.1  Patient characteristics
	3.2  Correlations between patient characteristics and SINBPI
	3.3  Univariate and multivariate analyses for prognostic factor
	3.4  Survival analysis
	3.5  Death patterns according to the HS-mGPS
	3.6  Prognostic efficacy of combined marker with the HS-mGPS

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


