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Abstract

Objective. There is increasing evidence that the high-sensitivity
modified Glasgow prognostic scores are inflammatory indices
that can predict survival for many cancer types. However,
there is limited information regarding their prognostic values
in cases of head and neck cancer. This study aimed to evalu-
ate whether the high-sensitivity modified Glasgow prognostic
scores could predict outcomes among patients with orophar-
yngeal squamous cell carcinoma (OPC).

Study Design. Retrospective study.

Setting. University hospital.

Methods. We reviewed the records of 106 patients with his-
tologically confirmed OPC between March 2009 and June
2020. The high-sensitivity modified Glasgow prognostic
scores were calculated as 0 (C-reactive protein [CRP] con-
centration: �0.3 mg/dL), 1 (CRP concentration .0.3 mg/dL
and albumin concentration �3.5 mg/dL), or 2 (CRP concen-
tration .0.3 mg/dL and albumin concentration \3.5 mg/dL).
Univariate and multivariable Cox proportional hazard analy-
ses were performed for overall survival (OS) and disease-free
survival (DFS).

Results. Forty-four of these patients had human papilloma-
virus (HPV)–positive OPC, and 62 had HPV-negative OPC,
and these populations were analyzed separately. The high-
sensitivity modified Glasgow prognostic score was signifi-
cantly associated with age, performance status, and HPV.
On univariate analysis, high-sensitivity modified Glasgow
prognostic score showed associations with OS and DFS in
both subpopulations. Moreover, on multivariable analysis,
the high-sensitivity modified Glasgow prognostic score
showed associations with OS and DFS in both subpopula-
tions. Poor performance status predicted OS in both
subpopulations.

Conclusion. We conclude that the high-sensitivity modified
Glasgow prognostic score is useful as an independent prog-
nostic factor in OPC.
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T
o date, there is limited molecular characterization of

the driver mutations of the various subtypes of head

and neck squamous cell carcinoma (HNSCC), with

human papillomavirus (HPV), smoking, and alcohol the only

identified causative agents. Therefore, understanding the bio-

logical mechanisms that lead to cancer progression and identi-

fication of prognostic factors are essential to improve the

clinical management of HNSCC.

There is a 28% reduced risk of death and a 49% reduced

risk of disease recurrence for patients who have HPV-positive

oropharyngeal squamous cell carcinoma (OPC) vs those with

HPV-negative OPC.1 Patients with HPV-positive cancer are

generally younger and healthier than their HPV-negative

counterparts, with better performance status, no smoking his-

tory, and fewer comorbidities.1 HPV-OPC may be detected

earlier, because 51% of patients initially present with a neck

mass vs 18% of patients with HPV-negative OPC, which is

less likely to metastasize to cervical lymph nodes.2 HPV-neg-

ative OPC demonstrates greater locoregional progression than

HPV-positive OPC, thus making HPV-negative OPC more

refractory to treatment.3
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Ang et al4 retrospectively analyzed the 0129 Radiation

Therapy Oncology Group trial and found that 3-year overall

survival (OS) was 82.4% for patients with HPV-positive dis-

ease and 57.1% for those with HPV-negative disease. In

HPV-positive patients with no smoking history and a low

nodal status (N0, N1, N2a), the 3-year OS could reach up to

93%. However, a significant minority of HPV-positive

patients (20%) have poor OS. Identification of this high-risk

group is important in an era of potential treatment deescala-

tion and introduction of molecularly targeted therapies.

Several inflammation-based scoring systems have been

devised, and they are strongly associated with prognoses

among patients with various neoplasms. The modified

Glasgow prognostic score (mGPS) can be used to evaluate

systemic inflammation and nutritional status in patients with

cancer based on serum concentrations of C-reactive protein

(CRP) and albumin. The mGPS has been validated as an inde-

pendent prognostic factor in various malignancies, including

hypopharyngeal cancer,5 and Iuchi et al5 reported that com-

bining the mGPS with conventional TNM staging provided

more accurate prognostic predictions. Recent research has

also established that the high-sensitivity mGPS (HS-mGPS) is

an even more sensitive prognostic marker for several can-

cers.6,7 The mGPS is calculated as a score of 0 (CRP concen-

tration�1.0 mg/dL), 1 (CRP concentration .1.0 mg/dL), or 2

(CRP concentration .1.0 mg/dL and albumin concentration

\3.5 mg/dL), while the CRP threshold level is set to 0.3 mg/

dL for the HS-mGPS.6

This retrospective cohort study aimed to evaluate whether

HS-mGPS could predict outcomes among patients with OPC

and to compare other risk factors, including HPV.

Materials and Methods
Patient Selection

This retrospective study evaluated 117 consecutive patients

who underwent initial treatment for OPC at the Department of

Otolaryngology, Head and Neck Surgery at Kagoshima

University between March 2009 and June 2020. The exclu-

sion criteria were (1) 2 duplicated cancer cases, (2) 3 cases

with recurrence, (3) 2 cases with distant metastasis, and (4) 4

cases in which the CRP and albumin concentrations were not

measured at the initial diagnosis. Based on these criteria, the

study ultimately included 106 patients with OPC. The patho-

logical classification of the primary tumor, degree of lymph

node involvement, and presence of organ metastasis were

determined according to the eighth edition of the Union for

International Cancer Control TNM classification system.8

This retrospective study was approved by the institutional

review board of Kagoshima University (180238).

HPV Status

The tumor HPV status was determined using p16 immunos-

taining and HPV DNA detection using polymerase chain reac-

tion (PCR). All tests for the tumor HPV status were

prospectively performed using untreated primary tumor

tissue. Diffuse (at least more than 70%) and strong nuclear

and cytoplasmic staining of p16 or the detection of high-risk

HPV DNA (HPV 16, 18, 33, 35, 39, 45, 51, 52, 56, or 66) indi-

cated positivity for HPV.

Treatment Protocol

After explaining the treatment options for surgery and che-

moradiotherapy (CRT) or radiotherapy, informed consent for

treatment was obtained from the patients. The general indica-

tions for surgery were as follows: T1 and T2 stage cancers for

transoral surgery. Node-positive patients were also included if

the tumors were resectable by neck dissection. Our procedure

for transoral surgery was transoral videolaryngoscopic sur-

gery. Postoperative adjuvant concurrent chemoradiotherapy

was performed for high-risk patients based on positive surgi-

cal margins or extranodal/perineural invasion near the cervi-

cal lymph nodes. For definitive patients treated with

chemoradiotherapy, the dose was 70 Gray (Gy) in 35 fractions

with cisplatin (100 mg/m2 every 3 weeks). Postoperative

patients received 60 Gy in 30 fractions. The radiotherapy was

planned using computed tomography and administered as

either 3-dimensional conformal or intensity-modulated

radiotherapy.

Treatment Assessment and Follow-up

Clinical response was assessed according to the Response

Evaluation Criteria in Solid Tumors (version 1.1) at 4 to 6

weeks after the completion of treatment. Follow-up evaluations

included physical examination, blood tests, endoscopy, and

enhanced computed tomography of the neck and chest. Patients

were followed up every 3 months for the first year, every 6

months for the second year, and then annually thereafter.

Inflammation-Based Prognostic Scores

Laboratory testing had been performed on the day of admis-

sion, and the results were searched to determine the patients’

serum CRP and albumin concentrations. The HS-mGPS was

calculated as previously reported6: a score of 2 was assigned

to patients with an elevated CRP concentration (.0.3 mg/dL)

and a reduced albumin concentration (\3.5 g/dL), a score of 1

was assigned to patients with an elevated CRP concentration

(.0.3 mg/dL) and a nondecreased albumin concentration

(�3.5 g/dL), and a score of 0 was assigned to patients without

an elevated CRP concentration (�0.3 mg/dL), regardless of

their albumin concentration.

Statistical Analyses

All statistical analyses were performed using SPSS for

Windows software (version 22.0; SPSS, Inc). Overall survival

(OS) was defined as the primary end point and was calculated

as the interval between the first admission (the same time as

the blood test) and the first instance of the date of death due to

any cause or the last follow-up. Disease-free survival (DFS)

was defined as the time to tumor recurrence or death. Survival

outcomes were estimated using the Kaplan-Meier method and

compared using the log-rank test. Subjects were treated as

censored if they were lost to follow-up. The relationships

between survival outcomes and the HS-mGPS were evaluated

using multivariate Cox proportional hazards models, and the
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results were reported as the hazard ratio (HR) and 95% CI. All

tests were 2-sided, and differences were considered signifi-

cant at P\ .05.

Results
Patient Characteristics

Table 1 shows the baseline characteristics of the 106

included patients. The average follow-up period was 42

months (range, 3-132 months). The median age at diagnosis

was 66 years (range, 40-85 years), and most patients were

male (88.7%). Most patients had a performance status of 0

(78.3%) and stage IV disease (44.4%). There were 44

(41.5%) patients who were positive for HPV and 62

(58.5%) patients who were negative or unknown. The pri-

mary tumors were located at the palatine tonsils (68.0%),

base of the tongue (24.4%), posterior pharyngeal wall

(3.8%), and soft palate (3.8%). The HS-mGPS scores were 0

for 57 (53.8%) patients, 1 for 37 (35.0%) patients, and 2 for

12 (11.2%) patients. The HS-mGPS was significantly associ-

ated with age (P = .037), Eastern Cooperative Oncology

Group performance status (P = .007), and HPV (P = .013).

Median radiotherapy dose was 70 Gy (range, 58-70 Gy) for

definitive radiotherapy.

Relationships Between OS and the HS-mGPS

The Kaplan-Meier curves for OS with HPV-positive patients

were compared according to the HS-mGPS (Figure 1A),

which revealed 3-year OS rates of 96.6% for the HS-mGPS0

group, 48.6% for the HS-mGPS1 group, and 25.0% for the

HS-mGPS2 group. Significant differences in the OS outcomes

were observed between the HS-mGPS0, HS-mGPS1, and HS-

mGPS2 groups (HR, 4.36; 95% CI, 1.76-10.80; P = .001). The

Kaplan-Meier curves for OS with HPV-negative patients

were also compared according to the HS-mGPS (Figure 1B),

which revealed 3-year OS rates of 95.8% for the HS-mGPS0

group, 53.5% for the HS-mGPS1 group, and 26.2% for the

HS-mGPS2 group. Significant differences in the OS outcomes

were observed between the HS-mGPS0, HS-mGPS1, and HS-

mGPS2 groups (HR, 4.73; 95% CI, 2.17-10.27; P\ .0001).

In HPV-positive patients, univariate analyses revealed that

OS was associated with PS (P = .003) and the HS-mGPS (P =

.001) (Table 2). Multivariable analysis revealed that the HS-

mGPS independently predicted OS (HR, 2.970; 95% CI,

0.979-9.016; P = .045). In HPV-negative patients, univariate

analyses revealed that OS was associated with PS (P \ .001)

and the HS-mGPS (P\ .001) (Table 2). Multivariable analy-

sis revealed that the HS-mGPS independently predicted OS

(HR, 5.778; 95% CI, 2.247-14.856; P\ .001).

Relationships Between DFS and the HS-mGPS

The Kaplan-Meier curves for DFS with HPV-positive patients

were compared according to the HS-mGPS (Figure 2A),

which revealed 3-year DFS rates of 77.3% in the HS-mGPS0

group, 44.4% in the HS-mGPS1 group, and 33.3% in the HS-

mGPS2 group. Significant differences in the DFS outcomes

were observed between the HS-mGPS0, HS-mGPS1, and HS-

mGPS2 groups (HR, 1.900; 95% CI, 0.995-3.628; P = .042).

The Kaplan-Meier curves for DFS with HPV-negative

patients were also compared according to the HS-mGPS

(Figure 2B), which revealed 3-year OS rates of 75.1% for the

HS-mGPS0 group, 26.7% for the HS-mGPS1 group, and

0.0% for the HS-mGPS2 group. Significant differences in the

DFS outcomes were observed between the HS-mGPS0, HS-

mGPS1, and HS-mGPS2 groups (HR, 2.540; 95% CI, 1.585-

4.072; P\ .0001).

In HPV-positive patients, univariate analyses revealed that

DFS was associated with the HS-mGPS (P\ .042) (Table 2).

In HPV-negative patients, univariate analyses revealed that

DFS was associated with tumor stage (P = .027), nodal stage

(P = .02), AJCC stage (P = .023), and the HS-mGPS (P \
.001) (Table 2). Multivariable analysis revealed that DFS

was only independently predicted by the HS-mGPS (HR,

2.374; 95% CI, 1.459-3.861; P\ .001).

Discussion

The present study revealed that the HS-mGPS was signifi-

cantly associated with outcomes among patients with OPC in

the univariate analyses. However, only the HS-mGPS was

independently associated with OS and DFS in the multivari-

able analysis regardless of HPV infection. Therefore, the

results from this study indicate that the HS-mGPS may be

used for predicting outcomes in all patients with OPC.

The inflammation-based GPS system is based on elevated

serum CRP concentrations and hypoalbuminemia.9 Elevated

serum CRP concentrations reflect a state of systemic inflam-

mation and are generally associated with a higher cancer risk

and poorer prognosis.10 Hypoalbuminemia reflects the hyper-

catabolic state of cancer cachexia, which is caused by cyto-

kine activation, and it is commonly observed in patients with

cancer.11 Previous studies have indicated that the GPS was

superior to white blood cell count, neutrophil count, platelet

count, the neutrophil-lymphocyte ratio, and the Edinburgh

Clinical Risk Score for predicting survival among patients

with cancer.12 Several studies have also investigated the asso-

ciation between the mGPS and outcomes among patients with

head and neck cancer. Nakayama et al13 were the first to

report the prognostic value of the mGPS in this setting, and

Iuchi et al5 subsequently reported that combining the mGPS

and conventional TNM staging provided more accurate prog-

nostication. In addition, Chen et al14 have reported that the

GPS may have prognostic value and guide personalized treat-

ment among patients with metastatic nasopharyngeal carci-

noma who received cisplatin-based palliative chemotherapy.

However, several studies have recently suggested that the

HS-mGPS is superior to the mGPS as a prognostic marker for

many cancer types.15,16 A large retrospective study of patients

with resectable gastric cancer also revealed that the mGPS

and HS-mGPS provided good preoperative prediction of OS

outcomes, although the HS-mGPS was found to be superior

based on multivariable Cox regression analysis.16 Another

study compared the prognostic values of the GPS, mGPS, HS-

mGPS, and other inflammation-based markers among patients

with resectable non–small cell lung cancer, which also

revealed that the HS-mGPS provided better ability to predict

Iuchi et al 3



OS (vs the GPS and mGPS).17 Proctor et al15 reported that the

HS-mGPS provided better prognostic value than the GPS and

mGPS in a large cohort of patients with cancer. Furthermore,

Hanai et al6 demonstrated that the HS-mGPS is superior to the

mGPS as a prognostic predictor for head and neck cancer, and

that study included patients with HSCC. However, there is

limited evidence regarding the prognostic value of the HS-

mGPS among patients with OPC, and the present study

Table 1. Patient Demographics (n = 106).

Characteristic No. (%)
HS-mGPS, No.

0 1 2 P valuea

Age

\66 years 58 (54.7) 36 14 8 .037

�66 years 48 (45.3) 21 23 4

Sex

Male 94 (88.7) 49 34 11 .636

Female 12 (11.3) 8 3 1

ECOG PS

0 83 (78.3) 45 25 5 .007

1 20 (18.9) 12 9 4

2 3 (2.8) 0 3 3

HPV

Positive 44 (41.5) 31 9 4 .013

Negative 62 (58.5) 26 28 8

Smoking status

Nonsmoker 22 (20.8) 12 9 1

Smoker (current or ex) 84 (79.2) 45 28 11

Drinking history

Yes 29 16 10 3 .964

None 76 40 27 9

Tumor stage

T1 11 (10.4) 5 5 1 .332

T2 45 (42.5) 29 11 5

T3 21 (19.9) 12 8 1

T4 29 (27.2) 11 13 5

Nodal stage

N0 22 (20.8) 12 9 1 .227

N1 34 (32.1) 23 7 4

N2 43 (40.6) 20 18 5

N3 7 (6.5) 2 3 2

AJCC stage

I 29 (27.3) 20 6 3 .123

II 16 (15.1) 10 4 2

III 14 (13.2) 9 5 0

IV 47 (44.4) 18 22 7

Tumor location

Palatine tonsils 72 (68.0) 43 21 8 .163

Base of the tongue 26 (24.4) 10 14 2

Posterior pharyngeal wall 4 (3.8) 1 2 1

Soft palate 4 (3.8) 3 0 1

Treatment

Radiotherapy 17 (16.1) 11 5 1 .743

Chemoradiotherapy 84 (79.2) 43 30 11

TOVS 1 ND 5 (4.7) 3 2 0

Abbreviations: AJCC, American Joint Committee on Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; HPV, human papillomavirus;

HS-mGPS, high-sensitivity modified Glasgow prognostic score; ND, neck dissection; TOVS, transoral videolaryngoscopic surgery.
aAppropriate statistical test (Student t test, Mann-Whitney U, x2 test, or Fisher exact test) conducted between HS-mGPS.
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Table 2. Univariate and Multivariable of Overall Survival and Disease-Free Survival in HPV-Positive and HPV-Negative Oropharyngeal
Squamous Cell Carcinoma.

Variable

Overall survival Disease-free survival

Univariate,

HR (95% CI) P valuea

Multivariable,

HR (95% CI) P valueb

Univariate,

HR (95% CI) P valuea

Multivariable,

HR (95% CI) P valueb

HPV positive (n = 44)

Age (continuous) 0.94 (0.18-4.85) .94 0.70 (0.19-2.54) .58

Sex (males vs females) 0.44 (0.00-3.16) .63 0.90 (0.12-6.90) .92

ECOG PS (0 vs 1-2) 5.18 (1.74-15.40) \.01 2.21 (0.63-7.77) .22 1.94 (0.89-4.23) .10

Tumor stage (1, 2, 3, 4) 1.23 (0.50-3.05) .65 0.85 (0.43-1.68) .63

Nodal stage (0, 1, 2, 3) 1.04 (0.32-3.38) .94 1.90 (0.86-4.20) .11

AJCC stage (I, II, III, IV) 0.77 (0.26-2.30) .64 0.89 (0.43-1.81) .74

Tumor location

(palatine tonsils vs others)

0.13 (0.00-77.14) .53 0.71 (0.23-2.25) .57

Smoking status (nonsmoker vs

ex or current)

0.65 (0.13-3.38) .61 0.36 (0.12-1.12) .08

Drinking history (yes or none) 0.62 (0.14-2.77) .53 0.74 (0.24-2.28) .60

HS-mGPS (0, 1, 2) 4.364 (1.76-10.80) \.01 2.97 (0.98-9.02) .04 1.90 (1.00-3.63) .04

HPV negative (n = 62)

Age (continuous) 0.95 (0.34-2.64) .94 0.85 (0.43-1.70) .65

Sex (males vs females) 0.39 (0.05-2.98) .63 0.68 (0.21-2.23) .52

ECOG PS (0 vs 1-2) 4.38 (2.17-8.85) \.01 4.22 (2.00-8.88) \.01 1.60 (0.96-2.67) .07

Tumor stage (1, 2, 3, 4) 1.23 (0.50-3.05) .65 1.50 (1.05-2.16) .03 1.36 (0.94-1.96) .11

Nodal stage (0, 1, 2, 3) 1.45 (0.85-2.46) .94 1.65 (1.08-2.50) .02 1.31 (0.82-2.10) .26

AJCC stage (I, II, III, IV) 1.51 (0.70-3.27) .64 2.11 (1.11-4.01) .02 1.28 (0.54-2.73) .63

Tumor location (palatine

tonsils vs others)

0.98 (0.49-1.94) .53 1.07 (0.71-1.63) .74

Smoking status (nonsmoker vs

ex or current)

1.05 (0.50-2.21) .61 0.97 (0.60-1.57) .90

Drink 0.872 (0.28-2.75) .53 0.86 (0.40-1.86) .71

HS-mGPS (0, 1, 2) 4.73 (2.18-10.27) \.01 5.78 (2.25-14.86) \.01 2.54 (1.59-4.07) \.01 2.37 (1.46-3.86) \.01

Abbreviations: AJCC, American Joint Committee on Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; HPV, human papillomavirus;

HR, hazard ratio; HS-mGPS, high-sensitivity modified Glasgow prognostic score.
aP value from Kaplan-Meier log-rank test.
bP value from Cox regression log-likelihood ratio test.

Figure 1. Kaplan-Meier overall survival (OS) curves for the HS-mGPS. HS-mGPS was significantly associated with (A) HPV-positive (log-rank
P = .001) and (B) HPV-negative (log-rank P = .001) patients. HPV, human papillomavirus; HS-mGPS, high-sensitivity modified Glasgow prognostic
score.
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revealed that the HS-mGPS was an independent prognostic

marker in cases of OPC. Therefore, when considered together,

our findings and previous findings suggest that the HS-mGPS

is a significant and independent predictor of survival out-

comes and may be superior to the mGPS.

Huang et al18 identified that patients with p16-positive oro-

pharyngeal cancer with high circulating neutrophil levels

have a reduced OS and RFS (relapse-free survival).

Interestingly, this association was not seen in the p16-negative

oropharyngeal patients. Furthermore, higher levels of circu-

lating lymphocytes were predictive of improved RFS and

marginally improved OS in the p16-positive population but

not in the p16-negative patients. In addition, in a study by

Ward et al,19 patients with HPV-positive OPC with high or

moderate tumor-infiltrating lymphocyte expression had sig-

nificantly improved survival compared to patients with HPV-

positive low tumor-infiltrating lymphocytes and HPV-nega-

tive patients regardless of lymphocyte expression. This would

suggest within the HPV oropharyngeal cancer population the

systemic and local inflammatory environment may be impor-

tant for determination of clinical outcomes. In both studies,

there is a significant minority of HPV-positive patients (20%)

who have poor OS. In this study, even HPV-positive patients

with HS-mGPS2 had a very poor 3-year OS rate of 25% and

DFS of 12.2%. Therefore, one of the causes of poor prognosis

in HPV-positive patients may be poor HS-mGPS.

Although the underlying mechanism is unclear, Hanai

et al6 have reported that the precise CRP concentration can be

used to accurately identify patients with poor expected prog-

noses. Technological advances have also permitted very accu-

rate measurements of inflammatory markers, including CRP,

even at relatively small values.20 In addition, there is increas-

ing evidence that CRP concentrations of .0.3 mg/dL can pre-

dict a poor prognosis among patients with and without

cancer,21 and Zacho et al22 have reported that elevated CRP

concentrations are associated with increased risks of cardio-

vascular death, cancer death, and all-cause death. As elevated

CRP concentrations do not per se cause early death, they are

more likely a marker of hidden and potentially fatal inflam-

matory disease.22 Thus, even slight changes in inflammation

might be related to potential cachexia and a subsequent poor

prognosis, which could explain the ability of the HS-mGPS to

independently predict survival outcomes and possibly identify

cases of cancer cachexia.

This study has 2 important limitations. First, a small single-

center retrospective study is prone to various sources of bias,

including selection bias. Second, the HS-mGPS scores were

calculated retrospectively, not by the clinicians who were

making the treatment decisions, which is another potential

source of information bias. The number of cases was limited,

and patients who underwent various treatments were included

in the population. However, if any bias were present, it would

lead to nondifferential misclassification, as the treatment would

be performed regardless of the HS-mGPS. Therefore, this may

negate any potential bias in this respect. Therefore, to validate

our findings, a larger-scale study incorporating the treatment

modality should be performed.

Conclusion

The present study revealed that the HS-mGPS have prognos-

tic value among patients with OPC, although only the HS-

mGPS was independently associated with OS and DFS in the

multivariable analysis. The greater prognostic value of the

HS-mGPS may related to it being a more sensitive index of

inflammation. Therefore, we suggest using the HS-mGPS for

prognostication among patients with OPC.
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