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Abstract. The prognostic value of inflammation‑ and nutrition-
based biomarkers in oral squamous cell carcinoma (OSCC) 
remains unclear. The present study evaluated the prognostic 
significance of these biomarkers in patients with recurrent or 
metastatic OSCC (R/M‑OSCC) undergoing immune check‑
point inhibitor (ICI) therapy. The retrospective study analyzed 
45 patients with R/M‑OSCC who were treated with ICIs at 
Hiroshima University Hospital (Hiroshima, Japan) between 
October 2017 and December 2024. Clinical and treatment data 

were collected alongside inflammation‑based prognostic scores 
(IBPSs). These biomarkers were calculated prior to and 4‑6 
weeks after ICI initiation. The 1‑ and 2‑year overall survival (OS) 
rates for patients were 40 and 22%, respectively, with a median 
OS of 8.1 months [95% confidence interval (CI): 5.2‑14.2). The 
1‑ and 2‑year progression‑free survival (PFS) rates for patients 
were 34 and 6.7%, respectively (median PFS, 5.3 months; 95% 
CI: 2.7‑7.9). Post‑treatment biomarkers demonstrated superior 
prognostic value compared with pre‑treatment values. Male 
sex [hazard ratio (HR)=4.11, P=0.0059] and lower body mass 
index (HR=3.33, P=0.0188) were significantly associated with 
poorer OS. Post‑treatment neutrophil‑to‑lymphocyte ratio 
(NLR) (HR=4.17, P=0.0337) and prognostic nutritional index 
(PNI) (HR=3.92, P=0.0073) were significantly associated with 
OS. Post‑treatment NLR (HR=3.80, P=0.0339), lymphocyte-
to‑monocyte ratio (LMR) (HR=4.02, P=0.0304) and PNI 
(HR=2.96, P=0.0342) were significantly associated with PFS. 
Furthermore, post‑treatment IBPS markers, including NLR 
(P=0.0006), LMR (P=0.0065), platelet‑to‑lymphocyte ratio 
(P=0.0396), C‑reactive protein‑to‑albumin ratio (P=0.0062), 
PNI (P=0.0358) and lymphocyte counts (P=0.0321), were signif‑
icantly associated with the disease control rate. In conclusion, 
post‑treatment inflammation‑ and nutrition‑based biomarkers 
could help clinicians identify early those patients most likely to 
benefit from ICIs and support the development of individualized 
treatment strategies.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common 
malignancy of the oral cavity and accounts for approximately 
90% of all oral cancers (1‑3). It represents a major subgroup of 
head and neck squamous cell carcinomas (HNSCCs), which are 
among the sixth most common cancers worldwide, with over 
500,000 new cases annually (2). Despite advances in surgery, 
chemotherapy, and radiotherapy, the prognosis of patients with 
recurrent or metastatic OSCC (R/M‑OSCC) remains poor.
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Since the 1980s, platinum‑based chemotherapy regimens 
have served as the standard treatment for advanced head and 
neck cancers. The EXTREME regimen, which combines 
5‑fluorouracil, cisplatin, and cetuximab, became a standard of 
care in 2012 (4). More recently, immune checkpoint inhibi‑
tors (ICIs), such as nivolumab and pembrolizumab, targeting 
the programmed death‑1 (PD‑1)/programmed death‑ligand 1 
(PD‑L1) pathway, have expanded the therapeutic landscape 
and shown promising efficacy in R/M‑HNSCC, including 
OSCC (5,6). These agents are now widely used in clinical 
practice in Japan and globally. However, ICIs are not univer‑
sally effective, and their clinical benefit is limited to a subset 
of patients (7). Therefore, there is a pressing need to identify 
reliable biomarkers to predict which patients are most likely 
to respond to ICI therapy. While previous studies have 
proposed PD‑L1 expression, tumor mutational burden, and 
tumor‑infiltrating lymphocytes (TILs) as candidate predictive 
biomarkers, none have demonstrated sufficient sensitivity or 
specificity for routine clinical use (8‑10).

In recent years, inflammation‑ and nutrition‑based 
biomarkers have emerged as potential prognostic indica‑
tors in various malignancies, including head and neck 
cancers (11‑25). These include the neutrophil‑to‑lymphocyte 
ratio (NLR)  (13‑16,23,25‑30), platelet‑to‑lymphocyte 
ratio (PLR)  (14‑18,23,24), lymphocyte‑to‑monocyte ratio 
(LMR) (25), C‑reactive protein‑to‑albumin ratio (CAR) (12,20), 
prognostic nutritional index (PNI)  (31,32), and modified 
Glasgow Prognostic Score (mGPS) (22,24). These markers are 
simple to calculate using routinely available laboratory data 
and reflect the complex interplay between systemic inflam‑
mation, nutritional status, and cancer progression. Although 
several reports have explored the prognostic significance of 
these markers in HNSCC, limited data exist regarding their 
role in predicting the response and outcomes of ICI treatment 
specifically in patients with OSCC. Moreover, it remains 
unclear whether the timing of biomarker evaluation, before or 
after ICI initiation, affects their prognostic utility.

Therefore, the aim of this retrospective study was to 
evaluate the clinical relevance of inflammation‑ and nutri‑
tion‑based biomarkers as predictors of treatment response and 
prognosis in patients with R/M‑OSCC receiving ICI therapy. 
We also investigated whether biomarker levels assessed after 
ICI administration offer superior prognostic value compared 
to those assessed prior to treatment.

Materials and methods

Study design and population. We conducted a retrospective 
analysis of the clinical data of 45 patients with R/M‑OSCC 
treated with ICIs between October 2017 and December 2024 
at Hiroshima University Hospital (Hiroshima, Japan). Eligible 
patients were aged ≥18 years, had histologically confirmed 
OSCC arising exclusively from the oral cavity (excluding 
oropharyngeal subsites, such as the soft palate, base of the 
tongue, and tonsillar region; this definition aligns with previous 
clinical studies that focus solely on cancers of the oral cavity), 
received at least one cycle of ICI therapy, and had adequate 
clinical data including laboratory results and follow‑up 
information. Patients were excluded if they had concurrent 
malignancies, active autoimmune diseases, or insufficient 

medical records. The observation period was defined as the 
interval from the initiation of ICI therapy to the date of death, 
last follow‑up, or the data cutoff (February 1, 2025), whichever 
came first.

Data collection and definitions. We assessed the following 
parameters: Age, sex, Eastern Cooperative Oncology Group 
Performance Status (ECOG PS), primary tumor site, disease 
stage, presence of target lesions, treatment line, history of 
surgery, history of radiotherapy, combined positive score (CPS), 
chemotherapy regimen and dose, initial treatment, presence or 
absence of radiotherapy, observation period, number of treat‑
ment cycles, IBPSs before and after treatment, overall survival 
(OS), one‑year and two‑year survival rates, progression‑free 
survival (PFS), objective response rate (ORR), disease control 
rate (DCR), best overall response, presence or absence of 
immune‑related adverse events (irAEs), and details of irAEs. 
All patients were staged according to the eighth edition of the 
International Union Against Cancer (UICC) TNM staging 
system (33). In this study, OSCC was defined as squamous 
cell carcinoma that arises exclusively from the oral cavity, 
excluding oropharyngeal subsites, such as the soft palate, base 
of the tongue, and tonsillar region.

The IBPSs were calculated as follows: the NLR was deter‑
mined by dividing the absolute neutrophil count (/mm3) by the 
absolute lymphocyte count (/mm3); LMR was calculated by 
dividing the absolute lymphocyte count (/mm3) by the absolute 
monocyte count (/mm3); PLR was determined by dividing the 
absolute platelet count (/mm3) by the absolute lymphocyte 
count (/mm3); CAR was calculated by dividing the C‑reactive 
protein (CRP) concentration (mg/dl) by the serum albumin 
concentration (g/dL); and PNI was calculated as 10x serum 
albumin concentration (g/dl) + 0.005x total lymphocyte count 
(/mm3). These values were obtained from the blood test results 
obtained within 1 week prior to the first day of ICI administra‑
tion and 4‑6 weeks after the initiation of ICI therapy.

In our department, the treatment strategy for R/M‑OSCC 
is guided by platinum sensitivity. For platinum‑resistant 
cases, nivolumab was administered intravenously at a dose of 
3 mg/kg (between 2017 and September 2018) and at 240 mg 
every two weeks (from October 2018 to February 2025). For 
platinum‑sensitive cases, pembrolizumab was used either as 
monotherapy or in combination therapy. In platinum‑sensitive 
patients with adequate tolerance for combination therapy 
involving platinum agents and 5‑fluorouracil (5‑FU), treat‑
ment selection was based on the CPS. Specifically, PD‑L1 
expression was evaluated using immunohistochemistry 
with the Dako 22C3 pharmDx assay on formalin‑fixed, 
paraffin‑embedded tumor specimens. The CPS was calculated 
by dividing the number of PD‑L1‑positive cells (including 
tumor cells, lymphocytes, and macrophages) by the total 
number of viable tumor cells, then multiplying by 100. A CPS 
of ≥1 was considered positive, in accordance with established 
diagnostic criteria. All CPS evaluations were conducted 
by board‑certified oral pathologists with expertise in head 
and neck malignancies. Pembrolizumab monotherapy was 
administered if CPS was ≥20%, while pembrolizumab was 
combined with cisplatin (80 mg/m²) and 5‑FU (800 mg/m²) for 
CPS values of 1‑19 and <1%, respectively. However, treatment 
decisions were made comprehensively, considering factors 
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such as age, comorbidities, tumor growth rate, and overall 
performance status. In cases where patients were unable 
to tolerate platinum‑based agents or 5‑FU, pembrolizumab 
monotherapy or the EXTREME regimen was considered as 
alternative treatment options. Following the discontinuation 
of ICIs, subsequent chemotherapy was administered at the 
physician's discretion. 

Treatment efficacy was assessed using the Response 
Evaluation Criteria in Solid Tumors version 1.1 (34). Following 
the administration of ICIs, imaging studies, including 
computed tomography, magnetic resonance imaging, and 
F‑fluorodeoxyglucose positron emission tomography, were 
performed every two to three months or as clinically indi‑
cated. The DCR was calculated as the sum of the complete 
response (CR), partial response (PR), and stable disease (SD) 
rates. OS was defined as the time from the first day of ICI 
administration to the date of death or the date of the final 
analysis (February 1, 2025), whichever was earlier. PFS was 
defined as the time from the first day of ICI administration to 
the date of disease progression or death.

Statistical analysis. To determine the cutoff values of 
biomarkers before and after treatment, receiver operating 
characteristic (ROC) curves were constructed for disease 
control (CR + PR + SD). OS and PFS were compared using the 
log‑rank test and Kaplan‑Meier survival curves. P‑values were 
calculated using the log‑rank test. Univariate and multivariate 
analyses were conducted to identify prognostic factors, with 
the multivariate analysis performed using the Cox proportional 
hazards model to determine predictors of OS and PFS. P<0.05 
was considered to indicate a statistically significant difference. 
P‑values were determined using chi‑square tests to assess the 
association between categorical variables. In cases with small 
sample sizes or expected cell counts, Fisher's exact test was 
employed to ensure accurate statistical inference. All statis‑
tical analyses were performed using SPSS Statistics (version 
30.0; IBM Corp., Armonk, NY, USA).

Ethics statements. This study was conducted in accordance 
with the principles of The Declaration of Helsinki and was 
approved by the Ethics Committee of Hiroshima University 
(approval no. E2024‑0196). The requirement for informed 
consent was waived by the Ethics Committee owing to the 
retrospective design of the study. 

Results

Patient characteristics and treatment outcomes. A total of 
45 patients were enrolled in the study (Table SI). The age 
of the patients ranged from 35 to 84 years, with a median of 
67 years. The cohort consisted of 29 (64%) males and 16 (36%) 
females. Regarding ECOG PS, 34 patients had a PS of 0, six 
had a PS of 1, one had a PS of 2, and four had a PS of 3. The 
primary tumor site was predominantly the tongue, observed 
in 24 (53%) patients. Other primary sites included the maxil‑
lary gingiva in six (13%) patients, mandibular gingiva in five 
(11%) patients, and buccal mucosa and floor of the mouth in 
four (9%) patients each. At the initial diagnosis, four patients 
were classified as stage I, 13 as stage II, three as stage III, 
and 24 as stage IV. Nivolumab was administered to 23 (51%) 

patients, while pembrolizumab was used in 22 (49%) patients. 
Surgical resection was performed as the initial treatment in 42 
(93%) patients, and radiotherapy was administered to 39 (87%) 
patients. Of the 42 patients who underwent surgery, 41 had 
neck dissections, and one had surgery on the primary tumor. 
In the one case, the patient discontinued outpatient follow‑up 
after primary tumor resection. Upon re‑presentation, disease 
progression was observed, and curative surgery was considered 
unfeasible due to local recurrence and cervical lymph node 
metastasis. Therefore, treatment with an ICI was initiated. 
Regarding target lesions, distant metastases were present in 
21 (47%) patients, whereas 12 (27%) patients had local residual 
disease. CPS expression of ≥ 20% was observed in 29 (64%) 
patients. Regarding ICI administration, monotherapy was 
used in 33 (73%) patients, while 12 (27%) patients received 
combination therapy with chemotherapy.

The number of ICI administrations ranged from one to 68, 
with a median of five (Table SII). Treatment efficacy was eval‑
uated according to the Response Evaluation Criteria in Solid 
Tumors criteria. CR was observed in four (9%) patients, PR in 
six (13%) patients, SD in five (11%) patients, and progressive 
disease in 30 (67%) patients. The ORR, calculated as the sum 
of CR and PR, was 22%, while the DCR, defined as the sum of 
CR, PR, and SD, was 33%. irAEs occurred in 13 (29%) patients. 
The most common irAE was thyroid dysfunction, observed in 
four (9%) patients, followed by interstitial pneumonia in three 
(7%) patients and colitis in two (4%) patients. Other reported 
adverse events included dermatologic disorders, interstitial 
nephritis, hypopituitarism, neurological impairment, atrial 
fibrillation, and acute kidney failure.

Survival analysis for OS and PFS after ICI administration. 
Figure 1 presents the results of OS analysis. In the overall 
cohort of ICI‑treated patients, the 1‑year survival rate was 
40%, 2‑year survival rate was 22%, and median OS was 
8.1 months [95% confidence interval (CI): 5.2‑14.2] (Fig. 1A). 
For patients receiving ICI monotherapy, the median OS was 
7.5 months (95% CI: 016.2), whereas for those receiving 
ICI in combination with chemotherapy, the median OS was 
9.7 months (95% CI: 7.1‑12.2), with a log‑rank test P‑value of 
0.788 (Fig. 1B).

For patients treated with nivolumab, the median OS was 
7.5 months (95% CI: 0‑17.3), whereas for those treated with 
pembrolizumab, the median OS was 9.7 months (95% CI: 
5.2‑14.2), with a P‑value of 0.707 (Fig. 1C). Among patients 
treated with pembrolizumab, those receiving chemotherapy 
alone had a median OS of 6.6 months (95% CI: 0‑14.5), whereas 
those receiving pembrolizumab in combination with chemo‑
therapy had a median OS of 9.7 months (95% CI: 7.2‑12.2) 
(Fig. 1D). Similar to the findings of the KEYNOTE‑048 trial, 
a trend toward prolonged OS was observed with the addition 
of chemotherapy. The one‑year and two‑year PFS rates for all 
patients were 34 and 6.7%, respectively, with a median PFS of 
5.3 months (Fig. 1E).

Figure 2 illustrates the OS according to CPS values. In 
patients with CPS <1, the median OS was 4.3 months (95% 
CI: 2.9‑5.7), whereas for those with CPS between 1 and <20, 
the median OS was 9.8 months (95% CI: 6.4‑13.2). For patients 
with CPS ≥20, the median OS was 9.7 months (95% CI: 0‑19.4), 
with a P‑value of 0.123 (Fig. 2A).

https://www.spandidos-publications.com/10.3892/ol.2025.15249
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Figure 1. Kaplan‑Meier curves for OS. (A) OS of the ICI‑treated cohort, (B) OS of patients receiving ICI monotherapy or in combination with chemotherapy, 
(C) OS of patients treated with nivolumab or pembrolizumab, (D) OS of patients treated with pembrolizumab or in combination with chemotherapy, and 
(E) PFS of the ICI‑treated cohort. ICI, immune checkpoint inhibitor; OS, overall survival; PFS, progression‑free survival; CI, confidence interval; CT, chemo‑
therapy; Nivo, nivolumab; Pem, pembrolizumab.
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Furthermore, in patients treated with pembrolizumab, those 
with CPS between 1 and <20 had a median OS of 8.9 months, 
whereas those with CPS ≥20 had a median OS of 17.0 months 
(95% CI: 0‑34.6) (P=0.287) (Fig. 2B). Compared with patients 
with CPS <1, those with CPS ≥1 tended to have a prolonged 
median OS (Fig. 2A‑C).

Cutoff values for pre‑ and post‑treatment markers according 
to ROC curve. ROC curves were constructed to assess the 
discriminatory ability of biomarkers before and after treat‑
ment, and the area under the curve (AUC) was calculated 
(Fig. S1). The AUC values for pre‑treatment markers were as 
follows: 0.53802 for pre‑NLR, 0.4735 for pre‑LMR, 0.59217 

Figure 2. Comparison of OS by CPS values. (A) OS according to CPS values, (B) OS by CPS values in patients treated with pembrolizumab, and (C) OS by 
CPS values in patients treated with nivolumab. CPS, combined positive score; OS, overall survival.

https://www.spandidos-publications.com/10.3892/ol.2025.15249
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for pre‑PNI, 0.50691 for pre‑PLR, 0.39516 for pre‑CAR, 
0.55876 for pre‑eosinophils, and 0.58641 for pre‑lymphocytes. 
In contrast, the AUC values for post‑treatment markers were 
0.76959 for post‑NLR, 0.68779 for post‑LMR, 0.69585 for 
post‑PNI, 0.64747 for post‑PLR, 0.73618 for post‑CAR, 
0.51382 for post‑eosinophils, and 0.69935 for post‑lympho‑
cytes. Among all markers evaluated before and after treatment, 
post‑treatment NLR demonstrated the highest AUC of 0.76959, 
with a cutoff value of 7.17 (Table SIII).

Univariate and multivariate analyses results of prognostic 
factors for OS and PFS. We evaluated the impact of various 
factors on OS, including age, sex, ECOG PS, type of ICI, pres‑
ence or absence of irAEs, ICI combination therapy, history of 
radiotherapy, body mass index (BMI) based on cutoff values 
calculated from the ROC curve, CPS value, DCR, and primary 
site (tongue vs. other), as shown in Table  I. In univariate 
analysis, a higher ECOG PS was associated with poorer 
OS [hazard ratio (HR)=2.50; 95% CI=1.17‑5.33; P=0.0185], 
and patients with PD as the efficacy of ICI had poorer OS 
(HR=4.30; 95% CI=1.79‑10.33; P=0.0011). Conversely, in 
multivariate analysis, male sex was associated with poorer OS 
(HR=3.37; 95% CI=1.11‑10.19; P=0.0316), and patients with 
PD as the efficacy of ICI demonstrated poorer OS (HR=6.96; 
95% CI=1.80‑27.03; P=0.0050). 

In the univariate analysis of the same variables for PFS, 
ECOG PS, a history of radiotherapy, and DCR showed signifi‑
cant differences. Specifically, higher ECOG PS was associated 
with poorer PFS (HR=4.64; 95% CI=2.01‑10.72; P=0.0003), 
while patients without prior radiotherapy exhibited poorer PFS 
(HR=2.57; 95% CI=1.03‑6.44; P=0.043). Additionally, patients 
with PD as a response to ICI were associated with poor PFS 
(HR=5.54; 95% CI=2.15‑14.27; P=0.0004). In the multivariate 
analysis, male sex was associated with poorer PFS (HR=3.86; 
95% CI=1.32‑11.31; P=0.0138). Furthermore, patients treated 
with nivolumab demonstrated poorer PFS (HR=11.75; 95% 
CI=2.68‑51.49; P=0.0011), and those with PD as a response 
to ICI were also associated with poor PFS (HR=9.15; 95% 
CI=2.38‑35.14; P=0.0013). Lastly, patients with primary 
tumors located in sites other than the tongue demonstrated 
significantly shorter PFS than those with tongue cancers 
(HR=4.87; 95% CI=1.51‑15.72; P=0.0081) (Table SIV).

Univariate and multivariate analyses results of pre‑ and 
post‑treatment factors for OS and PFS. Univariate analysis was 
performed to evaluate the association between pre-treatment 
factors, including age, sex, ECOG PS, CPS value, ICI 
combination, prior radiotherapy, BMI, and IBPS markers, 
encompassing both pre‑treatment and post‑treatment values 
for NLR, LMR, PNI, PLR, CAR, eosinophils, lymphocytes, 
and mGPS, and post‑treatment factors, including the presence 
of irAE and IBPS markers, with OS and PFS as endpoints 
(Tables II and SV). Regarding OS, only a higher ECOG PS 
was associated with poor OS (HR=2.50; 95% CI=1.17‑5.33; 
P=0.0185), and no significant differences were observed in 
pre‑IBPS markers in the univariate analysis. Multivariate 
analysis indicated that pre‑IBPS markers were not associated 
with prognosis; only sex and BMI were significantly linked to 
poor OS (Table II). However, 4‑6 weeks after ICI administra‑
tion, significant differences were found in NLR, PNI, CAR, 

and mGPS in the univariate analysis. Specifically, higher NLR 
(HR=2.15; 95% CI=1.07‑4.33; P=0.034), lower PNI (HR=4.02; 
95% CI=1.98‑8.18; P=0.0002), higher CAR (HR=2.98; 95% 
CI=1.46‑6.06; P=0.0025), and a mGPS of 1 (HR=2.26; 95% 
CI=1.02‑5.05; P=0.0341) were associated with poorer OS. 
Additionally, higher NLR (HR=4.17; 95% CI=1.12‑15.57; 
P=0.0337) and lower PNI (HR=3.92; 95% CI=1.44‑10.64; 
P=0.0073) were associated with poorer OS in multivariate 
analysis. 

For PFS, no significant differences were observed prior 
to ICI administration. Moreover, in univariate analysis, 
pre‑IBPS markers showed no association with prognosis, 
though significant differences were noted in ECOG PS and 
history of radiotherapy. In multivariate analysis, pre‑IBPS 
markers were not associated with prognosis; only sex was 
significantly correlated with poorer PFS. However, four to six 
weeks after ICI administration, significant differences were 
observed in NLR, PNI, and CAR. Higher NLR (HR=2.21; 
95% CI=1.14‑4.29; P=0.014), lower PNI (HR=3.25; 95% 
CI=1.61‑6.55; P=0.0015), and higher CAR (HR=2.93; 95% 
CI=1.44‑5.96; P=0.0029) were associated with poorer 
PFS. Moreover, significant differences were observed in 
NLR, LMR, and PNI in multivariate analysis. Higher NLR 
(HR=3.80; 95% CI=1.11‑13.02; P=0.00339), lower PNI 
(HR=2.96; 95% CI=1.08‑8.06; P=0.0342), and higher LMR 
(HR=4.02; 95% CI=1.14‑14.18; P=0.0304) were associated 
with poorer PFS (Table SV). 

Univariate analysis results for prognostic factors for the 
DCR. A univariate analysis was conducted to evaluate factors 
influencing the DCR (Table SVI). Significant differences 
were observed in ECOG PS (P=0.0018), CPS (P=0.007), 
BMI (P=0.032), and history of radiotherapy (P=0.027). The 
relationship between each IBPS item immediately prior to 
ICI administration and DCR was analyzed, but no significant 
differences were observed for any of the items (Table SVI). 
In contrast, when the relationship between post‑treatment 
IBPS items and DCR was analyzed four to six weeks after 
ICI administration, significant differences were found in 
post‑NLR (P=0.0006), post‑LMR (P=0.0065), post‑PNI 
(P=0.0358), post‑PLR (P=0.0396), post‑CAR (P=0.0062), and 
post‑lymphocytes (P=0.0321).

Kaplan‑Meier curves of overall survival according to each 
IBPS. Using the cutoff values determined from the ROC curve 
for each IBPS marker before and after treatment, patients were 
divided into two groups: High and Low. Then, Kaplan‑Meier 
survival curves were generated with OS as the endpoint. 
Significant differences in OS were observed for the following 
markers: pre‑NLR (P=0.004), pre‑LMR (P<0.001), pre‑PLR 
(P=0.008), pre‑CAR (P=0.001), pre‑lymphocytes (P=0.022), 
post‑NLR (P=0.042), post‑LMR (P=0.036), and post‑lympho‑
cytes (P=0.007) (Fig. 3).

In the Pre‑NLR group, a significant difference in OS 
was observed between the Low group (NLR <7.17) and the 
High group (NLR ≥7.17) (P=0.042) (Fig. 3A). Similarly, in 
the Pre‑LMR group, the Low group (LMR <1.29) and the 
High group (LMR ≥1.29) showed a significant difference 
(P<0.001) (Fig.  3B). However, no significant difference 
was found in the Pre‑PNI group between the Low group 
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(PNI <43.75) and the High group (PNI ≥43.75) (P=0.218) 
(Fig. 3C). In the Pre‑PLR group, OS differed significantly 
between the Low group (PLR <453.5) and the High group 
(PLR ≥453.5) (P=0.008) (Fig. 3D). In the Pre‑CAR group, 
a significant difference was found between the Low group 
(CAR <6.35) and the High group (CAR ≥6.35) (P=0.001) 
(Fig.  3E). Conversely, in the Pre‑eosinophil group, no 
significant difference in OS was observed between the Low 
group (eosinophils <120/µl) and the High group (eosinophils 

≥120/µl) (P=0.381) (Fig. 3F). A significant difference was 
observed in the Pre‑lymphocytes group between the Low 
group (lymphocytes <670/µl) and the High group (lympho‑
cytes ≥670/µl) (P=0.022) (Fig. 3G).

Regarding post‑treatment IBPS markers, in the Post‑NLR 
group, a significant difference in OS was found between the Low 
group (NLR <4.7) and the High group (NLR ≥4.7) (P=0.042) 
(Fig. 3H). In the Post‑LMR group, the Low group (LMR <1.23) 
and the High group (LMR ≥1.23) also showed a significant 

Table I. Univariate and multivariate analysis of prognosis factors for OS.

	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Number	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age, years							     
  <65	 20	 Ref.					   
  ≥65	 25	 1.06	 0.53‑2.14	 0.864			 
Sex							     
  Male	 29	 1.46	 0.70‑3.04	 0.298	 3.37	 1.11‑10.19	 0.0316a

  Female	 16	 Ref.					   
ECOG PS							     
  0	 34	 Ref.					   
  ≥1	 11	 2.50	 1.17‑5.33	 0.0185a	 		
ICI							     
  Nivolumab	 23	 1.14	 0.57‑2.28	 0.707			 
  Pembrolizumab	 22	 Ref.					   
irAE							     
  Positive	 13	 Ref.					   
  Negative	 32	 1.18	 0.47‑2.96	 0.736			 
ICI combination							     
  Monotherapy	 33	 Ref.					   
  With chemotherapy	 12	 1.09	 0.41‑2.86	 0.865			 
Radiation							     
  Previously	 39	 Ref.					   
  No	 6	 2.09	 0.82‑5.28	 0.146			 
BMI, kg/m2	 						    
  <18.37	 20	 1.57	 0.69‑3.14	 0.200			 
  ≥18.37	 25	 Ref.					   
CPS							     
  <20	 8	 1.18	 0.47‑2.96	 0.736			 
  ≥20	 29	 Ref.					   
DCR							     
  CR/PR/SD	 15	 Ref.					   
  PD	 40	 4.30	 1.79‑10.33	 0.0011a	 6.96	 1.80‑27.03	 0.0050a

Primary site							     
  Tongue	 24	 Ref.					   
  Otherwise	 21	 1.34	 0.67‑2.67	 0.403			 

aIndicates a significant difference among groups with P<0.05. OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; ICI, immune checkpoint inhibitor; BMI, body mass index; CPS, Combined Positive Score; DCR, Disease Control Rate; 
CR, Complete Response; PR, partial response; SD, stable disease; PD, progressive disease; HR, hazard ratio; CI, confidence interval; Ref, 
Reference.
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Table II. Univariate and multivariate analysis of pre‑ and post‑treatment factors for OS.

A, Pre‑treatment factors							     

	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Number	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age, years							     
  <65	 20	 Ref.					   
  ≥65	 25	 1.06	 0.53‑2.14	 0.864			 
Sex							     
  Male	 29	 1.46	 0.70‑3.04	 0.298	 4.11	 1.50‑11.24	 0.0059a

  Female	 16	 Ref.					   
ECOG PS							     
  0	 34	 Ref.					   
  ≥1	 11	 2.50	 1.17‑5.33	 0.0185a	 		
CPS							     
  <20	 8	 1.18	 0.47‑2.96	 0.736			 
  ≥20	 29	 Ref.					   
ICI 
combination							     
  Mono	 33	 Ref.					   
  With	 12	 1.09	 0.41‑2.86	 0.865			 
  chemotherapy
Radiation							     
  Previously	 39	 Ref.					   
  No	 6	 2.09	 0.82‑5.28	 0.146			 
BMI, kg/m2	 						    
  <18.37	 20	 1.57	 0.69‑3.14	 0.200	 3.33	 1.22‑9.08	 0.0188a

  ≥18.37	 25	 Ref.					   
Pre‑NLR							     
  <4.7	 16	 Ref.					   
  ≥4.7	 29	 1.42	 0.69‑2.90	 0.338			 
Pre‑LMR							     
  <1.29	 32	 1.73	 0.88‑3.40	 0.123			 
  ≥1.29	 13	 Ref.					   
Pre‑PNI							     
  <43.75	 30	 1.31	 0.69‑2.48	 0.397			 
  ≥43.75	 15	 Ref.					   
Pre‑PLR							     
  <453.5	 31	 Ref.					   
  ≥453.5	 14	 1.18	 0.62‑2.29	 0.630			 
Pre‑CAR							     
  <6.35	 43	 Ref.					   
  ≥6.35	 2	 4.33	 0.99‑18.99	 0.100			 
Pre‑eosinophil							     
  <120	 18	 Ref.					   
  ≥120	 27	 1.21	 0.65‑2.22	 0.550			 
Pre‑lymphocytes							     
  <670	 29	 1.09	 0.52‑2.31	 0.822			 
  ≥670	 16	 Ref.					   
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difference (P=0.036) (Fig. 3I). No significant difference was 
found in the Post‑PNI group between the Low group (PNI <36.6) 
and the High group (PNI ≥36.6) (P=0.713) (Fig. 3J). Similarly, no 
significant difference was observed in the Post‑PLR group (Low: 
PLR <221.1, High: PLR ≥221.1, P=0.493) (Fig. 3K), Post‑CAR 
group (Low: CAR <0.44, High: CAR ≥0.44, P=0.309) (Fig. 3L), 
and the Post‑eosinophil group (Low: eosinophils <260/µl, 
High: eosinophils ≥260/µl, P=0.147) (Fig. 3M). However, in the 
Post‑lymphocytes group, a significant difference was observed 
between the Low group (lymphocytes <770/µl) and the High 
group (lymphocytes ≥770/µl) (P=0.007) (Fig. 3N). No significant 
difference was found between the Post‑mGPS=0 group and the 
Post‑mGPS=1 group (P=0.577) (Fig. 3O).

Discussion

In this study, pre‑treatment IBPS values did not show signifi‑
cant associations with OS or PFS. However, post‑ICI treatment 
values for NLR, PNI, CAR, and mGPS were significantly 
correlated with OS. Similarly, post‑treatment values for NLR, 
PNI, and CAR were significantly associated with PFS. While 
no significant association was observed between pre‑treatment 
IBPS values and the DCR, post‑treatment values of NLR, 
LMR, PNI, PLR, and CAR were significantly correlated with 
DCR. Survival analysis using Kaplan–Meier curves, with 
cutoff values derived from ROC analysis, revealed that high 
NLR, low LMR, high PLR, high CAR, and low lymphocyte 

Table II. Continued.

B, Post‑treatment factors							     

	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Number	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

irAE							     
  Positive	 13	 Ref.					   
  Negative	 32	 1.18	 0.47‑2.96	 0.736			 
Post‑NLR							     
  <7.17	 22	 Ref.					   
  ≥7.17	 23	 2.15	 1.07‑4.33	 0.034a	 4.17	 1.12‑15.57	 0.0337
Post‑LMR							     
  <1.23	 15	 1.40	 0.66‑2.97	 0.386			 
  ≥1.23	 30	 Ref.					   
Post‑PNI							     
  <36.6	 16	 4.02	 1.98‑8.18	 0.0002a	 3.92	 1.44‑10.64	 0.0073
  ≥36.6	 29	 Ref.					   
Post‑PLR							     
  <221.1	 13	 Ref.					   
  ≥221.1	 32	 1.34	 0.62‑2.91	 0.442			 
Post‑CAR							     
  <0.44	 22	 Ref.					   
  ≥0.44	 23	 2.98	 1.46‑6.06	 0.0025a	 		
Post‑eosinophil							     
  <260	 32	 1.00	 0.46‑2.20	 0.991			 
  ≥260	 13	 Ref.					   
Post‑lymphocytes							     
  <770	 21	 1.26	 0.62‑2.56	 0.529			 
  ≥770	 25	 Ref.					   
Post‑mGPS							     
  0	 13	 Ref.					   
  1	 33	 2.26	 1.02‑5.05	 0.0341a	 		

aIndicates a significant difference among groups with P<0.05. OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; CPS, Combined Positive Score; ICI, Immune Checkpoint Inhibitor; BMI, body mass index; NLR, neutrophil‑to‑lymphocyte ratio; LMR, 
lymphocyte‑to‑monocyte ratio; PNI, prognostic nutritional index; PLR, platelet‑to‑lymphocyte ratio; CAR, C‑reactive protein‑to‑albumin 
ratio; HR, hazard ratio; CI, confidence interval.
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counts prior to ICI administration were associated with shorter 
OS. Furthermore, high NLR, low LMR, and low lymphocyte 
counts following ICI administration were significantly associ‑
ated with shorter OS.

NLR is a marker of systemic inflammation and has been 
reported as a prognostic factor in various cancers, including 
R/M‑OSCC (26‑30). In our study, post‑ICI NLR demonstrated 
the highest predictive accuracy (AUC=0.7696), with patients 
exhibiting NLR ≥7.17 having significantly shorter OS than 
those with NLR <7.17. An elevated NLR reflects an increase 
in neutrophils and a decrease in lymphocytes, suggesting 
tumor‑associated inflammation and immune suppression (35). 
Several studies have reported that an increase in TILs is 
associated with a favorable prognosis (29,30). The mechanism 
underlying the association between elevated NLR and poor 
prognosis may be attributed to the inflammatory response, in 

which increased neutrophil production promotes tumor prolif‑
eration, invasion, and angiogenesis by inducing the secretion 
of chemokines and cytokines, further enhancing tumor‑associ‑
ated inflammation and suppressing anti‑tumor immunity.

CAR is a marker that reflects systemic inflammation and 
nutritional status. In patients with a high CAR, elevated inflam‑
matory cytokines stimulate CRP production while inhibiting 
albumin synthesis and accelerating its degradation, signaling 
the progression of cachexia (36‑38). In head and neck squa‑
mous cell carcinoma, high interleukin‑6 (IL‑6) expression 
has been reported, and IL‑6 signaling promotes immunosup‑
pression and tumor progression (39,40). Local and systemic 
increases in IL‑6 correlate with elevated CRP concentrations 
across various cancers (41,42). In our study, a high CAR was 
associated with a poor prognosis, highlighting its potential as 
an important prognostic marker for patients with squamous 

Figure 3. Continued.
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cell carcinoma undergoing chemoradiotherapy or cytotoxic 
chemotherapy.

Similarly, mGPS, calculated based on serum albumin 
and CRP levels  (43), has been recognized as a prognostic 
factor for patients with recurrent or metastatic head and neck 
cancer  (44‑48). Consistent with these findings, our study 
also demonstrated a significant association between post‑ICI 
mGPS values and OS.

PLR, another hematological inflammatory marker, is 
calculated from platelet and lymphocyte counts. Platelets, 
similar to neutrophils, play a key role in inflammation and are 
often elevated in patients with chronic inflammation associated 
with solid tumors (49,50). Elevated platelet counts have been 
linked to cancer progression, making PLR a promising predic‑
tive marker for tumor progression  (31,32). Several studies 
have suggested that preoperative PLR values are valuable for 

prognosis prediction in gastrointestinal cancers, and more 
recent research has highlighted its potential for predicting the 
efficacy of systemic chemotherapy (14).

PNI, calculated using albumin levels and lymphocyte 
counts, reflects nutritional and immunological statuses (51). 
Previous studies have demonstrated that pre‑ICI PNI is 
associated with the efficacy of ICIs in advanced or recurrent 
non‑small cell lung cancer (52). Given the strong relationship 
between immune function and nutritional status, low PNI 
values are typically associated with poor prognosis. Our study 
further corroborates this, demonstrating that low PNI values 
are associated with reduced ICI efficacy and worse prognosis.

Notably, in our study, the AUC of nearly all hematological 
markers improved after treatment compared with pre‑treatment 
values. This suggests that post‑treatment values may serve as 
more reliable prognostic indicators in patients receiving ICI 

Figure 3. Continued.
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therapy. Matsuo et al reported that pre‑treatment IBPSs were 
insufficient for predicting prognosis in patients with R/M‑head 
and neck squamous cell carcinoma, while post‑nivolumab GPS, 
NLR, CAR, and eosinophil counts were significantly associated 
with survival outcomes (48). Similarly, Tachinami et al empha‑
sized the importance of post‑treatment IBPS, including NLR, 
CAR, and PLR, in predicting prognosis in R/M‑OSCC (53). Our 
findings are consistent with those of these studies, suggesting 
that post‑treatment data could be instrumental in predicting 
treatment response, enabling the early identification of patients 
with poor responses to ICI therapy and allowing for timely 
transition to alternative treatment strategies. In this study, the 
AUC values of biomarkers such as NLR, PNI, and CAR were 
below 0.8. While an AUC above 0.8 is considered to indicate 
high predictive accuracy, biomarkers with AUC values between 
0.6 and 0.8 can still be clinically useful (54,55). Especially in 
patients with R/M‑OSCC undergoing ICI therapy, the tumor 
immune microenvironment is complex, and it is challenging 
to predict prognosis with a single biomarker alone. In our 
analysis, even though the AUC values were moderate, NLR 
and PNI were found to be independent prognostic factors in 
multivariable analysis. Therefore, these markers may still 
have clinical value in supporting treatment decisions. Further 
improvements in predictive performance may be achieved by 
developing composite models that integrate multiple clinical 
and biological factors. Recent studies have identified several 
factors influencing the efficacy of ICIs, including irAEs, BMI, 
history of radiotherapy, ECOG PS, and CPS for PD‑L1 expres‑
sion (38,48,56‑60). In our study, sex and BMI were significant 
predictors of OS, whereas sex, ICI type, presence of irAEs, and 
BMI were significant predictors of PFS. Additionally, ECOG 
PS, CPS values, BMI, and radiotherapy history were signifi‑
cantly associated with DCR.

In addition to hematological biomarkers such as IBPS, 
various other factors have been proposed as potential predic‑
tors of response to ICIs. Given the accessibility of peripheral 
blood samples, numerous studies have analyzed circulating 
cytokine levels, including tumor necrosis factor‑alpha, 
interferon‑γ (IFN‑γ), IL‑6, IL‑8, and transforming growth 
factor‑β (TGF‑β) (61‑63). Elevated IFN‑γ levels have been 
associated with improved ICI efficacy and toxicity, while 
higher baseline levels of IL‑8, IL‑6, and TGF‑β have been 
identified as negative predictive markers. However, the extent 
to which these circulating factors accurately reflect the tumor 
microenvironment remains debatable. Additionally, studies 
have indicated that a high neoantigen burden correlates with 
better treatment outcomes (64), whereas genetic mutations 
(e.g., epidermal growth factor receptor, KRAS, PTEN, TP53) 
and dysregulation of the Wnt signaling pathway may impact 
ICI response (65‑69). Moreover, the use of corticosteroids, 
antibiotics, or proton pump inhibitors influences ICI efficacy, 
potentially through alterations in gut microbiota composi‑
tion (70‑72). Future research should aim to integrate these 
molecular, clinical, and therapeutic factors to optimize patient 
selection and enhance treatment strategies for ICI therapy.

One major limitation of this study is the small sample size, 
particularly after stratification into subgroups. This limitation is 
inherent to the retrospective design and the rarity of patients with 
R/M‑OSCC treated with ICIs at a single institution. Although the 
limited cohort size reduced statistical power, we were still able 
to identify consistent trends in the performance of prognostic 
and predictive biomarkers, especially for NLR and PNI. These 
results aligned with those of previous reports (31,32,48,53) and 
suggest that inflammation‑ and nutrition‑based biomarkers may 
provide meaningful clinical insights, even in smaller popula‑
tions. In addition, potential selection biases related to treatment 

Figure 3. Kaplan‑Meier curves of OS according to each inflammation‑based prognostic score. OS according to the (A) pre‑NLR (A), (B) pre‑LMR, (C) pre‑PNI, 
(D) pre‑PLR, (E) pre‑CAR, (F) pre‑Eo, (G) pre‑Ly, (H) post‑NLR, (I) post‑LMR, (J) post‑PNI, (K) post‑PLR, (L) post‑CAR, (M) post‑Eo, (N) post‑Ly and (O) 
post‑mGPS. CAR, C‑reactive protein‑to‑albumin ratio; Eo, eosinophils; LMR, lymphocyte‑to‑monocyte ratio; Ly, lymphocytes; mGPS, modified Glasgow 
Prognostic Score; NLR, neutrophil‑to‑lymphocyte ratio; OS, overall survival; PLR, platelet‑to‑lymphocyte ratio; PNI, prognostic nutritional index.
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history, clinical stage, and histological type were not fully 
controlled. Thus, further validation in prospective, multi‑center 
studies with larger cohorts is essential to confirm our findings 
and develop robust predictive models. This study primarily 
aimed to identify pre‑treatment biomarkers predictive of ICI 
efficacy in R/M‑OSCC. While we also evaluated post‑treatment 
biomarkers, their prognostic value seemed limited, likely due 
to their reflection of early treatment dynamics rather than base‑
line tumor biology. Nevertheless, post‑treatment biomarkers 
assessed 4–6 weeks after ICI initiation showed potential for 
early prediction of treatment efficacy, which may help identify 
non‑responders and guide timely treatment modifications. As 
our study did not include a control group receiving alternative 
treatments such as chemotherapy or targeted agents, the gener‑
alizability of our findings across different treatment modalities 
remains uncertain. Future prospective, multi‑arm studies are 
warranted to evaluate the prognostic consistency of these 
biomarkers and to determine whether post‑treatment markers 
retain predictive value independent of treatment type.

In conclusion, our study demonstrated that post‑ICI values 
of NLR, PNI, CAR, and mGPS were significantly associated 
with survival outcomes in patients with R/M‑OSCC. While 
pre‑treatment IBPS values did not demonstrate significant 
associations with DCR, post‑ICI values of NLR, LMR, PNI, 
PLR, and CAR exhibited significant correlations. These find‑
ings suggest that hematological biomarkers, including IBPS, 
may serve as valuable predictors of ICI treatment efficacy. Early 
prediction of ICI response and timely adjustments to treatment 
may lead to improved prognosis and the early identification of 
patients who could benefit from sequential treatment. 
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