
Abstract. Background/Aim: The inflammation-based
prognostic score (IBPS) has attracted attention recently as a
prognostic biomarker for head and neck cancer patients.
However, as the IBPS often changes after anticancer drug
therapy, its independent prognostic value remains
controversial. We aimed to investigate the relationship
between the IBPS and prognosis in recurrent and/or
metastatic head and neck squamous cell carcinoma
(RMHNSCC) treated with nivolumab, and investigate
changes in the IBPS before and after nivolumab treatment.
Patients and Methods: Total of 164 patients with RMHNSCC
received nivolumab therapy were retrospectively analyzed.
Results: Univariate analysis among the 164 patients revealed
that the performance status (PS), immune-related adverse
event (irAE) status, pre- and post-therapy Glasgow
Prognostic Score (GPS), neutrophil-to-lymphocyte ratio
(NLR), C-reactive protein-to-albumin ratio (CAR), platelet-
to-lymphocyte ratio (PLR), and post-eosinophil count, were
all significant predictors of overall survival (OS) (p<0.05).
A multivariate analysis revealed that PS, irAEs, post-GPS,
post-NLR, post-CAR, and post-eosinophil count were
independent prognostic factors for overall survival.
Conclusion: Post-treatment factors were identified as

independent prognostic factors for RMHNSCC and can more
accurately predict prognosis compared to nivolumab-treated
RMHNSCC pre-treatment factors.

In the past decade, new anticancer agents have led to an
improved survival for recurrent and/or metastatic head and
neck squamous cell carcinoma (RMHNSCC). The anti-
EGFR antibody cetuximab and the immune checkpoint
inhibitors (ICIs), nivolumab/pembrolizumab, are new types
of palliative anti-cancer drug therapy for patients with
RMHNSCC (1-3) with positive outcomes.

Due to such an increase in options available for anti-cancer
drug therapy, it has become more important than ever to
establish an approach to select the most effective drugs for
each patient. In recent years, biomarkers, such as the ones
predicting patient’s responses to a particular treatment as well
as the ones predicting the course of the disease, have been
garnering attention for the evaluation of cancer drug selection
(4). Widely known predictive markers include pathological
factors, such as programmed cell death 1- ligand 1 (PDL-1)
and epidermal growth factor receptor (EGFR), and their
values can be used to infer, to some extent, which drugs will
be effective or ineffective (5, 6). Vital signs, such as the
Eastern Cooperative Oncology Group performance status
(PS) and staging systems, using image data and blood sample
analysis, are also known as biomarkers, in a broad sense (4).
These are  biological factors independent of pathological
characteristics and play a large role as prognostic biomarkers.
In particular, the inflammation-based prognostic score (IBPS),
which is obtained from hematological biomarkers based on
the systemic inflammatory response (SIR), has been attracting
attention in recent years as a prognostic biomarker for cancer
patients (7, 8).

In previous studies (9-16), information obtained from
hematological biomarkers, including the IBPS, demonstrated
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their usefulness as prognostic factors for HNSCC. A number
of prognostic values, such as the Glasgow Prognostic Score
(GPS) (9), neutrophil-to-lymphocyte ratio (NLR) (10, 11),
C-reactive protein (CRP)-to-albumin ratio (CAR) (12),
platelet-to-lymphocyte ratio (PLR) (13,14), and eosinophil
count (15, 16) associated with the systemic inflammatory
response in cancer patients, have been established, and a
high GPS, NLR, CAR, and PLR and a low eosinophil count
have been reported to be related to poor prognosis in cancer
patients (9-16). However, the levels of inflammatory markers
reportedly change during treatment (17).

In the present study, we investigated the relationship
between the IBPS, including the GPS, NLR, CAR, PLR, and
eosinophil count, and the overall survival (OS) in
RMHNSCC patients treated with nivolumab. Furthermore,
we also examined the changes in the IBPS after nivolumab
administration to assess the impact nivolumab treatment has
on the IBPS.

Patients and Methods
Patients. A total 164 patients with RMHNSCC, who received
nivolumab therapy from April 2017 to March 2020, were
retrospectively analyzed. Nivolumab was continued until
progression of disease or occurrence of a severe adverse event. 

Follow-up of patients lasted till the data cut-off point (June 30,
2021) or death. The median follow-up interval was 12.6 months
(range=0.3-51.2 months).

This study conformed to the principles of the Declaration of
Helsinki and was approved by the institutional review board of
Kyushu University (approval number: 2021-138) and Kyushu
Cancer Center (approval number: 2019-58). All patients provided
written informed consent for the study. 

Relevant evaluations. Blood samples were obtained within 1 week
before nivolumab administration (pre) and 8 weeks after its
administration (post). To estimate the GPS, we used a three-grade
evaluation as follows: i) CRP>1.0 mg/dl and albumin<3.5 g/dl were
considered GPS 2, ii) CRP>1.0 mg/dl or albumin<3.5 g/dl were
considered GPS 1, and iii) CRP≤1.0 mg/dl and albumin≥3.5 g/dl were
considered GPS 0 (18). The NLR was calculated as the neutrophil
count divided by the lymphocyte count, CAR was calculated as the
CRP level divided by the albumin level, and the PLR was calculated
as the platelet count divided by the lymphocyte count. 

Patients who relapsed within 6 months after platinum-based drug
therapy were considered platinum-resistant; otherwise, patients were
considered platinum-sensitive. 

Nivolumab was administered to the patients at a dose of 3 mg/kg
or 240 mg/body every 2 weeks. Immune-related adverse events
(irAEs) that were induced by nivolumab were assessed by the
Common Terminology Criteria for Adverse Events (CTCAE),
version 5.0.

The OS was assessed from the first day of nivolumab
administration to death or the date of the analysis (June 30, 2021),
if the patients were alive. The progression-free survival (PFS) was
assessed from the first day of nivolumab to the date of disease
progression or death. 

Statistical analysis. All calculations were performed using the SPSS
statistics software program, ver. 22.0 (IBM Japan, Ltd., Tokyo,
Japan). We calculated the optimal cut-off values of the NLR, CAR,
PLR, and eosinophil count, based on a receiver operating curve
(ROC) analysis. Patients were classified into high and low groups,
based on each cut-off value, and investigated at two points: i) pre-
and ii) post-nivolumab treatment. The OS and PFS were calculated
using the Kaplan-Meier method and were evaluated with the log-
rank test. Univariate and multivariate Cox proportional hazards
regression models were used to assess the associations between
potential confounding variables and the OS. Differences with a p-
Value less than 0.05 were considered significant. 

Results

Patient characteristics. The clinical characteristics of the
patients are summarized in Table I. The median age at
nivolumab therapy was 65.0 (range=23-87) years old, and
most patients were male (77.4%) with a PS of 0 or 1
(collectively, 88.4%).

Of the 164 patients, 52 (31.7%) were platinum-sensitive,
whereas 112 (68.3%) were platinum-resistant. Recurrence or

in vivo 36: 907-917 (2022)

908

Table I. Patient characteristics at time of study initiation.

Characteristics                                                      Number of patients (%)
                                                                                      Total (n=164)

Gender                                                                                      
   Male                                                                              127 (77.4)
   Female                                                                           37 (22.6)
Age                                                                                           
   <75 years                                                                      140 (85.4)
   ≥75 years                                                                       24 (14.6)
Median (range)                                                              65.0 (23-87)
ECOG                                                                                       
   PS 0-1                                                                           145 (88.4)
   PS 2-4                                                                            19 (11.6)
Primary site                                                                              
   Nasopharynx                                                                   7 (4.3)
   Oropharynx                                                                   28 (17.1)
   Hypopharynx                                                                 39 (23.8)
   Larynx                                                                            11 (6.7)
   Oral cavity                                                                     47 (28.6)
   Sinonasal truct                                                              21 (12.8)
   External auditory canal                                                   9 (5.5)
   Others (Salivary gland & primary unknown)               2 (1.2)
Platinum                                                                                   
   Sensitive                                                                        52 (31.7)
   Resistant                                                                       112 (68.3)
Tumor localization                                                                   
   Locoregional (±distant metastasis)                             116 (70.7)
   Distant metastasis only                                                 48 (29.3)
Immune-related adverse events                                               
   +                                                                                     52 (31.7)
   –                                                                                    112 (68.3)

ECOG: Eastern Cooperative Oncology Group; PS: performance status. 
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Figure 1. Kaplan-Meier curves. (A) Overall survival (OS) and (B) progression-free survival (PFS) of patients with head and neck squamous cell
carcinoma who received nivolumab therapy. m: Months.

Figure 2. Kaplan-Meier curves of overall survival of patients with head and neck squamous cell carcinoma who received nivolumab therapy. Overall
survival (OS) curves according to performance status (PS) (A), site of recurrence (B), platinum-refractory status (C) and occurrence of immune-
related adverse events (irAEs) (D). m: Months.



metastasis at locoregional and distant sites was confirmed in
116 (70.7%) and 48 (29.3%), respectively. At the time of the
analysis, 52 (31.7%) of the 164 patients had developed irAEs.

Treatment response and survival outcome. The best overall
response was determined in 164 patients with evaluable lesions.
A complete response (CR) was observed in 18 patients (11.0%),
a partial response (PR) was observed in 34 patients (20.7%), and
stable disease (SD) was observed in 24 patients (14.6%). The
objective response rate (ORR) which corresponded to CR and
PR was observed in 52 patients (31.7%). The median OS was
13.2 months, and the median PFS was 3.3 months (Figure 1).

Cut-off values of the IBPS factors. According to ROC curves,
the areas under the curve (AUCs) and 95% confidence
intervals (CIs) of the pre-nivolumab NLR, CAR, PLR, and
eosinophil count were: i) 0.663 (95%CI=0.578-0.747,
p=0.001), ii) 0.712 (95%CI=0.629-0.795, p=0.000), iii) 0.607
(95%CI=0.520-0.695, p=0.025), and iv) 0.530 (95%CI=0.436-
0.623, p=0.533), respectively. The optimal cut-off value was i)

6.505 for the pre-NLR, ii) 0.085 for the pre-CAR, iii) 319.84
for the pre-PLR, and iv) 97/μl for the pre-eosinophil count. The
AUCs and 95%CIs of the post-nivolumab NLR, PLR, CAR,
and eosinophil count were: i) 0.779 (95%CI=0.709-0.848,
p=0.000), ii) 0.828 (95%CI=0.763-0.892, p=0.000), iii) 0.631
(95%CI=0.546-0.716, p=0.006), and iv) 0.560 (95%CI=0.471-
0.649, p=0.211), respectively. The optimal cut-off value was
6.351 for the post-NLR, 0.120 for the post-CAR, 430.660 for
the post-PLR, and 120.500/μl for the post-eosinophil count.

The patients were classified into three groups of GPS (0,
1, and 2), and either Low or High groups, based on the cut-
off values of the NLR, CAR, PLR, and eosinophil count pre-
and post-nivolumab administration.

Survival analyses according to clinical and IBPS factors pre-
nivolumab therapy. Patients with PS 0-1 had a significantly
better OS and PFS (p<0.05) compared to those with PS 2 to
4. Patients with distant metastasis had a significantly better
OS and PFS (p<0.05) compared to those with locoregional
recurrence (Figure 2A and B, Figure 3A and B).
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Figure 3. Kaplan-Meier curves of progression-free survival of patients with head and neck squamous cell carcinoma who received nivolumab therapy.
Progression-free survival (PFS) curves according to performance status (PS) (A), site of recurrence (B), platinum-refractory status (C) and
occurrence of immune-related adverse events (irAEs) (D). m: Months.



The median OS was i) 19.3, ii) 8.4, and iii) 3.7 months
for pre-GPS 0, 1, and 2, respectively, showing significant
differences in the OS among them (p=0.000). The survival
results were also significantly different between the pre-
NLR (p=0.000), pre-CAR (p=0.000), and pre-PLR groups
(p=0.001). However, the pre-eosinophil count failed to
show a significant prognostic role (p=0.239) (Figure 4A, C,
E, and G).

There were no significant differences in the OS or PFS
between the platinum-sensitive and platinum-resistant groups
(Figure 2C and Figure 3C).

Survival analyses according to clinical and IBPS factors post-
nivolumab therapy. Patients with irAEs had a significantly
better OS and PFS (p<0.05) compared to those without irAEs
(Figure 2D and Figure 3D).

The median OS was not reached at 11.5 and 3.7 months
for none of the groups with post-GPS status 0, 1 or 2
(p=0.000), showing significant differences in OS among
them (p=0.000). The survival results were also significantly
different between the post-NLR (p=0.000), post-CAR
(p=0.000), post-PLR (p=0.000), and post-eosinophil count
groups (p=0.003) (Figure 4B, D, F, H, and J).

Univariate and multivariate analyses according to the pre-
and post-treatment clinical and IBPS factors. Univariate
analyses revealed that the i) PS, ii) tumor localization, iii)
irAE status, and iv) pre- and post-GPS, NLR, CAR, and PLR
and post-eosinophil count were all significant predictors of
the OS. A multivariate analysis revealed that the i) PS [hazard
ratio (HR)=1.417 (95%CI=1.034-1.941), p=0.030], ii) irAEs
[HR=0.414 (95%CI=0.251-0.683), p=0.001], iii) post-GPS
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Table II. Univariate and multivariate analysis of clinical factors and inflammation-based prognostic score associated with the overall survival.

Overall survival Overall survival

Univariate analysis Multivariate analysis                        Univariate analysis Multivariate analysis

Pre-treatment factor HR (95%CI) p-Value HR (95%CI) p-Value   Post-treatment factor HR (95%CI) p-Value HR (95%CI) p-Value

ECOG 2.367 0.000 1.417 0.030          IrAEs 0.335 0.000 0.414 0.001
   PS 0-1 (n=145) (1.763-3.178) (1.034-1.941)                  + (n=52) (0.208-0.537) (0.251-0.683)
   PS 2-4 (n=19)                  – (n=112)
Platinum 1.176 0.438 – –
   Sensitive (n=52) (0.780-1.773)
   Resistant (n=112)                  
Locoregional (n=116) 1.934 0.005 – –
(±distant metastasis) (1.226-3.048)

Distant metastasis 
only (n=48)                  

(pre) GPS   1.774 0.000 – –             (post) GPS 2.836 0.000 1.801 0.000
   0 (n=83)                  0 (n=73)
   1 (n=51) (1.397-2.252)                  1 (n=40) (2.237-3.595) (1.336-2.429)
   2 (n=30)                  2 (n=51)
(pre) NLR 2.599 0.000 – –                 5.159 0.000 2.117 0.002
(Cut off value 6.505)               (post) NLR
   Low (n=103) (1.773-3.810)                  Low (n=94) (3.448-7.720) (1.309-3.423)
   High (n=61)                  High (n=70)
(pre) CAR 2.575 0.000 – –                 6.626 0.000 3.246 0.000
(Cut off value 0.085)               (post) CAR
   Low (n=69) (1.693-3.916)                  Low (n=62) (3.978-11.036) (1.699-6.200)
   High (n=95)                  High (n=102)
(pre) PLR 2.019 0.001 – –                 3.342 0.000 – –
(Cut off value 319.84)               (post) PLR
   Low (n=69) (1.351-3.017)                  Low (n=120)
   High (n=95)                  High (n=44) (2.226-5.019)
(pre) Eosinophil 0.795 0.239 – –                 0.562 0.003 0.334 0.000
(cut off value 97.0)               (post) Eosinophil 
   Low (n=89) (0.543-1.164)                  Low (n=68) (0.384-0.821) (0.217-0.514)
   High (n=75)                  High (n=96)

CAR: C-reactive protein (CRP)-to-albumin ratio; ECOG: Eastern Cooperative Oncology Group; GPS: Glasgow Prognostic Score; HR: hazard ratio;
IrAEs: immune-related adverse events; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio. Significant p-Values are shown in bold.



[HR=1.801 (95%CI=1.336-2.429), p=0.000], iv) post-NLR
[HR=2.117 (95%CI: 1.309-3.423), p=0.002], v) post-CAR
[HR=3.246 (95%CI=1.699-6.200), p=0.000], and vi) post-
eosinophil count [HR=0.334 (95%CI=0.217-0.514), p=0.000]
were independent prognostic factors for the OS (Table II). 

Changes in the IBPS after nivolumab administration.
Following nivolumab treatment the prognosis changed from
poor to good in 13% of pre-GPS from scores 1 and 2 (22/164
patients), 10% of pre-NLR-high (17/164 patients), 12% of
pre-CAR-high (20/164 patients), 37% of pre-PLR-high
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Figure 4. Continued



(60/164 patients), and 27% of pre-eosinophil count-low
(44/164 patients) (Figure 5). On the other hand, a
deterioration of prognosis was observed in 30% of pre-GPS
from scores 0 and 1 (48/164 patients), 16% of pre-NLR-low
(26/164 patients), 16% of pre-CAR-low (26/164 patients),
5% of pre-PLR-low (9/164 patients), and 14% of pre-
eosinophil count-high (23/164 patients). 

Association between the IBPS factors nivolumab therapy and
the incidence of irAEs. The total incidence of irAEs was
31.7% (52/164 patients). The incidence of irAEs in the poor
prognosis group based on the pre-treatment IBPS (GPS 1-2,
high-NLR/CAR/PLR, and low-eosinophil count) was low
compared to the good prognosis group (GPS 0-1, low-
NLR/CAR/PLR. high- eosinophil count). Notably, the
incidence of irAEs differed significantly between the pre-
NLR (p=0.00001), pre-CAR (p=0.042), and pre-PLR
(p=0.0002) groups (Table III). 

Discussion

In this study, the median OS (13.2 vs. 7.5 months) and the
median PFS (3.3 vs. 2.0 months) were favorable compared to
those in the Checkmate 141 study by Ferris et al. (2). In
addition, our results showed that nivolumab was more effective
in patients with a PS status of 0 and 1 compared to those with
PS 2 status. Other studies have suggested that a favorable PS
is predictive of a better OS and PFS in melanoma and non-
small-cell lung patients treated with ICIs (19, 20). This is
consistent with previous findings. However, the ORR and OS
were similar between the platinum-sensitive and -resistant
groups in the present study, whereas Hori et al. have reported
that platinum-resistant carcinoma is an independent negative
predictor of both the PFS and OS (21). In general, rapid
progression after platinum-containing chemotherapy has been
shown to be associated with poor outcomes (22). Further large-
scale studies are, therefore, warranted.
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Figure 4. Kaplan-Meier curves of overall survival of patients with head and neck squamous cell carcinoma treated with nivolumab. Overall survival
(OS) curves according to Glasgow Prognostic Score (GPS) (A, B), neutrophil-to-lymphocyte ratio (NLR) (C, D), C-reactive protein (CRP)-to-albumin
ratio (CAR) (E, F), platelet-to-lymphocyte ratio (PLR) (G, H) and eosinophil (EOS) count (I, J). m: Months.



In recent years, the usefulness of hematological factors,
including the IBPS, as prognostic biomarkers, has been
recognized across various types of cancer (23-27). The IBPS
(NLR, PLR, CAR, GPS, eosinophil count) is a score calculated
using the lymphocytes and eosinophils involved in tumor
suppression and the neutrophils and platelets involved in tumor
growth (28-31), either on their own or in combination. IBPS is
an easily available and non-invasive prognostic biomarker, and
is now widely recognized as a new prognostic biomarker for
head and neck cancer as well (9-16, 32-37). Despite the
benefits, most studies have only explored the relationship
between the pre-treatment IBPS and the prognosis. The
independent prognostic value of the IBPS, thus, remains
controversial, as it often changes after anti-cancer drug therapy. 

Interestingly, the IBPS 8 weeks following administration
of nivolumab played a role as a reliable predictor of the OS
in our study. We found that 20% to 60% of patients who
belonged to the poor prognosis group based on the pre-
treatment IBPS, moved to the good prognosis group
following nivolumab administration. This result suggests that
the same proportion of patients deemed to have a poor
prognosis may manage to improve through nivolumab
treatment. Regarding the NLR, Kim et al. have also
suggested that the change in the NLR after ICI therapy might
reflect the actual process of ICI-induced immune response
(38). The role of an on-treatment increase in the NLR as a
poor prognostic factor for ICIs was also reported in other
cancer types, including melanoma, NSCLC, and renal cell

in vivo 36: 907-917 (2022)

914

Figure 5. Changes in the IBPS after nivolumab administration according to Glasgow Prognostic Score (GPS), neutrophil-to-lymphocyte ratio (NLR),
C-reactive protein (CRP)-to-albumin ratio (CAR), platelet-to-lymphocyte ratio (PLR) and eosinophil (EOS) count. m: Months.

Table III. Pre-inflammation-based prognostic score and incidence of adverse events.

                     pre-GPS    pre-GPS     pre-GPS    pre-NLR     pre-NLR     pre-CAR    pre-CAR pre-PLR pre-PLR pre-Eosinophil pre-Eosinophil
                           0                1                 2              High            Low            High           Low High Low Low High

AE* + (%)     32.5%       37.3%        20.0%        22.6%         43.7%         25.2%        40.6% 17.9% 50.7% 34.8% 28.0%
number          (27/83)      (19/51)        (6/30)         (7/61)       (45/103)      (24/95)       (28/69) (17/95) (35/69) (31/89) (21/75)
p-Value           0.580                                            0.00001                            0.042              0.0002 0.401

AE: Adverse event; CAR: C-reactive protein (CRP)-to-albumin ratio; GPS: Glasgow Prognostic Score; NLR: neutrophil-to-lymphocyte ratio; |PLR:
platelet-to-lymphocyte ratio.



carcinoma (39, 40). Our results are consistent with those of
previous studies on malignant tumors. Meanwhile, we also
have to acknowledge  that some cases changed from good to
poor prognosis following nivolumab therapy. These patients
were not suitable for this treatment. We will accumulate
more cases to delineate the type of patient corresponding to
this pattern of behavior in future.

In the present multivariate analysis, regarding IBPS, the
post-treatment factor was an independent prognostic factor
in RMHNSCC patients treated with nivolumab. Our results
suggest that pre-IBPS is not an adequate prognostic
biomarker for RMHNSCC patients treated with nivolumab
therapy. Based on the above results, we believe that the
treatment outcomes of nivolumab can be predicted by testing
clinical and routine laboratory factors soon after treatment
(post-treatment IBPS). 

Regarding measuring the IBPS  prior to the anticancer
drug therapy, Crumley et al. have reported that, specifically
for GPS, it positively correlated with the frequency of side
effects in patients with gastroesophageal cancer (41). IBPS
may, thus, be useful for predicting the onset of AEs (36, 41).
However, unlike other anti-cancer therapies, the occurrence
of adverse events in patients treated with ICIs has been
shown to be related to a good prognosis (42, 43). Our
results are also consistent with those of previous studies.
Thus, there may be little benefit in using the pre-IBPS to
predict AEs.

Several limitations associated with the present study
warrant mention, including its retrospective nature, the
potential existence of selection bias, the small sample size,
and the insufficient evaluation of AEs. Given these
limitations, we believe that in the future, continuing to study
the relationship between the IBPS and AEs and accumulating
more data from large cohorts will aid in the construction of
a more appropriate framework of precision medicine for
patiesnts with incurable RMHNSCC.

In conclusion, our results suggest that the post-nivolumab
GPS, NLR, CAR, and eosinophil count are significantly
associated with survival outcomes in RMHNSCC, but not
the pre-nivolumab IBPS. We believe that the IBPS is useful
as a prognostic biomarker for RMHNSCC and can help
guide subsequent therapeutic strategies for anticancer drug
therapy.
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