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Targeting the programmed cell death protein-1 (PD-1)/PD-1 ligand (PD-L1) pathway 
has been shown to enhance T cell-mediated antitumor immunity. Clinical responses are 
limited to subgroups of patients. The search for biomarkers of response is a strategy to 
predict response and outcome of PD-1/PD-L1 checkpoint intervention. The NY-ESO-1 
cancer testis antigen has been considered as a biomarker in head and neck squamous 
cell carcinoma (HNSCC) patients and can induce both specific NY-ESO-1 antibody and 
T cells responses. Here, we correlated clinical responsiveness to anti-PD-1 (nivolumab) 
treatment with immunity to NY-ESO-1 in a patient with recurrent HNSCC. The patient 
was treated with second-line treatment of nivolumab and had a stable disease for over 
7 months. His NY-ESO-1 antibody was found to be lower after the third (****p < 0.0001) 
and the fifth (****p < 0.0001) cycles of treatment compared to base line, and this was 
in line with the stability of the disease. The NY-ESO-1-specific T cells response of the 
patient was found to be increased after the third and the fifth (**p  =  0.002) cycles 
of treatment but had a significant decline after progression (**p = 0.0028). The PD-1 
expression by the patient’s T  cells was reduced 15-folds after nivolumab treatment 
and was uniquely restricted to the CD8+ T cells population. Several cytokines/chemo-
kines involved in immune activation were upregulated after nivolumab treatment; 
two biomarkers were reduced at progression [interleukin (IL)-10: ****p < 0.0001 and 
CX3CL1: ****p < 0.0001]. On the other hand, some cytokines/chemokines contributing 
to immune inhibition were downregulated after nivolumab treatment; two biomarkers 
were increased at progression (IL-6: ****p < 0.0001 and IL-8: ****p < 0.0001). This data 
support the notion that the presence of anti-NY-ESO-1 integrated immunity and some 
cytokines/chemokines profile may potentially identify a response to PD-1 blockade in 
HNSCC patients.
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INtRoDUCtIoN

Head and neck Squamous cell carcinoma (HNSCC) is the sixth 
most common cancer worldwide, accounting for approxi-
mately 6% of all cases and is responsible for an estimated 
1–2% of all cancer deaths (1, 2). More than 90% of tumors 
in the head and neck are squamous cell carcinomas (3). The 
majority of HNSCC patients present with advanced-stage 
disease characterized by significant rates of local failure and 
distant metastases subsequent to radiotherapy (4, 5). Advances 
in surgery, chemotherapy, and radiotherapy have not altered 
the survival rates of patients with HNSCC over the past two 
decades (6). Emerging evidence supports an important role 
of the immune system in the development and evolution of 
HNSCC in which the status of the immune system is likely to 
be of prognostic value. It has been demonstrated that patients 
with HNSCC have either a downregulation of their antitumor 
immune responses and tumor progression or relapse that 
correlates with immune dysfunction (7). Immunotherapy has 
emerged as a promising treatment approach for cancer with 
extraordinary survival in selected patients. Immunotherapy 
using immune-modulating antibodies, which is based on 
reconstitution of the efficacy of pre-existing immune responses 
in patients, is used to help counteracting various tumor evasion 
strategies (8). Nivolumab is an immune-modulating antibody 
against the programmed cell death protein-1 (PD-1). PD-1 is 
an immune checkpoint receptor found on the surface of T cells 
that downregulates their activation (8, 9). Nivolumab has been 
recently approved by the FDA as an option for the second-
line treatment of recurrent and/or metastatic HNSCC (10). 
The results from a very recent prospective randomized trial 
using this antibody heralded a new era of anti-cancer therapy 
in HNSCC (11, 12). Because such immune-modulating anti-
bodies are known to unleash the brake of the immune system  
(13, 14), the presence of a pre-existing immune response is 
essential for the success of such therapy. Therefore, the iden-
tification of target antigens for such immune responses has 
become precedence. The NY-ESO-1 cancer testis antigen has 
been shown to be expressed in HNSCC patients and to exhibit  
the capacity to induce both natural antibody and T cell responses 
(15). Because of its high tumor-specificity and immunogenic-
ity, the NY-ESO-1 antigen may represent an attractive target 
for specific immunotherapy of HNSCC. Indeed, it has been 
demonstrated that melanoma patients treated with ipilimumab 
had an increased rate of NY-ESO-1-specific immunity that 
was associated with improved clinical benefit of the treatment, 
especially in patients developing both NY-ESO-1-specific 
antibody and specific CD8+ T cells (16).

We therefore speculate that such pre-existing immunity to 
the NY-ESO-1 antigen should be enhanced after anti-PD-1 
treatment leading to improved clinical benefit of the patient. 
We showed here that anti-PD-1 (nivolumab) treatment of 
an HNSCC patient modulated his immune response to the 
NY-ESO-1 antigen. We have also showed differential expression 
of important cytokines/chemokines markers that correlated 
with the patient clinical outcome.

Case RepoRt

A 71-year-old Qatari male patient was diagnosed with oral 
cavity HNSCC with stage cT4 N0 M0 in 1997 and underwent 
radiotherapy in London, UK. He developed post-radiation 
necrosis and neck fistula, which was treated with a skin flap. 
After initial chemo-radiation in 2016, a recurring HNSCC 
involving the supraglottic region and tongue base was identi-
fied. On the 12th of January 2017, a second-line treatment 
with nivolumab was started (3  mg/kg every 2  weeks for five 
cycles) after declining chemotherapy. However, due to non-
compliance the patient refused further treatment. Two CT 
scans of the patient neck were taken before treatment and 
10 days after the fifth cycle of the treatment. PET CT scan was 
carried out 239 days after the fifth cycle (7 months, 25 days) of 
treatment. The antibody response to the NY-ESO-1 antigen was 
measured in the plasma using enzyme-linked immunosorb-
ent assay (ELISA) against a known immunogenic NY-ESO-1 
peptide. The cellular response to the NY-ESO-1 antigen was 
investigated in patient’s peripheral blood mononuclear cells 
(PBMCs) using an enzyme-linked immunospot (ELISPOT) 
assay for interferon-gamma (IFN-γ) production by T  cells 
against the NY-ESO-1 overlapping peptides. Flow cytometry 
was used to determine the expression of PD-1 in the patient 
CD3+ T cells before and after nivolumab treatment. A panel 
of 27 plasma biomarkers (cytokines and chemokines) was 
analyzed by multiplex analysis.

Clinical Response to Nivolumab
After the fifth cycle of nivolumab treatment, the patient’s bleeding 
from the tumor site at the neck stopped and CT scan follow-up 
showed stable disease, no progression, or distant metastasis 
(Figure 1A). It showed a mild increase in size, measuring about 
5.1  cm  ×  4.6  cm, 10  days after the fifth cycle (Figures  1A–C) 
compared to 4.5  cm  ×  4.3  cm before nivolumab treatment 
(Figures 1A–A) which suggests of pseudo-progression. On the 
other hand, 163 days (5 months, 10 days) after the fifth cycle of 
nivolumab treatment, the patient was seen by an oncologist and 
found to be in a fair general condition. Because the patient declined 
to have any follow-up CT scans and blood tests, a mobile medical 
team visited him several times and evaluated him as feeling well 
with an on and off cough. The patient also complained of limited 
pain on the left sub-mandibular angle but physical examination 
showed no palpable mass in that area. The patient was again 
seen by the medical team 194 days (6 months, 10 days), 209 days 
(6 months, 25 days), and 226 days (7 months, 12 days) after the 
fifth cycle of nivolumab treatment. On all visits, the patient had 
some cough with blood, a small soft tissue mass was observed on 
the left side of the neck. However, no hard mass was observed. 
The patient was admitted to the National Center for Cancer Care 
and Research (NCCCR) 234 days (7 months, 20 days) after the 
fifth cycle of nivolumab treatment with left mandibular pain and 
swelling. He had productive cough of copious whitish sputum 
with no fever. PET CT scan was carried out at day 239 after the 
fifth cycle (7 months, 25 days) and the patient was found to have 
progressed (Figures 1B–F).
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FIgURe 1 | (a) CT scan of the patient neck with IV contrast. Irregular infiltrative mass in the left side of the neck adjacent to the base of the tongue, invading the 
oropharynx and extending caudally to supraglottic and glottic larynx was shown both before and after the fifth cycle of anti-programmed cell death protein-1 (PD-1) 
treatment [(B,D) respectively]. It shows mild increase in size measuring about 5.1 cm × 4.6 cm 10 days after the fifth cycle (C) compared to 4.5 cm × 4.3 cm before 
anti-PD-1 treatment (a). (B) PET CT carried out at day 239 after fifth cycle (7 months, 25 days) of anti-PD-1 treatment showing progression of the disease (F) 
compared tp PET CT obtained at 10 days after the fifth cycle (e).
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Determination of antitumor Immune 
Response
The humoral immune response to the NY-ESO-1 antigen was 
measured. ELISA results showed that out of the four different 
plasma dilutions tested (1:100, 1:400, 1:1,600, and 1:6,400), 1:100 
and 1:400 were found to be the optimum dilutions to differenti-
ate the anti-NY-ESO-1 antibody level before and after nivolumab 
treatment (Figure 2A). ELISA results showed that the NY-ESO-1 
antibody levels at 1:400 plasma dilution were significantly higher 
before nivolumab treatment compared to samples taken 11 days 
after the third cycle (third cycle-11 days, ****p < 0.0001), 8 days 
after the fifth cycle (fifth cycle-8 days, ****p < 0.0001), and  
at progression stage (fifth cycle-226  days, ****p  <  0.0001) 
(Figure 2B). We used pooled plasma from five healthy donors 
as a negative control. Interestingly, the patient plasma recognized 
the NY-ESO-1 (11–30 amino acids) peptide which represents 
one of the most known immunogenic epitope of the NY-ESO-1 
antibody. No response was obtained with the non-immunogenic 
long peptide (amino acids 85–111) (data not shown). The ELISA 
result was confirmed using Western Blot analysis which showed 

the recognition of an 18 kDa band by the NY-ESO-1 antibody in 
the patient plasma (data not shown).

The cellular immune response to the NY-ESO-1 antigen 
was measured in the PBMCs of the patient before and after 
nivolumab treatment for IFN-γ secretion using ELISpot assay. 
Specific IFN-γ secretion was demonstrated against a pool of 43 
peptides representing the whole length of the NY-ESO-1 protein 
(PepMix) (Figure 2C). IFN-γ secretion was slightly increased in 
T cells tested 11 days after the third cycle (third cycle-11 days) 
and was significantly higher 8  days after the fifth cycle (fifth 
cycle-8 days, **p = 0.002) of nivolumab treatment compared to 
control before treatment. Interestingly, there was a significant 
decrease in IFN-γ secretion by the patient T  cells collected at 
progression (fifth cycle-226 days, **p = 0.0028) (Figure 2C). No 
IFN-γ secretion was obtained in the presence of the negative 
control, PSA PepMix (data not shown).

The PD-1 expression by T cells was investigated in the PBMCs 
of the patient before and after the fifth (fifth cycle-8 days) cycle of 
nivolumab treatment using flow cytometry analysis. Nivolumab 
treatment demonstrated a 15-fold decrease in the expression of 
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FIgURe 2 | Antibody response to the NY-ESO-1 antigen as measured in the plasma by enzyme-linked immunosorbent assay (ELISA). (a) The results are  
expressed as the mean OD value and error bars indicate the SD for the triplicate values in each dilution. Out of the four different plasma dilutions tested (1:100, 
1:400, 1:1,600, and 1:6,400), 1:100 and 1:400 were found to be the optimum dilutions to differentiate the anti-NY-ESO-1 antibody level before and after nivolumab 
treatment. (B) Bar graph represents the mean OD values were measured at 1:400 dilution. Each ELISA experiment was repeated six times and the shown data 
corresponds to one representative experiment. (C) Enzyme-linked immunospot (ELISPOT) assay for interferon-gamma production to investigate T cell response to 
the NY-ESO-1 antigen in patient’s peripheral blood mononuclear cells against NY-ESO-1 overlapping peptides (PepMix). The assay was repeated three times and 
the shown data corresponds to one representative experiment. Statistical analysis for ELISA and ELISPOT were performed using non-parametric unpaired ANOVA 
followed by multiple comparison Dunnet’s test and p values <0.05 were considered statistically significant.
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PD-1 by the CD3+ T cells when compared to the value obtained 
before treatment (Figure  3B). Although both subsets of CD4+ 
and CD8+ T  cells expressed the PD-1 molecule, its expression 
was dominant in the CD4+ T cells population before treatment 
(Figure  3D). The expression of PD-1 in the CD4+ and CD8+ 
T  cells population was below detection limits after nivolumab 
treatment (data not shown).

The cytokine/lymphokine profile was investigated in the 
plasma of the patient before and after the third cycle (third cycle-
11 days) and the fifth cycle (fifth cycle-8 days) of nivolumab 
treatment as well as at progression (fifth cycle-226 days) using 

multiplex analysis. We have classified the cytokine/lymphokine 
profile, based on its upregulation or downregulation status after 
nivolumab treatment, into two groups (Tables 1 and 2). Group 
1 comprises 10 biomarkers that were significantly upregulated 
after the third cycle-11  days (Table  1). These are IFN-γ, 
tumor necrosis factor-alpha (TNF-α), interleukin (IL)-6, IL-8, 
IL-10, granulocyte-macrophage colony-stimulating factor 
(GM-CSF), macrophage inflammatory protein-1β (MIP-1β), 
chemokine C-X3-C motif ligand 1 (CX3CL-1), CXCL-11, and 
soluble CD137 (sCD137). It is important to mention that four 
of the biomarkers (IL-10, GM-CSF, CX3CL-1, and sCD137) 
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FIgURe 3 | Flow cytometry was used to determine the expression of programmed cell death protein-1 (PD-1) in the patient CD3+, CD4+, and CD8+ T cells before 
nivolumab treatment. Panels (a,B) are dot plots for isotype control and for PD-1 staining in CD3+, respectively. Isotype control and PD-1 staining in CD4+ and CD8+ 
cells are represented in panels (C,D).

taBle 1 | Plasma concentrations of upregulated cytokines/chemokines after nivolumab treatment.

Cytokines/ 
chemokines

aBefore treatment  
Conc. (ng/ml)

aafter third cycle (third  
cycle-11 days) Conc. (ng/ml)

p-Value aafter fifth cycle (fifth  
cycle-8 days) Conc. (ng/ml)

p-Value

IFN-γ 0.014 ± 1.15 0.0356 ± 1.05 ****0.0001 0.018 ± 1.12 ****0.0001
TNF-α 0.156 ± 0.57 0.575 ± 0.61 ****0.0001 0.152 ± 1.52 NS
IL-6 0.038 ± 0.75 0.171 ± 0.63 ****0.0001 0.047 ± 1.5 ****0.0001
IL-8 0.313 ± 1.20 0.709 ± 1.22 ****0.0001 0.316 ± 1.10 **0.004
IL-10 0.0316 ± 1.01 0.076 ± 1.1 ****0.0001 0.058 ± 1.04 ****0.0001
GM-CSF 0.018 ± 0.57 0.022 ± 1.0 **0.003 0.028 ± 1.5 ****0.0001
MIP-1β 0.108 ± 1.2 0.125 ± 1.6 ****0.0001 0.110 ± 1.2 **0.007
CX3CL-1 0.068 ± 1.32 0.103 ± 1.02 ****0.0001 0.096 ± 1.51 ****0.0001
CXCL-11 1.885 ± 0.7 2.002 ± 0.8 ****0.0001 1.889 ± 0.7 NS
sCD137 50.6 ± 057 65.5 ± 1.32 ****0.0001 79.1 ± 1.39 ****0.0001

aValues represent concentration (mean ± SD).
Statistical analysis was carried out using non-parametric unpaired ANOVA followed by Dunnet’s multiple comparison test.
p Value: <0.05 significant.
**Indicates significant.
****Indicates highly significant.
NS, not significant; Conc, concentration; ng/ml, nanogram per milliliter; IFN-γ, interferon-gamma; TNF, tumor necrosis factor-alpha; IL-6, interleukin-6; IL-8, interleukin-8; GM-CSF, 
granulocyte-macrophage colony-stimulating factor; MIP-1β, macrophage inflammatory protein-1β; CX3CL-1, chemokine C-X3-C motif ligand 1; CXCL-1, C-X-C motif chemokine 11; 
sCD137, soluble CD137.
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taBle 2 | Plasma concentrations of downregulated cytokines/chemokines after nivolumab treatment.

Cytokines/ 
chemokines

aBefore treatment  
Conc. (ng/ml)

aafter third cycle (third  
cycle-11 days) Conc. (ng/ml)

p-Value aafter fifth cycle (fifth  
cycle-8 days) Conc. (ng/ml)

p-Value

Granzyme A 193.5 ± 0.12 21.6 ± 0.15 ****0.0001 23.8 ± 0.28 ****0.0001
Granzyme B 2,111 ± 1.05 1,186.8 ± 1.05 ****0.0001 1183.2 ± 1.02 ****0.0001
Perforin 9,367 ± 0.25 5,236 ± 1.04 ****0.0001 6,483 ± 1.03 ****0.0001
sFAS 135.6 ± 1.6 63.6 ± 1.05 ****0.0001 115.6 ± 1.23 ****0.0001
IL-17A 17.3 ± 0.57 9.6 ± 1.04 ****0.0001 6.5 ± 1.02 ****0.0001

aValues represent concentration (mean ± SD).
Statistical analysis was carried out using non-parametric unpaired ANOVA followed by Dunnet’s multiple comparison test.
p Value: <0.05 significant.
****Indicates highly significant.
Conc, concentration; ng/ml, nanogram per milliliter; IL-17A, interleukin-17A; sFAS, soluble first apoptosis signal.
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also continued to rise after the fifth cycle (fifth cycle-8 days) 
of nivolumab treatment (Table  1). Group 2 comprises five 
biomarkers that were significantly downregulated after the 
third cycle-11 days and also continued to decline after the fifth 
cycle (fifth cycle-8  days) of nivolumab treatment (Table  2). 
These are granzyme A, granzyme B, perforin, soluble first 
apoptosis signal (sFAS), and IL-17A. Two biomarkers (IL-10  
and CX3CL-1 also known as Fractalkine), important for 
immune activation, were significantly reduced at progression 
(fifth cycle-226 days, Figures 4A,B). Moreover, two biomark-
ers (IL-6 and IL-8), important for immune inhibition, were 
significantly upregulated at progression (fifth cycle-226 days, 
Figures  4C,D). The remaining 12 biomarkers analyzed  
[IL-2, IL-4, IL-5, IL-7, IL-12 (p70), IL-13, IL-21, IL-23, MIP-
1α, MIP-3α, MIP-1β, and sFASL] showed no significant 
change (data not shown).

MetHoDs

sample Collection and pBMCs Isolation
Peripheral blood samples were obtained in lithium heparin tubes 
12  days before nivolumab treatment, 11  days after the third 
cycle, then 8 and 226  days after the fifth cycles of nivolumab 
treatment. Plasma was obtained after centrifugation of the blood 
at 1,200 rpm, frozen at −85°C and used subsequently for ELISA 
and multiplexing assays. PBMCs were isolated by density gradi-
ent centrifugation using Ficoll® Paque Plus (GE Healthcare) and 
SepMate™ tubes (STEM Cells technologies) according to the 
manufacturer’s instructions. The obtained PBMCs were frozen at 
−150°C and used in ELISpot assay.

enzyme-linked Immunosorbent assay
96-well microtiter plates (Thermo Scientific) were coated 
with bicarbonate/carbonate buffer containing 10  µg/ml of the 
NY-ESO-1 peptide spanning its region of 11–30 amino acids (JPT 
Peptide Technologies GmbH, Germany) representing the most 
immunogenic epitope of the NY-ESO-1 antibody (17). We used 
a non-immunogenic long peptide (amino acids 85–111) from 
NY-ESO-1 as a negative control. After overnight incubation at 
4°C, plates were washed with PBS containing 0.05% Tween-20 
(PBS-T) (Sigma Aldrich) and blocked for 2 h at room tempera-
ture (RT) with PBS containing 5% skimmed milk powder (Sigma 
Aldrich). The Plasma was incubated for 2  h at RT at different 

dilutions, 1:100, 1:400, 1:1,600, and 1:6,400, in PBS containing 
5% skimmed milk powder. Plates were washed with PBS-T 
and incubated for 1  h at RT with HRP-conjugated goat-anti-
human antibody (Abcam) diluted 1:4,000 in PBS containing 5% 
skimmed milk powder, followed by measurement of the HRPO 
activity using 3,3′,5,5′-Tetramethylbenzidine (TMB) substrate 
solution (Sigma Aldrich) at 450 nm. The NY-ESO-1 antibody was 
considered positive if the mean OD value of the 1:100 dilution of 
the plasma is higher than the mean OD value of the healthy donor 
plus three times the SD (18).

Western Blot analysis
The anti-NY-ESO-1 antibody response were tested in the plasma 
by a standard western blot analysis using 1  µg of recombinant 
NY-ESO-1 protein and plasma at 1:100, 1:500, 1:1,000, 1:2,000, 
and 1:4,000 dilutions. HRPO-conjugated goat-anti-human 
antibody (Abcam) diluted at 1:4,000 was used as secondary 
reagent. The protein band of NY-ESO-1 was detected using 
chemiluminescence (19). Western blot bands from three inde-
pendent experiments were quantified using the software Image J  
(http://rsb.info.nih.gov/ij/) (20).

elIspot assay
Enzyme-linked immunospot assay was performed to enumer-
ate the patient NY-ESO-1-specific T cells secreting IFN-γ after 
an in  vitro re-challenge with the NY-ESO-1 antigen. A pool 
of 43 Peptides (15mers with 11 aa overlap) representing the 
whole length of the NY-ESO-1 protein (PepMix™ Human NY- 
ESO-1, JPT Peptide Technologies) were used. The human IFN-γ 
ELISpotPLUS kit (Mabtech) was used according to the manu-
facturer’s protocols. PBMCs were plated in duplicates at 130,000 
cells/well/200  μl in complete RPMI media (Life Technologies) 
supplemented with 10% heat inactivated fetal bovine serum (Life 
Technologies), 1% Penicillin and Streptomycin cocktail antibiot-
ics (Life Technologies) and 1% GlutaMAX (Life Technologies). 
The NY-ESO-1 PepMix was added at 1 µg/ml. Anti-CD3 mAb 
(Mabtech) was used as a positive control. We used the PepMix 
pool for the prostate-specific antigen (PM-PSA, from JPT tech-
nologies) as negative control. After 48 h of incubation, plates were 
developed and analyzed using an automated ELISPOT reader 
(AID, Strasberg, Germany). The frequency of NY-ESO-1-specific 
T cells was expressed as specific spot forming unit (SFC) per input 
cell numbers.
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FIgURe 4 | Multiplex analysis of cytokines/chemokines in patient plasma before and after nivolumab treatment, and after progression. (a,B) Significant 
downregulation of the immune activation biomarkers (IL-10 and CX3CL-1 also known as Fractalkine) at progression (fifth cycle-226 days). (C,D) Significant 
upregulation of the immune inhibition biomarkers (IL-6 and IL-8) at progression (fifth cycle-226 days). The assay was repeated three times and the shown data 
corresponds to one representative experiment. Statistical analysis was performed using non-parametric unpaired ANOVA followed by multiple comparison Dunnet’s 
test and p values <0.05 were considered statistically significant.
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Flow Cytometry analysis
Flow cytometry analysis was carried out to determine PD-1 
expression by the patient T  cells before and after nivolumab 
treatment. Cryopreserved PBMCs were thawed, washed, and 
suspended in cold PBS (Gibco). The cells were stained with CD3-
BUV395 (BD Biosciences), CD4-BUV805 (BD Bioscience), 
CD8-FITC (eBioscience), and PD-1-PE (eBioscience) antibod-
ies. Isotype controls corresponding all the tested antibodies 
were used. After 30  min incubation at RT, the stained cells 
were washed then acquired on BD FACSCalibur flow cytometer 

and the data was analyzed using FACSDiva 8.0.1 software (BD 
Biosciences).

Multiplex analysis
The quantification of the patient cytokines and chemokines 
(granzyme A, granzyme B, perforin, MIP-1 α, MIP-1 β, MIP-3α, 
ITAC, sFASL, sFAS, sCD137, GM-CSF, IFN-γ, TNF-α, IL-1 β, 
IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17A, 
IL-21, and IL-23) was performed using the human Cytokine/
Chemokine Magnetic Bead multiplex assay (CD8+ T cell magnetic 
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Bead panel and Human high sensitivity T  cell magnetic bead 
panel kits) (MILLIPLEX MAP, EMD Millipore, Billerica, MA, 
USA) according to the manufacturer’s instructions. Fluorescent 
signals generated were detected using the multiplex array reader 
Bio-Plex 200 System (Bio-Rad Laboratories, Inc.). Briefly, raw 
data were initially measured as relative fluorescence intensity 
then converted to cytokine concentrations based on the standard 
curve generated from the reference concentrations supplied with 
the kit. All samples and standards were performed in duplicates 
and data were analyzed as mean of duplicates.

statistical analysis
For ELISpot analysis, Multiplex analysis and ELISA a non-
parametric unpaired ANOVA followed by multiple comparisons 
Dunnet’s test were used. Statistical analysis was performed using 
Graph Pad Prism 7.0 and p values <0.05 were considered statis-
tically significant.

DIsCUssIoN

It has been recently demonstrated that patients with HNSCC 
have downregulation of their antitumor immune responses, and 
tumor progression or relapse correlates with immune dysfunc-
tion (7). PD-1 is an immune checkpoint receptor that is expressed 
mainly on T  cells and limits T  cell effector functions within 
the tumor site (8, 9). Furthermore, tumor cells can upregulate  
the expression of the PD-1 ligand (PD-L1) and further block the 
antitumor immune response (21). In this study, it has been shown 
that PD-L1 was expressed in 50–60% of HNSCC patients (21). 
Interestingly, blocking the PD-1/PD-L1 interaction with anti-
PD-1 antibodies was reported to improve survival in recurrent 
HNSCC patients (9, 22). Indeed, treatment of recurrent HNSCC 
patients with nivolumab, in a recent phase III CheckMate 141 
clinical trial, resulted in longer overall survival compared to treat-
ment with a standard single agent therapy (11, 12). The trial was 
stopped early due to this survival advantage (11, 12). Based on 
this indication, nivolumab was recently approved to treat recur-
rent HNSCC patients (10). In the present report, nivolumab was 
used to treat a 71-year-old male patient with a long and recurrent 
history of HNSCC. It has been reported that pseudo-progression 
with an initial increase in total tumor burden; stable disease state 
with a slow steady decline in total tumor volume; or a presence 
of new lesions, were all associated with patients responding to 
anti-CTLA-4 treatment and were linked to favorable survival 
(23). The patient reported in our study had an initial increase 
in total tumor burden and displayed a stable disease with slow 
steady decline in total tumor volume over 7 months demonstrat-
ing an initial pseudo-progression phenomenon. The patient 
progressed after 7  months of nivolumab treatment. Although 
immunotherapy has advocated to continue after the disease first 
progression provided that the general condition of the patient 
had improved, our patient refused to continue nivolumab treat-
ment after the fifth cycle.

It has been demonstrated that changes in NY-ESO-1 antibody 
levels correlate with the evolution of NY-ESO-1 positive disease 
and tend to disappear with tumor resection or therapy-induced 
regression (24). Furthermore, the humoral immune response 

against the NY-ESO-1 antigen is frequently observed in patients 
with NY-ESO-1 expressing tumors and no NY-ESO-1 antibody 
has been detected in healthy controls and/or patients with 
NY-ESO-1 negative tumors (24). Plasma samples collected from 
the patient before nivolumab treatment expressed significant 
levels of NY-ESO-1 antibody compared to a pool of five plasma 
samples collected from healthy controls. This confirms the 
presence of NY-ESO-1 antigen in the patient’s tumor, as the 
induction and maintenance of NY-ESO-1 antibody was shown to 
be dependent on the presence of NY-ESO-1 expressing tumors. 
Moreover, we have shown in this report significant reduction in 
NY-ESO-1 antibody levels after the third (third cycle-11 days) and 
fifth (fifth cycle-8 days) cycles of nivolumab treatment compared 
to levels obtained before treatment. We have also demonstrated 
that the patient at progression stage (fifth cycle-226 days) did not 
have elevated NY-ESO-1 antibody levels raising the possibility of 
immune selection of NY-ESO-1 antigen negative variants (25).

We have shown that the patient’s T  cells response to the 
NY-ESO-1 antigen was slightly increased after the third cycle 
(third cycle-11 days) and was significantly higher at the fifth (fifth 
cycle-8 days) cycle of nivolumab treatment. This is in line with 
another study demonstrating that treatment with an anti-PD-1 
antibody increased the NY-ESO-1-specific T cells expansion in 
melanoma patients (26). Moreover, it has been demonstrated 
that T  cells response to NY-ESO-1 antigen correlates with the 
patients’ clinical benefit in melanoma treated with anti-CTLA-4 
antibody (16). Our data also showed that the T cells response 
detected after anti-PD-1 treatment was significantly declined 
after the stage of progression (fifth cycle-226 days). It has been 
shown recently that the expression of PD-1 on CD4+ T cells has 
a prognostic value in NSCLC patients, as high expression of this 
molecule was associated with a shorter progression-free survival/
overall survival (27). In line with this, we showed here that the 
majority of all PD-1+/CD3+ T cells analyzed before nivolumab 
treatment were of the CD4+ T  cells population (Figure  3). 
Treatment with an anti-PD-1 antibody was shown to increase 
NY-ESO-1-specific CD8+ T cells expansion in melanoma patients 
and in contrast to EBV, influenza, or Melan-A/MART-1-specific 
CD8+ T cells, NY-ESO-1-specific CD8+ T cells uniquely express 
the PD-1 molecule (26). In line with this, nivolumab treatment 
may expand NY-ESO-1-specific CD8+ T population expressing 
the PD-1 molecule in our patient (Figures 3A–D).

It has been previously demonstrated that in addition to the 
direct tumor lytic activity of CD8+ T cells, CD4+ T cells provide 
a protective function by cytokines secretion and inflammatory 
reactions. Our data showed that both Th1 and Th2 T  cells are 
involved in the immune response of the patient and this was 
correlated with the cytokines/lymphokines profile produced 
upon response to nivolumab treatment (Figure  4). We have 
shown that several cytokines/chemokines, important for 
immune activation were upregulated after nivolumab treat-
ment in which one important cytokine (IL-10) and chemokine 
(CX3CL1/Fractalkine) were significantly reduced at tumor 
progression. IL-10 has been known as an anti-inflammatory 
cytokine produced primarily by antigen-presenting cells, 
which exerts negative regulatory effects on pro-inflammatory 
cytokines by downregulating their synthesis (28). However, it 
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has been shown recently that IL-10 plays also a major role as 
an immune-activating cytokine in cancer immunotherapy (29).  
In this respect, IL-10 induces production of IFN-γ that strongly 
induces the expression of MHC and costimulatory molecules, 
therefore both IL-10 and IFN-γ stimulate TCR signaling enabling 
T cells activation and proliferation (29). Interestingly, it has been 
recently demonstrated in advanced melanoma that IL-10 levels 
in nivolumab responders were significantly higher than those 
in the non-responders (30) supporting our current findings. 
CX3CL1 is a chemokine induced by inflammatory cytokines 
such as TNFα, IL-1β, and IFN-γ and its role is to recruit immune 
cells at tumor sites and to boost antitumor immune responses 
(31). Indeed, high expression of the CX3CL1 molecule by 
tumor cells was found to correlate with a good prognosis and 
with increased tumor-infiltrating CD8+ T  cells, natural killer 
cells, and dendritic cells in breast carcinoma (31). It has been 
demonstrated recently that high expression of CX3CL1 in colo-
rectal cancer was significantly associated with more favorable 
patients’ prognosis whereas low expression identifies a subset 
of patients with significantly higher risk of developing distant 
metastasis and rapid tumor progression (32). Furthermore, a 
recent study has shown that CX3CR1, a receptor for CX3CL1, 
is exclusively expressed in a subset of CD8+ effector memory 
T cells infiltrating tumor tissues in patients responding to anti-
PD-1 therapy. This study has also demonstrated that PD-1 is 
mainly expressed in such T cells population (33). This is in line 
with our data showing the significant induction of CX3CL1 after 
nivolumab treatment and its downregulation at tumor progres-
sion (Figure 4B).

We have also shown that some cytokines/chemokines con-
tributing to immune response inhibition were downregulated 
after nivolumab treatment in which one important cytokine 
(IL-6) and chemokine (IL-8) were significantly increased 
at progression. IL-6 is a pleiotropic cytokine that plays an 
important role in cell proliferation, survival, differentiation, 
migration, and invasion. It regulates tumor progression and 
tumor metastasis by modulating tumor angiogenesis and 
tumor lympho-angiogenesis (34). It has been demonstrated 
recently that IL-6 levels were markedly upregulated in HNSCC 
patients and high IL-6 expression independently predicts tumor 
recurrence, metastasis, and poor survival (34). We have shown 
here that IL-6 levels were significantly upregulated at both 
pseudo-progression and progression stages (Figure  4C). IL-8 
is a chemokine secreted by malignant cells and tumor stroma 
cells across many different tumor types (35). It has been shown 
very recently that melanoma and NSCLC patients treated with 
anti-PD-1 antibody illustrated an early decrease in the levels 
of serum IL-8 and this was associated with longer overall sur-
vival (35). Moreover, high serum IL-8 levels in cancer patients 
presenting pseudo-progression also reflected true response 
to anti-PD-1 antibody treatment (35). We have shown in this 
report that IL-8 levels were significantly upregulated at both 
pseudo-progression and progression (Figure 4D). Finally, the 
significant low levels of cytolytic factors such as granzymes A 
and B, perforin, and sFAS in serum may be explained by the 

fact that activated T  cells must migrate to come into contact 
with the tumor and after recognition of antigens, they release 
such cytolytic enzymes which recruit other cells of the immune 
system to destroy the tumor.

CoNClUDINg ReMaRKs

We have analyzed the expression of immunological markers 
before and after anti-PD-1 treatment in a patient with a long 
recurrent history of HNSCC and spontaneous immunity to the 
NY-ESO-1 antigen. The patient showed a transient regression and 
stability of the tumor after anti-PD-1 treatment for a period of 
seven and half months. The analysis of immunological markers 
in this patient showed a differential expression before and after 
anti-PD-1 treatment and at progression. Although we recognize 
one drawback of including only one patient in this current study, 
we suggest that this immunological monitoring would help 
in providing a critical understanding of the predictive value of 
NY-ESO-1 antibody, NY-ESO-1-specific T cells response, and the 
cytokines/chemokines cascade as biomarkers of the response to 
anti-PD-1 treatment. Further studies are needed to be performed 
in a larger number of cases from HNSCC patients treated with 
anti-PD-1 therapy to confirm our findings.

etHICs stateMeNt

The report was approved by the ethical board of the Hamad 
Medical Corporation, Doha, Qatar. The patient gave informed 
consent to carry out the laboratory analysis and to publish this 
report.

aUtHoR CoNtRIBUtIoNs

SD designed and supervised the study; SD, MM, AR, VI, RK, 
and SU performed research; MH, NA, AN, and AG collected 
clinical data; and SD wrote the paper. MM, AR, and VI contrib-
uted equally in writing sections of the manuscript. All authors 
contributed to manuscript revision, read and approved the 
submitted version.

aCKNoWleDgMeNts

We acknowledge Prof. Karl Richard Alexander Knuth and 
Dr. Gianfranco Pittari for providing intellectual input and 
critical review of the manuscript, Dr. Mohamed Abdelrazek, 
Consultant radiology Hamad general hospital, for providing 
the CT scan images, Dr. Siveen K. Sivaraman for flow cytom-
etry analysis, Dr. Prem Chandra for statistical analysis, and 
Dr. Nassima Abdelwahab for discussion and review of the 
manuscript.

FUNDINg

This case report was funded by Medical Research Center, Hamad 
Medical Corporation as part of MRC grant 17118/17.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive


10

Merhi et al. NYESO-1 Immune Response in HNSCC

Frontiers in Immunology | www.frontiersin.org July 2018 | Volume 9 | Article 1769

ReFeReNCes

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer 
statistics. CA Cancer J Clin (2011) 61(2):69–90. doi:10.3322/caac.20107 

2. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et  al. 
Cancer incidence and mortality worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012. Int J Cancer (2015) 136(5):E359–86. doi:10.1002/
ijc.29210 

3. Warnakulasuriya S. Global epidemiology of oral and oropharyngeal  
cancer. Oral Oncol (2009) 45(4–5):309–16. doi:10.1016/j.oraloncology. 
2008.06.002 

4. Rottey S, Madani I, Deron P, Van Belle S. Modern treatment for nasopha-
ryngeal carcinoma: current status and prospects. Curr Opin Oncol (2011) 
23(3):254–8. doi:10.1097/CCO.0b013e328344f527 

5. Pignon JP, le Maitre A, Maillard E, Bourhis J; MACH-NC Collaborative 
Group. Meta-analysis of chemotherapy in head and neck cancer (MACH-NC):  
an update on 93 randomised trials and 17,346 patients. Radiother Oncol (2009) 
92(1):4–14. doi:10.1016/j.radonc.2009.04.014 

6. Hoffmann TK, Bier H, Whiteside TL. Targeting the immune system: 
novel therapeutic approaches in squamous cell carcinoma of the head and 
neck. Cancer Immunol Immunother (2004) 53(12):1055–67. doi:10.1007/
s00262-004-0530-z 

7. Economopoulou P, Perisanidis C, Giotakis EI, Psyrri A. The emerging role 
of immunotherapy in head and neck squamous cell carcinoma (HNSCC): 
anti-tumor immunity and clinical applications. Ann Transl Med (2016) 
4(9):173. doi:10.21037/atm.2016.03.34 

8. Ferris RL. Immunology and Immunotherapy of head and neck cancer. J Clin 
Oncol (2015) 33(29):3293–304. doi:10.1200/JCO.2015.61.1509 

9. Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas AD, Licitra L, et al. 
Nivolumab for recurrent squamous-cell carcinoma of the head and neck.  
N Engl J Med (2016) 375(19):1856–67. doi:10.1056/NEJMoa1602252 

10. Available from: https://www.fda.gov/drugs/informationondrugs/approved-
drugs/ucm528920.html (Accessed: July 22, 2018).

11. Harrington KJ, Ferris RL, Blumenschein G Jr, Colevas AD, Fayette J, Licitra L,  
et  al. Nivolumab versus standard, single-agent therapy of investigator’s 
choice in recurrent or metastatic squamous cell carcinoma of the head 
and neck (CheckMate 141): health-related quality-of-life results from a 
randomised, phase 3 trial. Lancet Oncol (2017) 18(8):1104–15. doi:10.1016/
S1470-2045(17)30421-7 

12. Kiyota N, Hasegawa Y, Takahashi S, Yokota T, Yen CJ, Iwae S, et al. A ran-
domized, open-label, phase III clinical trial of nivolumab vs. therapy of inves-
tigator’s choice in recurrent squamous cell carcinoma of the head and neck:  
a subanalysis of Asian patients versus the global population in checkmate 141. 
Oral Oncol (2017) 73:138–46. doi:10.1016/j.oraloncology.2017.07.023 

13. Bryan LJ, Gordon LI. Releasing the brake on the immune system: the PD-1 
strategy for hematologic malignancies. Oncology (Williston Park) (2015) 
29(6):431–9. 

14. Tarhini A, Lo E, Minor DR. Releasing the brake on the immune system: ipili-
mumab in melanoma and other tumors. Cancer Biother Radiopharm (2010) 
25(6):601–13. doi:10.1089/cbr.2010.0865 

15. Fujita S, Wada H, Jungbluth AA, Sato S, Nakata T, Noguchi Y, et al. NY-ESO-1 
expression and immunogenicity in esophageal cancer. Clin Cancer Res (2004) 
10(19):6551–8. doi:10.1158/1078-0432.CCR-04-0819 

16. Yuan J, Adamow M, Ginsberg BA, Rasalan TS, Ritter E, Gallardo HF, et al. 
Integrated NY-ESO-1 antibody and CD8+ T-cell responses correlate with 
clinical benefit in advanced melanoma patients treated with ipilimumab. Proc 
Natl Acad Sci U S A (2011) 108(40):16723–8. doi:10.1073/pnas.1110814108 

17. Gupta A, Nuber N, Esslinger C, Wittenbrink M, Treder M, Landshammer A,  
et  al. A novel human-derived antibody against NY-ESO-1 improves the 
efficacy of chemotherapy. Cancer Immun (2013) 13:3. 

18. van Rhee F, Szmania SM, Zhan F, Gupta SK, Pomtree M, Lin P, et  al. 
NY-ESO-1 is highly expressed in poor-prognosis multiple myeloma and 
induces spon taneous humoral and cellular immune responses. Blood (2005) 
105(10):3939–44. doi:10.1182/blood-2004-09-3707 

19. Alegria-Schaffer A, Lodge A, Vattem K. Performing and optimizing western 
blots with an emphasis on chemiluminescent detection. Methods Enzymol 
(2009) 463:573–99. doi:10.1016/S0076-6879(09)63033-0 

20. Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImageJ: 25 years of 
image analysis. Nat Methods (2012) 9(7):671–5. doi:10.1038/nmeth.2089 

21. Zandberg DP, Strome SE. The role of the PD-L1:PD-1 pathway in squamous 
cell carcinoma of the head and neck. Oral Oncol (2014) 50(7):627–32. 
doi:10.1016/j.oraloncology.2014.04.003 

22. Seiwert TY, Burtness B, Mehra R, Weiss J, Berger R, Eder JP, et  al.  
Safety and clinical activity of pembrolizumab for treatment of recur-
rent or metastatic squamous cell carcinoma of the head and neck 
(KEYNOTE-012): an open-label, multicentre, phase 1b trial. Lancet 
Oncol (2016) 17(7):956–65. doi:10.1016/S1470-2045(16)30066-3 

23. Wolchok JD, Hoos A, O’Day S, Weber JS, Hamid O, Lebbe C, et al. Guidelines 
for the evaluation of immune therapy activity in solid tumors: immune- 
related response criteria. Clin Cancer Res (2009) 15(23):7412–20. doi:10.1158/ 
1078-0432.CCR-09-1624 

24. Nicholaou T, Ebert L, Davis ID, Robson N, Klein O, Maraskovsky E, et  al. 
Directions in the immune targeting of cancer: lessons learned from the cancer- 
testis Ag NY-ESO-1. Immunol Cell Biol (2006) 84(3):303–17. doi:10.1111/j. 
1440-1711.2006.01446.x 

25. Jager E, Stockert E, Zidianakis Z, Chen YT, Karbach J, Jager D, et  al. 
Humoral immune responses of cancer patients against "cancer-testis" antigen 
NY-ESO-1: correlation with clinical events. Int J Cancer (1999) 84(5):506–10. 
doi:10.1002/(SICI)1097-0215(19991022)84:5<506::AID-IJC10>3.0.CO;2-6 

26. Fourcade J, Kudela P, Sun Z, Shen H, Land SR, Lenzner D, et al. PD-1 is a 
regulator of NY-ESO-1-specific CD8+ T cell expansion in melanoma patients. 
J Immunol (2009) 182(9):5240–9. doi:10.4049/jimmunol.0803245 

27. Zheng H, Liu X, Zhang J, Rice SJ, Wagman M, Kong Y, et  al. Expression 
of PD-1 on CD4+ T cells in peripheral blood associates with poor clinical 
outcome in non-small cell lung cancer. Oncotarget (2016) 7(35):56233–40. 
doi:10.18632/oncotarget.9316 

28. Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A. Interleukin-10 and the 
interleukin-10 receptor. Annu Rev Immunol (2001) 19:683–765. doi:10.1146/
annurev.immunol.19.1.683 

29. Oft M. IL-10: master switch from tumor-promoting inflammation to anti-
tumor immunity. Cancer Immunol Res (2014) 2(3):194–9. doi:10.1158/2326-
6066.CIR-13-0214 

30. Yamazaki N, Kiyohara Y, Uhara H, Iizuka H, Uehara J, Otsuka F, et  al. 
Cytokine biomarkers to predict antitumor responses to nivolumab suggested 
in a phase 2 study for advanced melanoma. Cancer Sci (2017) 108(5):1022–31. 
doi:10.1111/cas.13226 

31. Park MH, Lee JS, Yoon JH. High expression of CX3CL1 by tumor cells 
correlates with a good prognosis and increased tumor-infiltrating CD8+ 
T  cells, natural killer cells, and dendritic cells in breast carcinoma. J Surg 
Oncol (2012) 106(4):386–92. doi:10.1002/jso.23095 

32. Erreni M, Siddiqui I, Marelli G, Grizzi F, Bianchi P, Morone D, et  al. The 
fractalkine-receptor axis improves human colorectal cancer prognosis by 
limiting tumor metastatic dissemination. J Immunol (2016) 196(2):902–14. 
doi:10.4049/jimmunol.1501335 

33. Yan Y, Cao S, Liu X, Harrington SM, Bindeman WE, Adjei AA, et al. CX3CR1 
identifies PD-1 therapy-responsive CD8+ T cells that withstand chemother-
apy during cancer chemoimmunotherapy. JCI Insight (2018) 3(8):97828. 
doi:10.1172/jci.insight.97828 

34. Choudhary MM, France TJ, Teknos TN, Kumar P. Interleukin-6 role in head 
and neck squamous cell carcinoma progression. World J Otorhinolaryngol 
Head Neck Surg (2016) 2(2):90–7. doi:10.1016/j.wjorl.2016.05.002 

35. Sanmamed MF, Perez-Gracia JL, Schalper KA, Fusco JP, Gonzalez A, 
Rodriguez-Ruiz ME, et al. Changes in serum interleukin-8 (IL-8) levels reflect 
and predict response to anti-PD-1 treatment in melanoma and non-small-cell 
lung cancer patients. Ann Oncol (2017) 28(8):1988–95. doi:10.1093/annonc/
mdx190 

Conflict of Interest Statement: We declare that the research was conducted in  
the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest.

Copyright © 2018 Merhi, Raza, Inchakalody, Nashwan, Allahverdi, 
Krishnankutty, Uddin, Zar Gul, Al Homsi and Dermime. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License  
(CC BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.3322/caac.20107
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1016/j.oraloncology.2008.
06.002
https://doi.org/10.1016/j.oraloncology.2008.
06.002
https://doi.org/10.1097/CCO.0b013e328344f527
https://doi.org/10.1016/j.radonc.2009.04.014
https://doi.org/10.1007/s00262-004-0530-z
https://doi.org/10.1007/s00262-004-0530-z
https://doi.org/10.21037/atm.2016.03.34
https://doi.org/10.1200/JCO.2015.61.1509
https://doi.org/10.1056/NEJMoa1602252
https://www.fda.gov/drugs/informationondrugs/approveddrugs/ucm528920.html
https://www.fda.gov/drugs/informationondrugs/approveddrugs/ucm528920.html
https://doi.org/10.1016/S1470-2045(17)30421-7
https://doi.org/10.1016/S1470-2045(17)30421-7
https://doi.org/10.1016/j.oraloncology.2017.07.023
https://doi.org/10.1089/cbr.2010.0865
https://doi.org/10.1158/1078-0432.CCR-04-0819
https://doi.org/10.1073/pnas.1110814108
https://doi.org/10.1182/blood-2004-09-3707
https://doi.org/10.1016/S0076-6879(09)63033-0
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1016/j.oraloncology.2014.04.003
https://doi.org/10.1016/S1470-2045(16)30066-3
https://doi.org/10.1158/
1078-0432.CCR-09-1624
https://doi.org/10.1158/
1078-0432.CCR-09-1624
https://doi.org/10.1111/j.
1440-1711.2006.01446.x
https://doi.org/10.1111/j.
1440-1711.2006.01446.x
https://doi.org/10.1002/(SICI)1097-0215(19991022)84:5 < 506::AID-IJC10 > 3.0.CO;2-6
https://doi.org/10.4049/jimmunol.0803245
https://doi.org/10.18632/oncotarget.9316
https://doi.org/10.1146/annurev.immunol.19.1.683
https://doi.org/10.1146/annurev.immunol.19.1.683
https://doi.org/10.1158/2326-6066.CIR-13-0214
https://doi.org/10.1158/2326-6066.CIR-13-0214
https://doi.org/10.1111/cas.13226
https://doi.org/10.1002/jso.23095
https://doi.org/10.4049/jimmunol.1501335
https://doi.org/10.1172/jci.insight.97828
https://doi.org/10.1016/j.wjorl.2016.05.002
https://doi.org/10.1093/annonc/mdx190
https://doi.org/10.1093/annonc/mdx190
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Squamous Cell Carcinomas of the Head and Neck Cancer Response to Programmed Cell Death Protein-1 Targeting and Differential Expression of Immunological Markers: A Case Report
	Introduction
	Case Report
	Clinical Response to Nivolumab
	Determination of Antitumor Immune Response

	Methods
	Sample Collection and PBMCs Isolation
	Enzyme-Linked Immunosorbent Assay
	Western Blot Analysis
	ELISpot Assay
	Flow Cytometry Analysis
	Multiplex Analysis
	Statistical Analysis

	Discussion
	Concluding Remarks
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


