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Abstract: The main prognostic factors for patients with head and neck cancer are the tumour site and
stage, yet immunological and metabolic factors are certainly important, although knowledge is still
limited. Expression of the biomarker p16INK4a (p16) in oropharyngeal cancer tumour tissue is one of
the few biomarkers for the diagnosis and prognosis of head and neck cancer. The association between
p16 expression in the tumour and the systemic immune response in the blood compartment has not
been established. This study aimed to assess whether there is a difference in serum immune protein
expression profiles between patients with p16+ and p16- head and squamous cell carcinoma (HNCC).
The serum immune protein expression profiles, using the Olink® immunoassay, of 132 patients
with pl6+ and pl6- tumours were compared before treatment and one year after treatment. A
significant difference in the serum immune protein expression profile was observed both before and
one year after treatment. In the p16- group, a low expression of four proteins: IL12RB1, CD28, CCL3,
and GZMA before treatment conferred a higher rate of failure. Based on the sustained difference
between serum immune proteins, we hypothesise that the immunological system is still adapted to
the tumour p16 status one year after tumour eradication or that a fundamental difference exists in
the immunological system between patients with p16+ and p16- tumours.
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1. Introduction

Malignant tumours of the head and neck is the sixth-most prevalent cancer type in
the world, and its prevalence has risen, primarily because of an increase in oropharyngeal
cancers that are human papilloma virus (HPV)-positive [1]. More than 90% are squamous
carcinoma (HNSCC) arising in the mucosal lining of the upper aerodigestive tract. A
distinctive feature of HNSCC is its anatomical site-specific pattern, which has implications
for treatment, recurrence, and survival. More than half of the patients experience loco-
regional or distance relapse despite aggressive multimodal treatment.

The most widely accepted and used system for staging HNSCC is The American Joint
Committee on Cancer/International Union Against Cancer TNM (TNM) staging system.
The staging system is mainly anatomical, taking into account the size of the tumour and
its relationship to the surrounding tissue, its spread to lymph nodes, or metastatic spread.
The system is relatively simple and user-friendly, with high acceptance and compliance
worldwide, but the hazard discrimination within each stage could be improved. For more
precise patient outcome prediction tumour-related factors (i.e., biomarkers) such as genomic
alternations, altered signalling pathways and factors in the tumour microenvironment need
to be included [2].

The latest version of the TNM system (8th), published in 2017, incorporates one
biomarker for head and neck cancer, p16INK4a (p16) [3]. P16 is as a surrogate marker
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for high-risk HPV infection in oropharyngeal carcinomas (OPSCC) [4]. P16+ OPSSC is
a distinct subtype, and patients with this subtype have a better prognosis than patients
with p16- OPSCC [5,6]. Immunohistochemistry for p16 is available in most pathology
laboratories and is relatively simple to perform with high sensitivity and specificity.

Immunological and metabolic factors undoubtedly play an important role in HNSCC
prognosis. HPV-positive tumours are reported to have a higher infiltration of T cells than
HPV-negative tumours [7]. The association between p16 expression in the tumour and the
systemic immune response in the blood compartment has not been established.

The aim of the present study was to analyse whether there is a difference in serum
immune protein expression profiles between patients with p16+ and p16- HNSCC pre-and
one-year post-treatment.

2. Results
2.1. Patient and Tumour Characteristics at Baseline

The p16+ group had a lower stage, were younger, received chemoradiotherapy more
often, and had a better prognosis compared to the p16- group. The patient characteristics
are provided in Table 1.

Table 1. Characteristics of a cohort consisting of 132 patients with head and neck cancer. p-values
for sex, site, stage, and treatment were calculated using Fischer’s exact test. For age, the Wilcoxon
rank-sum test was used. (* Fischer’s exact test, ** Wilcoxon rank-sum test).

[ p16 Status
Total (N = 132) pl6+ (N = 82) p16- (N = 50) p-Value
Age at Diagnosis. Mean (Median) 62 (62) 60 (60) 65 (67) 0.003 *
Count Column N % | Count Column N % Count Column N %
Sex Male 97 73% 64 78% 33 66% 0.16 **
Female 35 27% 18 22% 17 34%
Site Oropharynx 75 57% 70 86% 5 10% <0.001 **
Oral cavity 28 21% 6 7% 22 44%
Larynx 17 13% 1 1% 16 32%
Hypopharynx 5 4% 0 0% 5 10%
Nasopharynx 3 2% 1 1% 2 4%
Nose and nasal sinuses 3 2% 3 4% 0 0%
Unkown primary 1 1% 1 1% 0 0%
Stage 1 61 46% 47 57% 14 28% <0.001 **
I 26 20% 15 18% 11 22%
I 26 20% 18 22% 8 16%
IVa 16 12% 1 1% 15 30%
IVb 3 2% 1 1% 2 4%
Treatment | Surgery as monotherapy 11 8% 4 5% 7 14% <0.001 **
Radiotherapy as 46 35% 33 40% 13 26%
monotherapy
Surgery and radiotherapy 23 17% 6 7% 17 34%
Chemoradiotherapy+surgery | 41 31% 31 38% 10 20%
Radiotherapy+anti- 11 8% 8 10% 3 6%
EGFR+surgery

2.2. Serum Immune Proteins Expression at Baseline

Statistically significant mean differences in protein expression between the p16+ group
and pl6- group were found for 5 of 92 proteins (PTN, ARG1, CD28, TNFRSF12A, and
CD70); with lower expression in the p16+ group (Figure 1).

2.3. Serum Immune Protein Expression at Baseline and Effect on Cumulative Incidence of Failure

A significant effect on the cumulative incidence of failure was independently observed
for the four proteins at baseline. Patients with high expression of CD244, TNFRSF21, IL12,
or IL5 showed a lower cumulative incidence of failure during the two-year follow-up
period, as shown in Figure 2.
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Figure 1. Forest plot on the effect of the p16 status on protein expression at baseline. Bars represent
the confidence interval (CI), and the box represents the median.
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Figure 2. Univariable risk of treatment failure. Serum immune protein levels at baseline with an
effect on the cumulative incidence of failure. Regression analysis. NPX values for each protein were
grouped into a low and high group using the median as the cut-off. X-axis shows the odds ratio.
Hazard ratio (HR). Bars represent the confidence interval (CI), and the box represents the median.

2.4. The Interaction between p16 and Serum Immune Protein Expression at Baseline in Relation to
Treatment Failure

A significant interaction was observed between p16 and four proteins: IL12RB1, CD28,
CCL3, and GZMA. The NPX values for each protein were grouped into low and high
groups, using the median as the cut-off. Low expression of each protein and p16- conferred
a higher failure rate; however, low expression and p16+ did not affect the outcome (Figure 3).
The strongest interaction was observed between p16 and a low expression of IL12RB1.

2.5. Serum Protein Expression 12 Months after Primary Treatment in Patients without Failure

Two years after the primary treatment, 92 patients had no treatment failure, and the
patient characteristics are presented in Table 2. Of the 40 patients with treatment failure,
16 had a recurrence but were still alive at 24 months. The tumour sites of patients with
treatment failure are presented in Table 3. The serum immune protein levels at 12 months
in patients without treatment failure differed significantly for twenty-two proteins, with
lower expression in the p16+ tumour group (Figure 4). All but one (ARG1) of the proteins
with significantly lower expression at baseline in the p16+ tumour group also showed
lower expression at 12 months—that is, PTN, TNFRSF12A, CD28, and CD70.
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Figure 3. The interaction between p16 and proteins in relation to treatment failure. (< Median

= Low values, > High values. Y-axis: Cumulative incidence of failure. X-axis: Months since end

of treatment).

Table 2. Characteristics of patients without failure (recurrent tumour or death) within two years of

the primary treatment.

p16 Status
Total (N = 92) p16+ (N = 64) p16- (N = 28)
Age at Diagnosis. Mean (Median) 61 (62) 59 (60) 65 (64)
Count Column N % | Count Column N % Count Column N % Chi Square
Sex Male 69 75% 50 78% 19 68% 03
Female 23 25% 14 22% 9 32%
Site Oropharynx 55 60% 54 86% 1 4% <0.001
Oral cavity 19 21% 5 8% 14 50%
Larynx 12 13% 1 2% 11 39%
Hypopharynx 1 1% 0 0% 1 4%
Nasopharynx 2 2% 1 2% 1 4%
Nose and nasal sinuses 2 2% 2 3% 0 0%
Unknown primary 1 1% 1 2% 0 0%
Stage I 52 57% 42 66% 10 36% 0.005
I 19 21% 11 17% 8 29%
I 13 14% 9 14% 4 14%
1Va 7 8% 1 2% 6 21%
IVb 1 1% 1 2% 0 0%
Treatment | Surgery as monotherapy 7 8% 3 5% 4 14% 0.004
Radiotherapy as 34 37% 26 41% 8 29%
monotherapy
Surgery and radiotherapy 13 14% 4 6% 9 32%
Chemoradiotherapy£surgery | 30 33% 25 39% 5 18%
Radiotherapy-+anti- 8 9% 6 9% 2 7%
EGFR+surgery
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Table 3. p16 status and tumour site for patients with treatment failure (recurrent tumour or death)
within two years of the primary therapy.

Total ple6+ pl1e-
Recurrence Recurrence Recurrence
Dead (N = 24) (N = 16) Dead (N =5) (N = 13) Dead (N =19) (N = 3)
Oropharynx 9 11 5 11 4
Oral cavity 7 2 1 7 1
Si Larynx 4 4 1
1te Hypopharynx 4 4
Nasopharynx 1 1
Nose and
. 1 1
nasal sinuses
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Figure 4. Forest plot on the effect of the p16 status on protein expressions at 12 months after the
primary treatment in patients without failure within two years of the primary treatment. Only proteins
with significant differences are shown, with increasing p-values from left to right (CXCL13 p = 0.000,
HGEF p = 0.042). Bars represent the confidence interval (CI), and the box represents the median.

3. Discussion

In this prospective exploratory study of a mixed cohort of head and neck cancer
patients, we compared the expression of serum immune proteins in two groups of patients:
those with p16+ HNSCC and those with p16- HNSCC. Different expressions of serum
immune proteins were seen before the initiation of treatment, as well as in blood serum
samples taken at the one-year follow-up appointment. These results indicate that there
might be a difference in host immunity between patients with p16+ and p16- HNSCC
unrelated to the presence of a viable tumour.

Patients with p16+ OPSSC generally have a better prognosis and outcome compared
to p16- OPSCC [5,6]. The majority of HPV-negative HNSCC are p16-, mainly due to the
loss of chromosome 9p, including CDKN2A (9p21). The loss of chromosome 9p, together
with mutations in TP53 and loss of chromosome 3, are the most frequent genetic alterations
in the early carcinogenesis of HNSCC [8,9]. In OPSSC, p16+ is strongly correlated with the
expression of HPV E7 oncoprotein [9] and is a surrogate marker for a transcriptionally active
infection with a high-risk human papillomavirus (HPV), most commonly HPV-16 [10].

In the pl6+ group, 70 of the 82 patients had OPSSC. The overexpression of p16 is
known to occur in a few HPV-negative tumours in the oral cavity, larynx, hypopharynx,
nasopharynx, and nasal sinuses [11]. The reason for the overexpression of p16 in HPV-
negative tumours is not well understood. The overexpression could be attributed to
non-functional missense mutations with inactive p16 or the expression of high levels of



Int. ]. Mol. Sci. 2023, 24, 3838

6 of 12

active p16 due to mutations in the histone methyltransferase NSD1 [11]. The impact of p16
overexpression on outcomes in non-OPSCC patients remains uncertain, although some
studies have suggested an improved outcome [12-15].

The identification of immune proteins and the association between protein expression
and prognosis in HPV-induced cancer has been widely studied in experimental and clinical
research. However, there are only a few comprehensive studies on the serum immune
profiles of HNSCC patients. The approach undertaken in the present study enabled the
study of systemic serum immune proteins in patients with p16+ and p16- HNSCC tumours,
which were characterised by blood samples taken before treatment and one year after the
termination of treatment.

Analysing the entire cohort at baseline, when all patients were affected by a HNSCC,
5 out of 92 proteins had significantly lower means in the p16+ group: PTN, ARG1, CD28,
CD70, and TNFRSF 12A. At one year, in patients without treatment failure, the immune
profiles demonstrated a clear-cut distinction, as the immune profiles of 22 proteins differed
between the two groups, all with lower means in the p16+ group. All but one protein
(ARG1) that differed at baseline also displayed lower means after one year. A few earlier
studies have assessed the clinical significance of the serum levels of these four proteins in
patients with malignant diseases.

CD28 is an important immune checkpoint protein on the surface of CD8+ T cells. High
serum levels of CD28, among other immune checkpoint proteins, have been associated
with worse prognosis in prostate cancer [16].

CD70 is a cytokine belonging to the tumour necrosis factor superfamily and is ex-
pressed only on activated T and B cells, dendritic cells, and NK cells. The interaction
of CD70 with its receptor, CD27, results in B- and T-cell activation. In a recent study,
Swiderska et al. found evidence of a correlation between the serum CD70 concentration
and overall survival in patients with ovarian cancer [17]. The authors also showed that
higher concentrations of CD70 in the peritoneal fluid were associated with peritoneal
carcinomatosis. Elevated expression in ovarian cancer has been associated with resistance
to cisplatin therapy [18].

TNFRSF12A (FN14, TWEAKR, and CD266—tumour necrosis factor receptor super-
family 12A) is the receptor for TWEAK, with low expression in most tissues. TNFRSF12A
appears to be an important protein in the proliferation, invasion, and migration of tumour
cells and is overexpressed in many different cancers [19,20]. In a case—control study, Chang
et al. identified that the serum levels of TNFRSF12A were lower in patients with non-small-
cell lung cancer than in healthy controls and were not correlated with cell type, TNM stage,
or metastasis status [21].

PTN (pleiotrophin) is a secreted multifunctional protein that affects cell growth and
survival, migration, angiogenesis, and tumorigenesis. Increased serum levels have been
associated with metastatic disease in patients with prostate cancer [22]. In patients with col-
orectal cancer, the serum levels were higher than those in the non-cancer control group [23].
In patients with small-cell lung cancer, the serum levels were elevated compared to those
in patients with benign lung disease and were associated with a worse prognosis [24].
Moreover, in a study by Souttou et al., elevated levels of PTN normalised after tumour
resection [25].

The main function of Arg-1 (Arginase 1) is converting L-arginine to urea and L-
ornithine in the liver. Arg-1 is also expressed in bone marrow and some hemopoietic cells.
M2 macrophages can express ARG-1 mediated by IL-4 and IL-13. Stroma cells and tumour
cells may also express ARG-1. Increased levels have been reported in different cancers, but
the effect on the prognosis is uncertain. High levels in the tumour microenvironment are
most likely immunosuppressive. Increased Arg-1 activity is seen in many tumours, such
as head and neck cancer, and increased plasma levels have also been observed in ovarian
cancer patients [26,27].

The difference in the serum protein expression at diagnosis between patients with p16+
and p16- draws our attention to immunological effects induced by a history of persistent
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high-risk HPV infections in many patients with p16+ tumours. Most HPV infections are
cleared by the immune system; however, high-risk HPV can evade immune surveillance.
HPV-encoded E6 and E7 oncoproteins have been shown to play an essential role in HPV
escape from the immune system by suppressing NF-kB activity [28,29]. The immunological
effects of high-risk HPV infections are complex and involve a wide range of mechanisms
within the immune system, including CD8 cell effects in HPV-positive HNSCC [30]. The
protein alterations driven by HPV-induced oncoproteins may contribute to the significantly
lower expression levels of the five proteins found in the serum at diagnosis in patients
treated for p16+ HNSCC. However, the most remarkable result to emerge from this study
is the large difference in the serum immune protein profile at one year after termination
of the treatment in the two groups of recurrence-free patients. One could assume that
there would not be any difference in the serum immune protein expression profile if it
depended only on the tumour-host interaction, which can most probably be seen prior to
treatment. The exact role of this difference in long-term outcomes should be established
in future studies. However, this finding allows us to speculate that an adaption of the
immunological system to the tumour p16 status is either still maintained even one year after
tumour eradication or that there is a fundamental difference in the patient’s immunological
system, perhaps conveying a susceptibility to HPV infection from the start. Given that our
findings are based on the p16 status and not the HPV status, the findings should be treated
with considerable caution, and unintended bias cannot be ruled out.

The effect of the serum protein levels at baseline on failure was also analysed. In the
whole group, low levels of CD244, TNFRSF21, IL12, and IL5 all independently conferred a
higher cumulative incidence of failure. Low levels of CD244, the ligand of CD48, expressed
in various immune cells such as NK cells [31] with dual immunomodulatory effects [32],
had a strong effect on failure.

In the interaction analysis, low baseline levels of IL12RB1, CD28, CCL3, and GZMA
conferred worse outcomes in the p16- group but not in the p16+ group. The strongest
interaction was with IL12RB1, which forms a functional high-affinity receptor for IL12, in
association with IL12RB2.

Recognising the limited knowledge on which role these proteins play in the immune
response and resistance to tumour recurrence in p16+ and p16- HNSCC, respectively, it is
reasonable to consider how the levels of immune proteins in the blood represent events
in the tumour tissue and the tumour microenvironment. Knowledge about the interplay
between these compartments is still limited and has a strong reason to be explored in detail,
particularly for the development of biomarkers of prognostic significance in the HNSCC
environment [33-36].

Even though there are inherent limitations in our approach of mapping the immune
profiles in p16+ HNSSC and p16- HNSCC, the results may add some critical information to
better understand the background of the differences in treatment outcomes seen in the two
groups. Advances in this field can also be valuable when seeking effective individualised
treatments based on the HPV status. In the analysis of tumour-promoting biological
processes in HNSCC, immune profiling is the most valuable for identifying either an
inflammatory or immunosuppressive phenotype. Tumours are prone to infiltration by
various immune cells. In contrast to analysis of the blood compartment, immune cell
profiling of tumour tissues can identify the immune signature and differentiate between
hot, cold, and excluded tumours [37,38]

In a recent review, Bhat et al. summarised the present knowledge on the contribut-
ing factors of secreted proteins in the TME for the importance of the aggressive nature
of HNSSC, with special reference to the HPV status [39]. Repeated blood assessments
may have suitable properties for follow-up patients previously treated for HNSSC. The
expression of immune proteins has recently been characterised in tumour samples from
patients with HPV-positive and HPV-negative OPSSC; Ramqvist et al. analysed samples
from 59 patients using the same technique as in our study (Olink, PEA) but also used
two other panels in addition to the IMMUNO-ONCOLOGY panel. In tumour tissues,
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significant differences in the expression of 34 proteins were observed in HPV-positive and
HPV-negative tumours [40]. Although the study analysed a different compartment (tumour
tissue), some comparisons with our study are still interesting. A discrete association with
the findings in the present study can be noticed; TNFRSF12A showed lower expression in
HPV-positive tumours, in line with our results from the serum analysis.

To our knowledge, no earlier published studies have compared how immune protein
expression in the serum is affected by the p16 status. A difference in peripheral cytokine
levels in HPV+ and HPV- patients has been reported previously; however, with the use of
different techniques, it is difficult to draw direct comparisons. Mytilineos et al. measured
cytokines in the blood before and up to one year after the treatment of patients with HNSCC.
The Granzyme B (GZMB) and MIP-13 (CCL4) levels were increased during the treatment
course in the HPV-positive group, but there were no differences before or 12 months after
treatment [41]. Dickinson et al. aimed to identify cost-effective serum markers to improve
decisions at risk of misclassification based on the p16 status alone. Of the 174 analysed
serum proteins before treatment, three differed between HPV-positive and HPV-negative
patients: complement component C7 (C7), apolipoprotein F (ApoF), and galectin-3-Binding
Protein (LGALS3BP) [42]. Aarstad et al. reported no differences depending on the HPV
status in an acute-phase cytokine profile before treatment in 144 patients with HNSCC [43].

This study has some limitations, and information on the HPV status could further
illustrate possible differences in the immune response. There is some heterogeneity regard-
ing tumour sites, with most p16+ tumours located in the oropharynx, mirroring the clinical
situation. In addition, the majority of p16+ tumours were stages I and II (TNM staging
system, 8th version) compared to a more even distribution in the p16- group, which could
affect the failure rate. Only blood samples were available for this study, which roughly
mirrored the immune response in the TME. To further understand the interplay between
tumour cells, simultaneous assessments of immune cells in the TME and the serum immune
system are needed.

4. Materials and Methods
4.1. Study Design

The present study was part of a large prospective observational study performed at
three head and neck cancer centres in Sweden. The inclusion criteria were curable, newly
diagnosed untreated HNC and a performance status of 0-2, according to the WHO/ECOG
Performance Status Scale. Exclusion criteria included previous treatment for malignant
neoplasms within the last 5 years (except for skin cancer), immune therapy, severe alco-
holism, cognitive impairments, or other inability to participate and understand Swedish.
Blood was drawn from the patients before treatment (baseline) and one year after treat-
ment termination. The samples were stored in serum at —70 °C at the Uppsala Biobank
(approved RCC 2015-0025). This study was registered at ClinicalTrials.gov (NCT03343236).
The present study is an extension of our earlier study aimed at determining the immune
reaction to different treatment modalities [44].

The cohort in the present study consisted of 132 patients with a known p16 status
and at least two years of follow-up; 82 patients were p16+, and 50 patients were p16-.
All patients were staged according to the Union for International Cancer Control TNM 8
staging system and treated according to the Swedish National Guidelines for Head and
Neck Cancer. Patients were treated at one of the participating university hospitals: Uppsala,
Orebro, or Umea. The patients were under surveillance with clinical examinations every
three months, and radiological investigations were performed if recurrence was suspected.
An evaluation of the treatment response in patients with oropharyngeal squamous cell
carcinoma was performed using FDG-PET/CT 3 months after treatment termination. A
representative study met with the included patients before treatment at one and two years
after the termination of treatment. All patients were treated with curative intent and
showed no evidence of generalised disease at enrolment in the study.
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Treatment failure was defined as death due to any cause or recurrence within 24 months
of the primary treatment. Disease recurrence was defined as viable cancer in a biopsy
and/or salvage operation specimens after the primary treatment. For oropharyngeal can-
cer, neck dissection with viable cancer after primary radiotherapy or chemoradiation was
defined as salvage surgery.

Blood was drawn before treatment (baseline) and 12 months after therapy, and the
serum was analysed by Olink Proteomics LC using the Olink® IMMUNO-ONCOLOGY
immunoassay (Olink Proteomics, Uppsala, Sweden). The Olink® IMMUNO-ONCOLOGY
immunoassay measures 92 immuno-oncology-related human proteins using a proximity
extension assay [45]. This panel offers the simultaneous analysis of protein biomarkers
involved in adaptive immune responses, lymphocyte activation, inflammatory responses,
and cytokine-mediated signalling pathways. The results are expressed as normalised
protein expression (NPX), an arbitrary unit on the Log2 scale [46].

4.2. Statistical Analysis

Descriptive statistics presented distributions as the number of cases with percentages
for categorical variables and as medians, together with their minimum and maximum
values. Distributional differences in the categorical variables and p16 status were tested
using Fisher’s exact test, and differences in the continuous variables were tested using the
Mann-Whitney test. Associations between 92 protein expression levels and the p16 status
were estimated using linear regression. The results from these models were presented as the
mean difference (MD) (mean difference = protein log2 level of the p16+ group minus protein
log?2 level of the p16- group), 95% confidence interval (CI), and Wald p-value. Survival
time was calculated from the date of treatment to the date of recurrence or death. For
event-free patients, the time was calculated from the day of treatment to the date of the last
clinical visit. Graphs illustrating the cumulative incidence of failure were calculated using
the Kaplan—-Meier method. The effect of the P16 status and serum immune protein levels
(NPX values for each protein were grouped into low and high groups using the median
as the cut-off.) on time to failure were estimated using proportional hazards regression
and presented as hazard ratios (HR), together with 95% ClIs and Wald p-values. Deviations
from the proportional hazard assumptions were evaluated by testing the nonzero slope of
the scaled Schoenfeld residuals over time. The reported p-values were two-sided, and the
level of significance was set at 0.05.

5. Conclusions

In this study, we found significant differences in the serum immune protein expression
profiles between patients with p16+ and p16- tumours. For four proteins (PTN, CD28,
TNEFRSF 12A, and CD70), differences in their expression were apparent both before treat-
ment and one year after treatment in patients without treatment failure. In addition, a low
expression of IL12RB1, CD28, CCL3, and GZMA before treatment in the p16- tumour group
conferred a higher rate of failure.

Author Contributions: Conceptualisation, Y.T.E. and G.L.; Methodology, K.S., Y.T.E. and G.L.; Soft-
ware, HJ. and ES.; Validation, Y.T.E. and G.L.; Formal Analysis, H.J. and ES.; Investigation, G.L.;
Resources, G.L., K.S. and Y.T.E.; Data Curation, H.J., K.S. and G.L.; Writing—Original Draft Prepara-
tion, K.S. and G.L.; Writing—Review and Editing, K.S., Y.T.E,, ES., H]J. and G.L.; Visualisation, K.S.,
H.J. and ES.; Supervision, G.L.; Project Administration, G.L. and Y.T.E.; and Funding Acquisition,
K.S.,, Y.TEE. and G.L. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Swedish Cancer Society, 2015/363; the Swedish Cancer
Society, 2018/502; the Kamprad Family Foundation for Entrepreneurship, Research, and Charity,
20150003; and Uppsala-Orebro Regional Research Council, 561121.

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and approved by the Regional Ethical Review Board in Uppsala (study
No. 2014/447).



Int. ]. Mol. Sci. 2023, 24, 3838 10 of 12

Informed Consent Statement: Informed consent was obtained from all persons involved in the study.
Data Availability Statement: Data are available upon request.

Acknowledgments: The authors wish to thank Patrik Micke (Department of Immunology, Genetics
and Pathology, Cancer Immunotherapy, Uppsala University, Uppsala, Sweden), and Karin Nylander
(Department of Medical Biosciences, Pathology, Umed University, Umea, Sweden) for the analyses of
p16 expression in the tumour samples, as well as the research nurses Nilla West66, Charlotta Ryman,
and Brith Granstrom and all participating ENT clinics in the Middle Sweden and northern regions.
Special thanks also to all participating patients.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Sung, H.; Ferlay, |J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Van Den Bossche, V.; Zaryouh, H.; Vara-Messler, M.; Vignau, J.; Machiels, ]J.P.; Wouters, A.; Schmitz, S.; Corbet, C.
Microenvironment-driven intratumoral heterogeneity in head and neck cancers: Clinical challenges and opportunities for
precision medicine. Drug Resist. Updates 2022, 60, 100806. [CrossRef] [PubMed]

Amin, M.B.; Greene, F.L.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R,;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer |. Clin. 2017, 67, 93-99. [CrossRef] [PubMed]

Prigge, E.S.; Arbyn, M.; Von Knebel Doeberitz, M.; Reuschenbach, M. Diagnostic accuracy of p16(INK4a) immunohistochemistry
in oropharyngeal squamous cell carcinomas: A systematic review and meta-analysis. Int. |. Cancer 2017, 140, 1186-1198.
[CrossRef] [PubMed]

Ang, K.K.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tan, PF.; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu,
C.; et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. ]. Med. 2010, 363, 24-35. [CrossRef]
[PubMed]

Nordfors, C.; Grun, N.; Tertipis, N.; Ahrlund-Richter, A.; Haeggblom, L.; Sivars, L.; Du, J.; Nyberg, T.; Marklund, L.; Munck-
Wikland, E.; et al. CD8+ and CD4+ tumour infiltrating lymphocytes in relation to human papillomavirus status and clinical
outcome in tonsillar and base of tongue squamous cell carcinoma. Eur. J. Cancer 2013, 49, 2522-2530. [CrossRef]

Welters, M.].P,; Santegoets, S.J.; van der Burg, S.H. The Tumor Microenvironment and Immunotherapy of Oropharyngeal
Squamous Cell Carcinoma. Front. Oncol. 2020, 10, 545385. [CrossRef]

Leemans, C.R.; Snijders, PJ.E; Brakenhoff, R.H. The molecular landscape of head and neck cancer. Nat. Rev. Cancer 2018,
18, 269-282. [CrossRef]

Califano, J.; Van Der Riet, P.; Westra, W.; Nawroz, H.; Clayman, G.; Piantadosi, S.; Corio, R.; Lee, D.; Greenberg, B.; Koch, W.; et al.
Genetic progression model for head and neck cancer: Implications for field cancerization. Cancer Res. 1996, 56, 2488-2492.
[CrossRef]

Pannone, G.; Rodolico, V.; Santoro, A.; Lo Muzio, L.; Franco, R.; Botti, G.; Aquino, G.; Pedicillo, M.C.; Cagiano, S.; Campisi,
G.; et al. Evaluation of a combined triple method to detect causative HPV in oral and oropharyngeal squamous cell carcinomas:
p16 Immunohistochemistry, Consensus PCR HPV-DNA, and In Situ Hybridization. Infect. Agent. Cancer 2012, 7, 4. [CrossRef]
Lechner, M.; Chakravarthy, A.R.; Walter, V.; Masterson, L.; Feber, A.; Jay, A.; Weinberger, PM.; Mcindoe, R.A.; Forde, C.T.; Chester,
K. et al. Frequent HPV-independent p16/INK4A overexpression in head and neck cancer. Oral. Oncol. 2018, 83, 32-37. [CrossRef]
[PubMed]

Harris, S.L.; Thorne, L.B.; Seaman, W.T.; Hayes, D.N.; Couch, M.E; Kimple, R.]. Association of p16(INK4a) overexpression with
improved outcomes in young patients with squamous cell cancers of the oral tongue. Head Neck 2011, 33, 1622-1627. [CrossRef]
[PubMed]

Chung, C.H.; Zhang, Q.; Kong, C.S.; Harris, J.; Fertig, E.J.; Harari, PM.; Wang, D.; Redmond, K.P.; Shenouda, G.; Trotti, A.; et al.
p16 protein expression and human papillomavirus status as prognostic biomarkers of nonoropharyngeal head and neck squamous
cell carcinoma. J. Clin. Oncol. 2014, 32, 3930-3938. [CrossRef] [PubMed]

Fakhry, C.; Westra, W.H.; Wang, S.J.; Van Zante, A.; Zhang, Y.; Rettig, E.; Yin, L.X.; Ryan, WR; Ha, PK.; Wentz, A_; et al. The
prognostic role of sex, race, and human papillomavirus in oropharyngeal and nonoropharyngeal head and neck squamous cell
cancer. Cancer 2017, 123, 1566-1575. [CrossRef] [PubMed]

Bryant, A.K,; Sojourner, E.J.; Vitzthum, L.K.; Zakeri, K.; Shen, H.; Nguyen, C.; Murphy, ].D.; Califano, J.A.; Cohen, E.EEW.; Mell,
L.K. Prognostic Role of p16 in Nonoropharyngeal Head and Neck Cancer. J. Natl. Cancer Inst. 2018, 110, 1393-1399. [CrossRef]
[PubMed]

Wang, Q.; Ye, Y,; Yu, H,; Lin, S.-H.; Tu, H,; Liang, D.; Chang, D.W.; Huang, M.; Wu, X. Immune checkpoint-related serum proteins
and genetic variants predict outcomes of localized prostate cancer, a cohort study. Cancer Immunol. Immunother. 2021, 70, 701-712.
[CrossRef]


http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1016/j.drup.2022.100806
http://www.ncbi.nlm.nih.gov/pubmed/35121337
http://doi.org/10.3322/caac.21388
http://www.ncbi.nlm.nih.gov/pubmed/28094848
http://doi.org/10.1002/ijc.30516
http://www.ncbi.nlm.nih.gov/pubmed/27859245
http://doi.org/10.1056/NEJMoa0912217
http://www.ncbi.nlm.nih.gov/pubmed/20530316
http://doi.org/10.1016/j.ejca.2013.03.019
http://doi.org/10.3389/fonc.2020.545385
http://doi.org/10.1038/nrc.2018.11
http://doi.org/10.1016/S0194-5998(96)80631-0
http://doi.org/10.1186/1750-9378-7-4
http://doi.org/10.1016/j.oraloncology.2018.06.006
http://www.ncbi.nlm.nih.gov/pubmed/30098776
http://doi.org/10.1002/hed.21650
http://www.ncbi.nlm.nih.gov/pubmed/21990227
http://doi.org/10.1200/JCO.2013.54.5228
http://www.ncbi.nlm.nih.gov/pubmed/25267748
http://doi.org/10.1002/cncr.30353
http://www.ncbi.nlm.nih.gov/pubmed/28241096
http://doi.org/10.1093/jnci/djy072
http://www.ncbi.nlm.nih.gov/pubmed/29878161
http://doi.org/10.1007/s00262-020-02718-1

Int. ]. Mol. Sci. 2023, 24, 3838 11 0f12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Swiderska, J.; Koztowski, M.; Gaur, M.; Pius-Sadowska, E.; Kwiatkowski, S.; Machaliniski, B.; Cymbaluk-Ploska, A. Clinical
Significance of BTLA, CD27, CD70, CD28 and CD80 as Diagnostic and Prognostic Markers in Ovarian Cancer. Diagnostics 2022,
12, 251. [CrossRef]

Liu, N.; Sheng, X; Liu, Y.; Zhang, X.; Yu, J. Increased CD70 expression is associated with clinical resistance to cisplatin-based
chemotherapy and poor survival in advanced ovarian carcinomas. Onco Targets Ther. 2013, 6, 615-619. [CrossRef]

Hu, G,; Zeng, W.; Xia, Y. TWEAK/Fn14 signaling in tumors. Tumour Biol. 2017, 39, 1010428317714624. [CrossRef]

Acharya, S.; Prabhu, P; Patil, V.S.; Acharya, A.B.; Nikhil, K. Inmunohistochemical expression of tumor necrosis factor-like weak
inducer of apoptosis and fibroblast growth factor-inducible immediate early response protein 14 in oral squamous cell carcinoma
and its implications. J. Investig. Clin. Dent. 2019, 10, €12469. [CrossRef]

Chang, W.A,; Yen, M.C.; Hung, ].Y.; Yang, C.J.; Jian, S.F; Yeh, L].; Liu, K.T.; Hsu, Y.L.; Kuo, P.L. Investigation of the role of tumor
necrosis factor-like weak inducer of apoptosis in non-small cell lung cancer. Oncol. Rep. 2018, 39, 573-581. [CrossRef] [PubMed]
Liu, S.; Shen, M.; Hsu, E.-C.; Zhang, C.A.; Garcia-Marques, F.; Nolley, R.; Koul, K.; Rice, M.A.; Aslan, M.; Pitteri, S.J.; et al.
Discovery of PTN as a serum-based biomarker of pro-metastatic prostate cancer. Br. J. Cancer 2021, 124, 896-900. [CrossRef]
[PubMed]

Kong, Y.; Bai, P.S.; Nan, K.J.; Sun, H.; Chen, N.Z.; Qi, X.G. Pleiotrophin is a potential colorectal cancer prognostic factor that
promotes VEGF expression and induces angiogenesis in colorectal cancer. Int. J. Color. Dis. 2012, 27, 287-298. [CrossRef]
[PubMed]

Xu, C.; Wang, Y.; Yuan, Q.; Wang, W.; Chi, C.; Zhang, Q.; Zhang, X. Serum pleiotrophin as a diagnostic and prognostic marker for
small cell lung cancer. J. Cell. Mol. Med. 2019, 23, 2077-2082. [CrossRef]

Souttou, B.; Juhl, H.; Hackenbruck, J.; Rockseisen, M.; Klomp, H.J.; Raulais, D.; Vigny, M.; Wellstein, A. Relationship between
serum concentrations of the growth factor pleiotrophin and pleiotrophin-positive tumors. J. Natl. Cancer Inst. 1998, 90, 1468-1473.
[CrossRef]

Lang, S.; Bruderek, K.; Kaspar, C.; Hoing, B.; Kanaan, O.; Dominas, N.; Hussain, T.; Droege, F.; Eyth, C.; Hadaschik, B.; et al.
Clinical Relevance and Suppressive Capacity of Human Myeloid-Derived Suppressor Cell Subsets. Clin. Cancer Res. 2018,
24,4834-4844. [CrossRef]

Coosemans, A.; Decoene, J.; Baert, T.; Laenen, A.; Kasran, A.; Verschuere, T.; Seys, S.; Vergote, I. Inmunosuppressive parameters
in serum of ovarian cancer patients change during the disease course. Oncoimmunology 2016, 5, €1111505. [CrossRef]
Spitkovsky, D.; Hehner, S.P.; Hofmann, T.G.; Moller, A.; Schmitz, M.L. The human papillomavirus oncoprotein E7 attenuates
NF-kappa B activation by targeting the Ikappa B kinase complex. J. Biol. Chem. 2002, 277, 25576-25582. [CrossRef]

Rm, D.A.C.; Bastos, M.M.; Medeiros, R.; Oliveira, P.A. The NFkB Signaling Pathway in Papillomavirus-induced Lesions: Friend
or Foe? Anticancer Res. 2016, 36, 2073-2083.

Eberhardt, C.S,; Kissick, H.T.; Patel, M.R.; Cardenas, M.A.; Prokhnevska, N.; Obeng, R.C.; Nasti, T.H.; Griffith, C.C.; Im, S.J.; Wang,
X.; et al. Functional HPV-specific PD-1(+) stem-like CD8 T cells in head and neck cancer. Nature 2021, 597, 279-284. [CrossRef]
Agresta, L.; Lehn, M.; Lampe, K.; Cantrell, R.; Hennies, C.; Szabo, S.; Wise-Draper, T.; Conforti, L.; Hoebe, K.; Janssen, E.M. CD244
represents a new therapeutic target in head and neck squamous cell carcinoma. J. Immunother. Cancer 2020, 8, €000245. [CrossRef]
[PubMed]

Sun, L.; Gang, X.; Li, Z.; Zhao, X.; Zhou, T.; Zhang, S.; Wang, G. Advances in Understanding the Roles of CD244 (SLAMF4) in
Immune Regulation and Associated Diseases. Front. Immunol. 2021, 12, 648182. [CrossRef] [PubMed]

Deorukhkar, A.; Krishnan, S. Targeting inflammatory pathways for tumor radiosensitization. Biochem. Pharmacol. 2010, 80, 1904-1914.
[CrossRef] [PubMed]

Fridman, W.H.; Galon, J.; Pages, F,; Tartour, E.; Sauteés-Fridman, C.; Kroemer, G. Prognostic and predictive impact of intra- and
peritumoral immune infiltrates. Cancer Res. 2011, 71, 5601-5605. [CrossRef]

Sheng, W.; Li, X.; Li, J.; Mi, Y.; Li, F. Evaluating prognostic value and relevant gene signatures of tumor microenvironment
characterization in esophageal carcinoma. J. Gastrointest. Oncol. 2021, 12, 1228-1240. [CrossRef]

Gameiro, S.F; Ghasemi, F,; Barrett, ].W.; Koropatnick, J.; Nichols, A.C.; Mymryk, J.S.; Maleki Vareki, S. Treatment-naive HPV+
head and neck cancers display a T-cell-inflamed phenotype distinct from their HPV- counterparts that has implications for
immunotherapy. Oncoimmunology 2018, 7, €1498439. [CrossRef]

Idel, C.; Ribbat-Idel, J.; Klapper, L.; Krupar, R.; Bruchhage, K.L.; Dreyer, E.; Rades, D.; Polasky, C.; Offermann, A.; Kirfel, J.; et al.
Spatial Distribution of Immune Cells in Head and Neck Squamous Cell Carcinomas. Front. Oncol. 2021, 11, 712788. [CrossRef]
Mito, I.; Takahashi, H.; Kawabata-Iwakawa, R.; Ida, S.; Tada, H.; Chikamatsu, K. Comprehensive analysis of immune cell
enrichment in the tumor microenvironment of head and neck squamous cell carcinoma. Sci. Rep. 2021, 11, 16134. [CrossRef]
Bhat, A.A.; Yousuf, P; Wani, N.A.; Rizwan, A.; Chauhan, S.S; Siddiqi, M.A.; Bedognetti, D.; El-Rifai, W.; Frenneaux, M.P.; Batra,
S.K.; et al. Tumor microenvironment: An evil nexus promoting aggressive head and neck squamous cell carcinoma and avenue
for targeted therapy. Signal Transduct. Target. Ther. 2021, 6, 12. [CrossRef]

Ramgqvist, T.; Nasman, A.; Franzen, B.; Bersani, C.; Alexeyenko, A.; Becker, S.; Haeggblom, L.; Kolev, A.; Dalianis, T.; Munck-
Wikland, E. Protein Expression in Tonsillar and Base of Tongue Cancer and in Relation to Human Papillomavirus (HPV) and
Clinical Outcome. Int. |. Mol. Sci. 2018, 19, 978. [CrossRef]


http://doi.org/10.3390/diagnostics12020251
http://doi.org/10.2147/OTT.S44445
http://doi.org/10.1177/1010428317714624
http://doi.org/10.1111/jicd.12469
http://doi.org/10.3892/or.2017.6141
http://www.ncbi.nlm.nih.gov/pubmed/29251323
http://doi.org/10.1038/s41416-020-01200-0
http://www.ncbi.nlm.nih.gov/pubmed/33288843
http://doi.org/10.1007/s00384-011-1344-z
http://www.ncbi.nlm.nih.gov/pubmed/22065111
http://doi.org/10.1111/jcmm.14116
http://doi.org/10.1093/jnci/90.19.1468
http://doi.org/10.1158/1078-0432.CCR-17-3726
http://doi.org/10.1080/2162402X.2015.1111505
http://doi.org/10.1074/jbc.M201884200
http://doi.org/10.1038/s41586-021-03862-z
http://doi.org/10.1136/jitc-2019-000245
http://www.ncbi.nlm.nih.gov/pubmed/32217758
http://doi.org/10.3389/fimmu.2021.648182
http://www.ncbi.nlm.nih.gov/pubmed/33841431
http://doi.org/10.1016/j.bcp.2010.06.039
http://www.ncbi.nlm.nih.gov/pubmed/20599771
http://doi.org/10.1158/0008-5472.CAN-11-1316
http://doi.org/10.21037/jgo-21-371
http://doi.org/10.1080/2162402X.2018.1498439
http://doi.org/10.3389/fonc.2021.712788
http://doi.org/10.1038/s41598-021-95718-9
http://doi.org/10.1038/s41392-020-00419-w
http://doi.org/10.3390/ijms19040978

Int. ]. Mol. Sci. 2023, 24, 3838 12 0of 12

41.

42.

43.

44.

45.

46.

Mytilineos, D.; Ezic, J.; Von Witzleben, A.; Mytilineos, J.; Lotfi, R.; Furst, D.; Tsamadou, C.; Theodoraki, M.N.; Oster, A.; Volkel,
G.; et al. Peripheral Cytokine Levels Differ by HPV Status and Change Treatment-Dependently in Patients with Head and Neck
Squamous Cell Carcinoma. Int. J. Mol. Sci. 2020, 21, 5990. [CrossRef]

Dickinson, A.; Saraswat, M.; Syrjanen, S.; Tohmola, T.; Silén, R.; Randén-Brady, R.; Carpén, T.; Hagstrom, ].; Haglund, C.; Mattila,
P; et al. Comparing serum protein levels can aid in differentiating HPV-negative and -positive oropharyngeal squamous cell
carcinoma patients. PLoS ONE 2020, 15, €0233974. [CrossRef] [PubMed]

Aarstad, H.H.; Moe, S.E.E.; Bruserud, &.; Lybak, S.; Aarstad, H.].; Tvedt, T.H.A. The Acute Phase Reaction and Its Prognostic
Impact in Patients with Head and Neck Squamous Cell Carcinoma: Single Biomarkers Including C-Reactive Protein Versus
Biomarker Profiles. Biomedicines 2020, 8, 418. [CrossRef] [PubMed]

Astradsson, T.; Sellberg, F.; Ehrsson, Y.T.; Sandstrom, K.; Laurell, G. Serum Proteomics in Patients with Head and Neck Cancer:
Peripheral Blood Immune Response to Treatment. Int. J. Mol. Sci. 2022, 23, 6304. [CrossRef] [PubMed]

Assarsson, E.; Lundberg, M.; Holmquist, G.; Bjorkesten, J.; Thorsen, S.B.; Ekman, D.; Eriksson, A.; Rennel Dickens, E.; Ohlsson, S.;
Edfeldt, G.; et al. Homogenous 96-plex PEA immunoassay exhibiting high sensitivity, specificity, and excellent scalability. PLoS
ONE 2014, 9, €95192. [CrossRef]

OLINK. What Is NPX? 2023. Available online: https://olink.com/faq/what-is-npx/ (accessed on 16 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3390/ijms21175990
http://doi.org/10.1371/journal.pone.0233974
http://www.ncbi.nlm.nih.gov/pubmed/32542012
http://doi.org/10.3390/biomedicines8100418
http://www.ncbi.nlm.nih.gov/pubmed/33066437
http://doi.org/10.3390/ijms23116304
http://www.ncbi.nlm.nih.gov/pubmed/35682983
http://doi.org/10.1371/journal.pone.0095192
https://olink.com/faq/what-is-npx/

	Introduction 
	Results 
	Patient and Tumour Characteristics at Baseline 
	Serum Immune Proteins Expression at Baseline 
	Serum Immune Protein Expression at Baseline and Effect on Cumulative Incidence of Failure 
	The Interaction between p16 and Serum Immune Protein Expression at Baseline in Relation to Treatment Failure 
	Serum Protein Expression 12 Months after Primary Treatment in Patients without Failure 

	Discussion 
	Materials and Methods 
	Study Design 
	Statistical Analysis 

	Conclusions 
	References

