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in serum from 37 HnScc patients by ELISA. TWEAK, 
CD163, Fn14 and TNF-α gene expression were detected by 
real-time RT-PcR in 111 matched tissue samples (tumoral, 
adjacent and distal/normal mucosa). Our results showed a 
significant relationship between low sTWEAk levels and 
poor locoregional control of the disease. kaplan–Meier 
curves indicated that the locoregional recurrence-free sur-
vival rate in patients with low sTWEAk circulating levels 
was significantly lower than in patients with high levels, 
and that high CD136/TWEAK expression ratio in tumors 
was also related to poor prognosis. sTWEAk pre-treatment 
serum levels might be used as prognostic non-invasive bio-
markers for locoregional control in patients with HnScc. 
Future investigations are warranted to determine the poten-
tial prognostic significance of this non-invasive biomarker 

Abstract Identifying serum pre-treatment molecular 
markers that can predict response to therapy is of great 
interest in head and neck oncology and is required to 
develop personalized treatments that maximize survival 
while minimizing morbidity. The main aim was to inves-
tigate the potential prognostic significance of tumor necro-
sis factor-like weak inducer of apoptosis (TWEAk), and 
its receptors, fibroblast growth factor-inducible 14 (Fn14) 
and cD163, in head and neck squamous cell carcinoma 
(HnScc). The study comprised 37 consecutive patients 
with pathologically confirmed, untreated HnScc. Serum 
and tissue samples from these patients were available 
for study. We determined sTWEAk and scD163 levels 
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in the rapid discrimination according to the locoregional 
control achieved in patients who received a non-surgical 
organ preservation treatment.

Keywords sTWEAk · non-invasive biomarker · 
Locoregional control · Treatment · Prognosis

Introduction

Head and neck squamous cell carcinoma (HnScc) is the 
sixth most common cancer worldwide. HnScc is associ-
ated with severe disease and treatment-related morbid-
ity, with 5-year survival rates of approximately 50 % [1]. 
Treatments include the use of radiotherapy or chemoradio-
therapy, surgery, or a combination of these procedures. At 
present, prognostic factors that can efficiently predict the 
outcome after treatment are not available. Identifying pre-
treatment molecular markers that can predict response to 
therapy is of great interest in head and neck oncology and 
is required to develop personalized treatments that maxi-
mize survival while minimizing morbidity.

The role of tumor necrosis factor-α (TnF-α) in HnScc 
has been investigated previously [2, 3]. In contrast, tumor 
necrosis factor (TnF)-like weak inducer of apoptosis 
(TWEAk), another member of the TnF superfamily, has 
never been studied in HnScc. TWEAk is a multifunctional 
cytokine that, through its receptor fibroblast growth factor-
inducible 14 (Fn14), controls many cellular activities, includ-
ing proliferation, migration, differentiation, apoptosis, angio-
genesis and inflammation [4, 5]. Fn14 has been reported as 
the signal transducer receptor that controls several TWEAk-
associated activities such as proliferation of endothelial cells 
and angiogenesis [6]. However, the full biological effects of 
TWEAk on cancer remain largely unknown because cells 
lacking Fn14 have also been shown to be TWEAk sensitive 
[7, 8]. On that point, cD163 has been reported as a receptor 
for sTWEAk [9]. This protein belongs to a scavenger recep-
tor cysteine-rich family exclusively expressed on the surface 
of monocyte/macrophages. Also, a soluble form of cD163 is 
constitutively present in serum and is generated by a proteo-
lytic cleavage of the membrane cD163. Its circulating levels 
are higher in diseases associated with macrophage activa-
tion, including cancer [7].

In most cancers, TWEAk expression is higher in tumor 
tissues than in normal ones. TWEAk-Fn14 up-regulates 
VEGF expression to foster ovarian cancer cell metastasis 
[10] and regulates breast cancer cell invasive capacity [11, 
12]. Furthermore, elevated Fn14 expression promotes gas-
tric cancer growth [13]. The expression of Fn14 is often 
increased in malignant tumors, so it may be considered 
as a tumor-specific cell surface biomarker and a tumor 
cell regulatory molecule [14]. However, the expression 

of TWEAk/Fn14/cD163 and their potential function in 
HnScc has not been addressed yet. Only nakayama et al. 
[15] have studied the role of TWEAk in human oral squa-
mous cell carcinoma HSc3 cells. Their results indicate that 
TWEAk acts in HSc3 cells through caspase activation, 
leading to cell death by apoptosis. In agreement with these 
findings, other researchers have also found that TWEAk 
may have anti-tumor effects [4, 15–18].

On the basis of recent research, we hypothesized that 
TWEAk, cD163, and Fn14 might may be involved in 
HnScc cancer development and affect the survival rate, 
so we carried out this preliminary approach to investigate 
whether sTWEAk and scD163 serum levels and the TWEAK, 
CD163 and Fn14 gene expression might predict locoregional 
control in patients with HnScc and therefore, may serve as 
biological markers of outcome in this type of carcinoma.

Materials and methods

Patients

The study comprised 37 consecutive patients with patho-
logically confirmed, untreated squamous cell carcinomas. 
The institution’s cancer committee evaluated all of our 
patients, and the decision to treat with radiotherapy or 
chemoradiotherapy was based on the centre’s organ pres-
ervation protocol. In general, all patients with stage I–II 
tumors, and some patients with stage III tumors, depend-
ing on the location of the primary tumor, received radio-
therapy (RT) or chemoradiotherapy (chRT). Patients with 
advanced tumors (stages III–IV) were treated with chemo-
radiotherapy (chRT).

External beam radiotherapy was administered in total 
doses of 65–74 Gy to the primary site, 50 Gy to the neck in 
all patients with n0 nodes except those with T1n0 glottic 
carcinomas, and 70 Gy to the neck in patients with clinical 
metastatic neck nodes (n+). Treatment was administered 
by continuous-course radiotherapy 5 days a week, 2 Gy per 
session in normo-fractionated treatments, and 1.2 Gy twice 
daily in hyper-fractionated treatments. chemoradiotherapy 
consisted of radiotherapy at the same doses plus 3 cycles of 
cisplatin at a dose of 100 mg/m2 on day 1 every 3 weeks.

Routine follow-up consisted of an evaluation of symp-
toms and locoregional examinations at 2-month intervals 
during the first year, 3-month intervals in the second year, 
and 4-month intervals over years 3–5. The median follow-
up of the patients included in the study was 2.9 years (95 % 
cI 1.6–4.1 years). The University Hospital Joan XXIII Eth-
ics committee approved the study, and all patients gave 
informed consent. Table 1 shows the characteristics of the 
patients included in the study.
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Quantification of sTWEAk and scD163 circulating levels

Pre-treatment blood samples were obtained from 37 
patients after an overnight fast. Blood was drawn in a 
10 mL vacutainer tube from an antecubital vein. Within 
1 h of drawing, the serum was separated by centrifuga-
tion at 1,500×g for 15 min at 4 °c. Serum concentra-
tions of sTWEAk and scD163 were determined in dupli-
cate by ELISA using the commercially available human 
TWEAk/TnFSF12 kit #DY1090, and human cD163 kit 

#DY1607 (R&D Systems Europe, Abingdon, Oxon, Uk), 
respectively.

Analysis of mRnA expression

We analyzed the gene expression pattern of 111 matched 
mucosa samples from 37 patients. The biopsy specimens 
were taken from: (1) the primary site of the tumor, (2) an 
adjacent location, and (3) distal from the tumor, as control 
mucosa. A sample aliquot was used for the pathologic diag-
nosis of the malignancy, and another aliquot was immedi-
ately stabilized by inclusion in RnAlater (Qiagen GmbH, 
Hilden, Germany) and stored at −80 °c until processing. 
Total RnA was isolated from 30 mg of tissue, according 
to the manufacturer’s protocol Rneasy mini kit (Qiagen). 
The cDnA was prepared by reverse transcribing 1 µg RnA 
with the High-capacity cDnA Archive kit (Applied Bio-
systems, Foster city, cA). Real-time quantitative PcR was 
carried out in duplicate on a 7900HT Fast Real-Time PcR 
System using commercial Taqman Assays (Applied Bio-
systems). ct values for each sample were normalized with 
the ratio of two reference genes GAPDH (Hs99999905_
m1) and PPIA (Hs99999904_m1). The pre-designed assay 
probes (Applied Biosystems) used for the detection of the 
selected genes were: TNFα (Hs99999043_m1), TWEAK 
(Hs00611242_m1), CD163 (Hs00174705_m1) and Fn14 
(Hs00171993_m1).

Statistical analysis

The bivariate Pearson correlation tests were used in the 
correlation studies. One-way AnOVA analysis was used 
to compare the gene expression between the different 
mucosae. circulating levels and mRnA expression accord-
ing to the clinico-pathological variables were compared 
using Student’s t test. As proposed by chiesa et al. [19] for 
studies on predictive factors in HnScc, we evaluated the 
outcome by the locoregional control with a follow-up of 
at least 2 years. The locoregional recurrence-free survival 
counted only deaths from HnScc as events. Patients who 
had HnScc but died of other causes contributed to follow-
up until the time of death, as censored cases. chi-Squared 
Test was used to analyze the relationship between categori-
cal variables. The continuous value of the circulating levels 
or mRnA expression of the variables studied was catego-
rized according to the locoregional control of the disease 
with the classification and regression tree (cRT) method. 
The locoregional recurrence-free survival according to each 
categorized variable was calculated by the kaplan–Meier 
method. Differences in survival rates were compared using 
the log-rank test. Multivariate analysis was made with a 
cox regression analysis considering the locoregional recur-
rence-free survival as the dependent variable, and location 

Table 1  characteristics of the patients included in the study

characteristics number of patients (%)

Age (years)

<50 6 (16.2)

50–60 16 (43.2)

60–70 13 (35.1)

>70 2 (5.4)

Sex

Male 35 (94.6)

Female 2 (5.4)

Tobacco consumption

never 1 (2.7)

<20 cigarettes per day 2 (5.4)

>20 cigarettes per day 34 (91.9)

Alcohol consumption

never 4 (10.8)

Mild–moderate 5 (13.5)

Severe 28 (75.5)

ECOG index

0 13 (35.1)

1 14 (37.8)

2 7 (18.9)

3–4 3 (8.1)

Tumor location

Oral cavity–oropharynx 12 (32.4)

Larynx–hypopharynx 25 (67.6)

T category

T1–T2 15 (40.5)

T3–T4 22 (59.5)

N category

n0 15 (40.5)

n+ 22 (59.5)

Stage

I–II 11 (29.7)

III–IV 26 (70.3)

Tumor differentiation

Good 7 (18.9)

Moderate 25 (67.6)

Poor 5 (13.5)
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of the tumor, local and regional extension, stage, type of 
treatment, and the categorized variables as the independent 
variables. All statistical analyses were made using SPSS 
software v. 20.0 (IBM).

Results

Gene expression analysis of TWEAK, CD163, Fn14, 
and TNF-α in HnScc tissue samples

Figure 1a shows the gene expression of TWEAK, the 
receptors CD163 and Fn14, and TNF-α in three mucosae: 

control, adjacent and tumoral mucosa. We found that 
these genes were expressed in all mucosae. Interestingly, 
a gradual significant increase in the expression pattern of 
these molecules from control to cancerous tissues was 
observed. The results indicate that in all cases the gene 
expression in the tumoral mucosa was higher than the 
expression in normal or adjacent mucosa. In addition, 
adjacent mucosa was also significantly different from nor-
mal mucosa.

Interestingly, circulating levels of sTWEAk correlated 
with its expression in tumoral mucosa (r = 0.504, p = 0.002), 
but not with the expression in adjacent (r = −0.013, 
p = 0.945) or normal mucosa (r = 0.100, p = 0.650).

Fig. 1  CD163, TWEAK, Fn14 
and TNF-α gene expression in 
different mucosae and scD163 
and sTWEAk circulating levels. 
a Box plot analysis showing 
CD163, TWEAK, Fn14 and 
TNF-α gene expression in con-
trol, adjacent and tumor tissue 
samples. Differences between 
tissue samples were calcu-
lated using One-way AnOVA 
analysis. b Box plot analysis 
showing scD163 and sTWEAk 
circulating levels according 
to the locoregional control 
achieved. LR locoregional. Dif-
ferences between samples were 
calculated using Student’s t test 
for independent samples. Differ-
ences were considered statisti-
cally significant at p < 0.05
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Relationship between sTWEAk and scD163 circulating 
levels and the clinico-pathological parameters

To investigate these relationships, we studied 37 patients 
with full records including histological grade, primary site, 
clinical stage, tumor size, lymph node metastasis, age and 
outcome. Figure 1b shows the mean and standard deviation 
of sTWEAk and scD163 circulating levels according to the 
locoregional control of the disease. We found that patients 
with a better locoregional control of the disease presented 
higher sTWEAk levels than patients with poor prognosis.

Levels of sTWEAk or scD163 were not significantly 
associated with the other clinico-pathological parameters 
tested, such as clinical stage, tumor size or lymph node 
metastasis, neither were the expression levels of TWEAK, 
CD163, Fn14, and TNF-α (data not shown).

Relationship between sTWEAk categories and the 
locoregional control of the tumor

We categorized sTWEAk levels according to the locore-
gional control of the disease by use of the cut-off value 
obtained in the previous classification trees created 
(sTWEAk = 323.3 pg/mL) (Fig. 2a). Two groups of 
patients were defined, one with low levels (n = 21) and the 
other with high values of sTWEAk (n = 16).

Table 2 shows the locoregional recurrence-free survival 
values according to the location of the primary tumor, 
the local extension of the tumor, and the type of treat-
ment according to the categories of sTWEAk levels. The 
locoregional recurrence-free survival rate was higher in 
the category of patients with higher levels of sTWEAk, 
reaching statistical significance for patients with late-stage 
tumors (T3–4, n+, Stage III–IV) and tumors located at the 
larynx–hypopharynx.

Table 2 also shows the locoregional recurrence-free 
survival values according to the categories of cD163/
TWEAk mRnA tumoral expression ratio. The cut-off 
value of 1.03 was obtained in the previous classification 
trees (Fig. 2b). Two groups of patients were defined, one 
with low (n = 23) and the other with high ratios (n = 14). 
The locoregional recurrence-free survival rate was higher 
in the category of patients with lower ratios of cD163/
TWEAk mRnA tumoral expression for patients with late-
stage tumors (T3–4, Stage III–IV), and tumors located at 
the larynx-hypopharynx.

cOX regression analysis

Table 3 shows the results of the multivariate study consider-
ing the locoregional control as the dependent variable. cat-
egorical (binary) variables included in the analysis were the 
stage, T and n categories, primary site and, on one hand, 

sTWEAk circulating levels, and on the other hand CD163/
TWEAK expression ratio in tumoral tissues. According to 
the results, only sTWEAk and the ratio CD163/TWEAK 
categories were significantly related to the locoregional 
control of the disease. considering patients with a low level 
of sTWEAk as the reference category, those with a higher 
level of sTWEAk had a lower risk of locoregional failure 
of the tumor after treatment. On the contrary, patients with 
high mRnA ratios of CD163/TWEAK had a higher risk of 
locoregional failure. neither scD163 levels nor the ratio 
Fn14/TWEAK mRnA expression in tumoral tissues signifi-
cantly predicted the locoregional failure risk.

kaplan–Meier curves

Figure 3 shows the locoregional recurrence-free survival 
curves according to the category of sTWEAk, the CD163/
TWEAK expression ratio or the Fn14/TWEAK expression 
ratio in tumoral tissue. The locoregional recurrence-free 
survival rate for patients with low sTWEAk levels was 

Fig. 2  classification and regression tree for locoregional control. 
Variables entered were: the primary location, the stage, T and n cat-
egories, the EcOG index, and sTWEAk circulating levels (a) or the 
ratio CD163/TWEAK gene expression in tumors (b)
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42.5 % (95 % cI 20.0–76.0), and it was 100.0 % (95 % 
cI 73.0–100.0) for patients with high sTWEAk circulat-
ing levels. The survival rate for patients with high CD163/
TWEAK ratio was 41.3 % (95 % cI 20.0–78.0), and it 
was 90.5 % (95 % cI 76.0–100.0) for patients with a low 
CD163/TWEAK ratio. Finally, the expression ratio Fn14/
TWEAK in tumors did not discriminate between patients 
according to the locoregional control (p = 0.738).

Discussion

In our study, we analyzed the gene expression pattern of 
TWEAK, Fn14, CD163 and TNF-α in 111 matched samples 

of normal, adjacent and tumoral mucosa obtained from 37 
patients with HnScc. As far as we know, it is the first time 
that the TWEAk pathway has been studied in this type of can-
cer. The results show a gradual and significant increase in the 
expression pattern of these genes from control to cancerous 
tissues. The differential expression found between adjacent 
and control mucosa in all the genes analyzed highlights the 
fact that, although there are no neoplasic cells in adjacent tis-
sue, this tissue is contributing to the development of a favora-
ble microenvironment for tumor progression [4, 20, 21].

Fn14, the well-known TWEAk receptor, was reported 
to be over-expressed in most solid tumors relative to con-
trol non-tumor tissues, such as in oesophageal [22], liver 
[23], breast [12], gynecologic [24] and brain cancer [25], 

Table 2  Locoregional 
recurrence-free survival in 
function of clinical variables 
according to the category of 
sTWEAk circulating levels or 
tumoral mRnA expression ratio 
of CD163/TWEAK

Differences between groups 
were calculated using the chi-
Squared test

* p < 0.05, statistically 
significant

clinico-pathological variables sTWEAk levels CD163/TWEAK expression ratio

Low (%) High (%) p Value Low (%) High (%) p Value

Stage

I–II 83.3 100.0 0.338 100.0 50.0 0.200

III–IV 35.7 100.0 0.001* 84.6 41.7 0.041*

T category

T1–T2 75.0 100.0 0.155 100.0 75.0 0.308

T3–T4 33.3 100.0 0.002* 83.3 30.0 0.027*

N category

n0 85.7 100.0 0.268 100.0 66.7 0.214

n+ 30.8 100.0 0.002* 80.0 36.4 0.080

Tumor location

Oral cavity–oropharynx 42.9 100.0 0.091 80.0 40.0 0.524

Larynx–hypopharynx 53.8 100.0 0.007* 93.8 37.5 0.007*

Table 3  Results of the multivariate cox regression analysis

Dependent variable: Locoregional control. cox regression with backward exclusion method was applied. Binary variables included in each 
model were: Model 1. Stage, T and n categories, primary site and the ratio CD163/TWEAK mRnA expression in tumors; Model 2. Stage, T and 
n categories, primary site and sTWEAk levels

HR hazard ratio, CI confidence interval, LH larynx–hypopharynx, OCO oral cavity–oropharynx

* p < 0.05 was considered to be statistically significant

Variables categories HR 95 % cI p Value

Model 1

Ratio CD163/TWEAK High versus Low 16.90 1.14–249.40 0.040*

Stage III–IV versus I–II 0.00 0.00–840.00 0.938

T category T3–4 versus T1-2 30.49 0.00–517.18 0.962

n category n+ versus n0 13.49 0.00–645.96 0.921

Tumor location LH versus OcO 1.59 0.15–17.29 0.702

Model 2

sTWEAk levels High versus Low 0.07 0.01–0.90 0.041*

Stage III–IV versus I–II 0.00 0.00–217.52 0.968

T category T3–4 versus T1–2 0.79 0.07–935.23 0.850

n category n+ versus n0 40.04 0.00–363.48 0.959

Tumor location LH versus OcO 1.38 0.17–11.24 0.763
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although it has never been addressed in HnScc. In line 
with these findings, we have found that the expression of 
Fn14 is significantly up-regulated in tumors compared 
with that in adjacent or normal mucosa. In adjacent tissue, 
its expression is more than six times lower than in tumors 
and in the control mucosa it is almost undetectable. The 
specific and homogeneous expression of Fn14 in tumoral 
mucosa might indicate that it also has potential as a malig-
nant tumor marker in HnScc [23]. Our results indicate 
that Fn14 expression, although being higher in tumoral tis-
sue, is not related to patients’ clinical subtype/stages, path-
ological features or the outcome, in contrast to what would 
be expected.

The role of TWEAk on tumor cells is inconclusive, 
as some studies show that TWEAk alone is able to pro-
mote cancer cell proliferation [26, 27] while others show 
that TWEAk promotes cell death (cell apoptosis and/or 
necrosis) [8, 15, 24, 28, 29]. In concrete, Alaoui et al. [29] 
demonstrated the direct pro-apoptotic effect of TWEAk 
in human keratinocytes. They hypothesized that TWEAk 
plays a role in immune and/or remodeling reactions in 
healthy and in pathological skin, such as psoriasis and 
squamous cell carcinoma. There is evidence that the differ-
ent, even opposed, actions of TWEAk could be determined 
by the cells present in the tumor microenvironment and the 
TWEAk receptor they have [24].

Fn14 is mainly expressed by cancer cells [30] whereas 
cD163 is a highly specific macrophage marker. This marker 
is expressed primarily by M2 macrophages, which, when 
infiltrated in tumors, express elevated levels of tumor-pro-
moting cytokines and growth factors. In our study, the scav-
enger receptor CD163 has been found to be over-expressed 
in HnScc tumors. It has been proposed that cD163 mac-
rophages may scavenge sTWEAk within human tissues [7]. 
Therefore, the ratio CD163/TWEAK may reflect the relative 
amount of each molecule in the tumor microenvironment. 

Interestingly, the analysis performed reveals that CD136/
TWEAK expression ratio in tumoral tissue is inversely 
related to the survival rate. The results indicate that patients 
with a high CD163/TWEAK ratio may have a poorer prog-
nosis than those in the low ratio. Most importantly, the 
kaplan–Meier curves indicate that high CD136/TWEAK 
expression ratio is related to poor prognosis.

Because most cancer research done so far on TWEAk 
pathway has been related to the Fn14 receptor, there is no 
data on the effects of TWEAk/cD163 activation on cancer 
development. Bover et al. [9] demonstrated that monocytes 
can sequester TWEAk from supernatants thus preventing 
tumor cell apoptosis. Also, the same authors obtained data 
consistent with the hypothesis that cD163 either acts as a 
sTWEAk scavenger in pathological conditions or serves 
as an alternate receptor for sTWEAk in cells lacking the 
Fn14 receptor [9, 31].

On the basis of this preceding literature, it could be that 
cD163 prevents sTWEAk from exerting its biological 
functions by sequestering it from the tumor microenviron-
ment. Then the possible cD163-mediated sTWEAk clear-
ance might be deleterious in this type of cancer.

Finally, our results indicate that blood sTWEAk lev-
els are linked to TWEAK gene expression in tumors, but 
not with adjacent or control mucosa expression. Although 
TWEAK is expressed in many tissues, these results suggest 
that the tumoral tissue in these patients might drive the dif-
ferences found in the serum levels. This finding, together 
with the possible predictive usefulness of sTWEAk, sug-
gests that pre-treatment blood sTWEAk levels might 
become a personalized non-invasive biomarker of outcome 
for patients with HnScc. This issue has never been sug-
gested before in head and neck cancer; however, other 
authors obtained similar survival data in metabolic diseases 
as atherosclerosis [31], coronary and peripheral artery dis-
ease [32, 33] type 2 diabetes or end-stage renal disease [34].

Fig. 3  Locoregional recurrence-free survival according to the categorized levels of sTWEAk circulating levels or the ratio of CD163/TWEAK 
or Fn14/TWEAK gene expression in tumors
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The present study is the first to explore the correlation 
between the TWEAk/Fn14/cD163 axis and the locore-
gional recurrence-free survival in patients with HnScc. 
notwithstanding this fact, there are some limitations to be 
considered. Our preliminary results together with other 
previously reported findings support the hypothesis that 
TWEAk has a protective role, maybe producing cell apop-
tosis alone or via the Fn14 receptor, and that cD163 is 
opposing these effects by sequestering sTWEAk. However, 
we have not carried out any mechanistic studies that might 
confirm this hypothesis. Another limitation is the relatively 
small number of patients included in the study, which might 
limit the statistical power of our analysis. The usefulness of 
sTWEAk needs to be confirmed in a larger cohort in order 
to sub-classify patients according to the clinico-pathological 
parameters. However, all the laboratory analyses performed 
suggest that sTWEAk might be a promising non-invasive 
tumor-progression biomarker. Finally, it is worthy to men-
tion again that, apart from the blood sample, we obtained 
matched tissue samples from three different mucosae.

In conclusion, this study suggests that the TWEAk 
pathway may play an important role in the regulation of 
the locoregional control in HnScc. We found that the 
gene expression of TWEAK increased in HnScc. Moreo-
ver, there is a close correlation between low blood levels 
of sTWEAk and low locoregional control rates, which 
highlights the potential prognostic significance of this non-
invasive biomarker in the rapid discrimination according to 
the locoregional control achieved in patients who received 
a non-surgical organ preservation treatment. Future investi-
gations are warranted to determine the role and mechanism 
of action of TWEAk/Fn14/cD163 in the development of 
HnScc, and to confirm in a larger and independent cohort 
of patients the potential role of sTWEAk as a prognos-
tic circulating marker. Further research in this area would 
drive oncologists towards more personalized medicine.
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