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Abstract

BACKGROUND

Head and neck squamous cell carcinoma (HNSCC) is considered to be a
progressive disease resulting from alterations in multiple genes regulating cell
proliferation and differentiation like receptor tyrosine kinases (RTKs) and
members of the fibroblast growth factor receptors (FGFR)-family. Single-
nucleotide polymorphism (SNP) Arg388 of the FGFR4 is associated with a
reduced overall survival in patients with cancers of various types. We speculate
that FGFR4 expression and SNP is associated with worse survival in patients
with HSNCC.

AIM

To investigate the potential clinical significance of FGFR4 Arg388 in the context of
tumors arising in HNSCC, a comprehensive analysis of FGFR4 receptor
expression and genotype in tumor tissues and correlated results with patients’
clinical data in a large cohort of patients with HNSCC was conducted.

METHODS
Surgical specimens from 284 patients with HNSCC were retrieved from the
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Institute of Pathology at the Ludwig-Maximilian-University in Germany.
Specimens were analyzed using immunohistochemistry and polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP). The expression
of FGFR4 was analyzed in 284 surgical specimens of HNSCC using
immunohistochemstry. FGFR4 polymorphism was detected by PCR-RFLP.
Patients’ clinical data with a minimum follow-up of 5 years were statistically
evaluated with a special emphasis on survival analysis employing Kaplan-Meier
estimator and Cox regression analysis.

RESULTS

Concerning the invasive tumor areas the intensity of the FGFR4 expression was
evaluated in a four-grade system: no expression, low expression, intermediate
and high expression. FGFR4 expression was scored as “high” (+++) in 74 (26%),
“intermediate” (++) in 103 (36.3%), and “low” (+) in 107 (36.7%) cases. Analyzing
the FGFR4 mutation it was found in 96 tumors (33.8%), 84 of them (29.6%) having
a heterozygous and 12 (4.2%) homozygous mutated Arg388 allele. The overall
frequency concerning the mutant alleles demonstrated 65% vs 34% mutated
alleles in general. FGFR4 Arg388 was significantly associated with advanced
tumor stage (P < 0.004), local metastasis (P < 0.0001) and reduced disease-free
survival (P < 0.01). Furthermore, increased expression of FGFR4 correlated
significantly with worse overall survival (P < 0.003).

CONCLUSION

In conclusion, the FGFR4 Arg388 genotype and protein expression of FGFR4
impacts tumor progression in patients with HNSCC and may present a useful
target within a multimodal therapeutic intervention.

Key words: : Fibroblast growth factor receptor 4; Single-nucleotide polymorphism; Head
and neck squamous cell carcinoma; Reduced survival; Cancer progression; Polymerase

chain reaction; Immunohistochemistry; Outcome
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Core tip: Single-nucleotide polymorphism Arg388 of the fibroblast growth factor
receptor-4 (FGFR4) is associated with a reduced overall survival in patients with various
cancers. Here, the potential clinical significance of FGFR4 Arg388 was investigated in
the context of head and neck carcinoma in 284 patients using immunohistochemistry and
polymerase chain reaction. Advanced tumor stage and local metastasis was significantly
associated with reduced disease-free survival in mutant FGFR4 Arg388 carriers.
Increased expression of FGFR4 correlated significantly with worse overall survival
impacting tumor progression in patients with head and neck squamous cell carcinoma
and may present a useful target within a multimodal therapeutic intervention.
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INTRODUCTION

The genes encoding fibroblast growth factor receptors (FGFR) 1-4 constitute the FGFR
and are structurally related to receptor tyrosine kinases (RTK). FGFR are involved in a
variety of cellular processes including angiogenesis, wound healing, tissue repair, and
tumorigenesis!'l. Several aberrations and abnormalities in genes of FGFR family
members, including point mutations, gene fusions, splice variations, and single
nucleotide polymorphisms (SNP), have been the focus of studies in the past!’.
Oncogenic effects of FGFR and their ligands, more than 20 in numbers, include
initiation of DNA synthesis, enhancement of cell growth, invasion, and metastatic
potential. Molecular abnormalities and overexpression of FGFR have been described
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in carcinomas of ovary!”, bladder!], pancreasl’, and breast!’l. Several studies have also
reported that high levels of FGF could inhibit cell transformation!. In some cancers,
FGF signaling has no effect whatsoever in tumor progression and is not indicative of
disease-free survival timel"l.

Head and neck squamous cell carcinoma (HNSCC) account for 3% of new cancer
casesl”, representing the fifth most common cancer worldwidel'”! with more than
500000 patients affected globally every yearl'l. Irrespective of the progress made in
surgery, chemotherapy, immunotherapy, and radiation, the overall survival of
HNSCC patients remains poor with approximately 50% of patients succumbing to
disease. Schulze-Osthoff and colleagues!'” studied the cellular distribution of basic
FGF (bFGF) in situ in HNSCC. The expression of bFGF was heterogenous in malig-
nancies with respect to the cell type, i.e., tumour cells, endothelia, and infiltrating
immune cells, as well as overall protein levels. Strikingly, in vascular tumours that
have obvious neoangiogenic capacity, bFGF was not detected!'”.

Here, we assessed a potential correlation between the expression of FGFR4
polymorphic alleles and clinical outcome, histological grading, rate of metastasis,
prognosis, and tumor size in 284 patients with HNSCC. Both increased expression of
FGFR4 and mutant FGFR4 correlated with a tumor progression and local metastasis
status and disease progression.

MATERIALS AND METHODS

Patients and tissue specimens

Tumor tissue was collected between 1984 and 1998 at the Institute of Pathology
derived from the Department of Otorhinolaryngology, LMU University of Munich,
Medical Center, from 350 patients with pathologically proved HNSCC. Forty-nine
patients were excluded because of an incomplete follow-up survival period or
inadequate histological tissue quality. Further, 17 patients were excluded owing to
lack of adequate data. The study was approved by the local ethics committee at the
Ludwig-Maximilian University in Germany.

The analyzed cohort including 284 patients scoring as well differentiated (n = 116),
moderately differentiated (n = 141), poorly differentiated (n = 11), and non-
differentiated carcinomas (n = 16). For clinic-pathological correlation, TNM disease
stages were evaluated according to the “International Union against Cancer”
classification (UICC)["!. Median follow-up time was 84 mo (N1/M, lymph node
metastasis) and up to 105 mo (NO, without lymph node metastasis). Clinic-
pathological data is summarized in Table 1. None of the patients had received
chemotherapy or radiotherapy before tissue collection. After surgical extirpation,
specimens were formalin-fixed, paraffin embedded, and cut into sections of 3 pm to 4
pm.

A control group of healthy Caucasian individuals without a personal history of
cancer was chosen to determine the distribution of the FGFR4 polymorphism in the
general population.

Immunohistochemistry

Immunohistochemical staining was performed on paraffin sections, which were
dewaxed in xylene and hydrated through graded alcohols to water, then subsequently
placed in PBS. To optimize immunostaining with the antibody, endogenous
peroxidase was quenched by incubation in 1.0% hydrogen peroxide for 10 min. After
rinsing in PBS buffer, sections were incubated in citrate buffer (pH 6) twice for 6 min
in a microwave at 700 W. Sections were rinsed in PBS again and incubated with 1:100
pre-diluted FGFR4 primary antibodies (clone 16; Santa Cruz, Santa Cruz, CA, United
States). Before incubation with the Vectastain Elite ABC solution for 30 min at room
temperature, sections were incubated with biotinylated goat anti-rabbit antibody for
30 min (Santa Cruz, CA). Antigen was visualized with 3-3’-diaminobenzidine (Sigma,
St. Louis, MO) as dark brown precipitates. Sections were counterstained with Mayer’s
hematoxylin and mounted. Staining intensity was differentiated into three groups: (1)
+ (weak); (2) ++ (moderate); and (3) +++ (high).

In order to obtain a reliable immunohistochemical scoring of FGFR4 expression, in
the present study we have scored HNSCC tumor samples into three im-
munohistochemical classes on the basis of the distribution and intensity of the
staining reaction. FGFR4 immunostaining was blindly assessed by direct microscopic
analysis with no knowledge of either the clinical outcome or other clinicopathological
data. The staining intensity was scored into three classes by a senior pathologist (SI).
To test the interobserver reproducibility of the scoring system, two other investiga-
tors (EW and CB) evaluated the same slides without knowledge of the former
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Table 1 Table of chi-square test of association between fibroblast growth factor receptor 4

genotype (Gly/Gly, Gly/Arg or Arg/Arg) and other pathological variables

Fibroblast growth factor receptor 4 genotype

P-value
Gly388 Arg388 n
Sex Female 36 12 48 0.157
Male 152 84 236
Age, mean (SD); sample size 54.20 (10.47); (188)  53.42 (10.46); (96) 284 0.5529'
Survey outcome Alive 80 44 124 0.598
Dead 108 52, 160
Histological grading High 71 45 116 0.177
Moderate 95 46 141
Low 10 1 11
No 12 4 16
difference
Progression status Positive 92 38 130 0.135
Negative 96 58 154
Recurrence status Negative 134 60 194 0.133
Positive 54 36 90
Tumor size T1 21 20 41 0.004
T2 62 29 91
1) 48 24 72
T4 57 23 80
Lymph Nodes NO 66 26 92 0.507
N1 44 28 72
N2 53] 30 83
N3 25 12 37
Metastases MO 182 92 274 0.673
M1 6 4 10

!P-value from t-test for equality of means. NS indicates that the test result is not statistically significant.

classification. The classification of the senior pathologist was used in the statistical
analysis.

Polymerase Chain Reaction Analysis

Genomic DNA was extracted from paraffin-embedded tissue sections as described
previously!“l. To determine the distribution of FGFR4 Arg388 and FGFR4 Gly388
alleles in head and neck cancer patients, following primers were used: 5'-GAC CGC
AGC AGC GCC CGA GGC CAG GTA TAC G- ¥ (sense) and 5'-AGA GGG AAG
CGG GAG AGC TTC TGC ACA GTG G-3' (antisense). G to A transition in codon 388
creates a new BstNI restriction site (New England Biolabs, Beverly, MA), which was
used for discrimination of both alleles. PCR-beads (Ready To GoTM, Amersham
Pharmacia Biotech, Freiburg, Germany) were applied in a 25 pL total PCR reaction
volume. Annealing temperature was 70°C. PCR amplicons were digested with BstNI
and separated in a 12% non-denaturing polyacrylamide gel (260 V, 4 h) and DNA was
visualized by 10 min ethidium bromide staining. Two fragments of 80 and 29 bp
characterized the FGFR4 Arg388 allele, while a single visible band of 109 bp
characterized the FGFR4 Gly388 allele.

Statistical analysis

Statistical evaluations were performed using SPSS 12.0 (Chicago, IL). Frequencies of
genotypes amongst different subgroups were calculated by the chi-quadrate test and
P-values to assess the association between allele and malignancy in the patients.
Because of their small number (Arg/Arg: n = 12), FGFR4 Arg388 homozygous alleles
were grouped together with heterozygous FGFR4 Arg388 alleles (Gly/Arg: n = 84).
Actuarial Kaplan-Meier survival curves of disease-free survival were plotted and
compared using log-rank statistics due to the levels of the respective covariates.
Comprehensive statistical analysis included univariate and multivariate Cox
regression tests. All tests were performed at a significance level of a = 0.05.
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RESULTS

FGFR4 genotypes in head and neck cancer patients and controls

The biologic role of the recently reported SNP in the FGFR4 allele leading to the
FGFR4 Arg388 substitution still remains unknown. This is despite the fact that high
FGFR4 gene expression levels are present in about 30% of all non-neoplastic epithelial
cells!”l. We investigated the potential correlation of FGFR4 and its SNP with HNSCC
outcome. Transition in the DNA codon for glycine to arginine at amino acid position
388 creates a new restriction site for the enzyme BstNI. Genotyping of tissue from
cancer patients was conducted by PCR-RFLP analysis, where FGFR4 Gly388 was seen
as a single 109 bp band and FGFR4 Arg388 as two bands of 80 bp and 29 bp (Figure 1).
When adding heterozygous (n = 84) and homozygous allele cases (n = 12), the
FGFR44r¢% SNP represented one third of patients (n = 96/284, 33.8%) with 29.6%
heterozygous and 4.2% homozygous cases, while it made up to 55% FGFR44rs* allele
frequency in healthy controls (Table 2). Hence, the FGFR44'5** allele frequency was
reduced in malignancy. Further comparison of allele distribution between controls
and carcinomas revealed a concurrent and significantly increased occurrence of
FGFR4%Y% in cancer patients (45% and 66.2%, respectively).

FGFR4 protein expression in tumor tissue of patients with HNSCC and clinical

characteristics

FGFR4 expression is widely shown in tumor specimen, and numerous reports
indicate that high FGFR4 expression is associated with poorer outcome in patients
with cancer of different entities!'*?'l. We therefore wanted to determine, whether the
level of FGFR4 protein was associated with oropharyngeal cancer progression and
recurrences. Of the 284 cases that underwent immunohistochemical analysis, 74 (26%)
harbored a strong expression, 103 specimens (36.3%) showed moderate expression
levels, and 107 cases (36.7%) were detected with low expression of the FGFR4.
Immunoreactivity of FGFR4 was found both in normal epithelium and in cancer
epithelial cells (Figure 2). Analysis of FGFR4 protein expression in tumor tissues and
distribution of FGFR4 genotypes in respective samples from patients with
oropharyngeal cancer revealed no significant association. Results from multivariate
Cox model including all the pathological variables is presented with three variables
FGFR4 expression, lymph nodes and chemotherapy being significant (Table 3).

Association between FGFR4 polymorphism and clinical characteristics

As Bange et al” have shown, a significant correlation exists for the presence of the
Arg388 allele and decreased disease-free survival in breast and colon cancer patients,
we examined a large cohort of HNSCC patients’ tissues to identify the effect of this
variant in these cases. We compared pathological and clinical characteristics with
genotype distribution and receptor expression levels as shown in Table 4. Combining
the homozygous and the heterozygous mutants, we found an association between the
FGFR4 Arg388 allele and advanced tumor stages (P < 0.004). All other clinical
variables remained without significant difference between the FGFR4 genotypes.

152 patients died within the follow-up period, and one third of them carried the
mutated FGFR4 Arg388 allele. When compared with survivors, we did not detect any
significant differences in the genotype distribution. The results of both the log rank
test and univariate Cox model revealed no significant effect of FGFR4 genotype on
overall survival. Several models using all the clinical variables including the FGFR4
genotype was used to discern possible effects of FGFR4 genotype in reducing the
overall survival of the HNSCC patients. No significant effect of the FGFR4 genotype
in overall survival was found. We performed a Kaplan-Meier survival analysis, which
confirmed these observations (Figure 3A).

The estimated survival curve from the Cox model for the low and high FGFR4
expressions is presented in Table 3. The results from Cox model showed that high
expression of FGFR4 yielded a significant reduction in the overall survival by about
130% (relative risk = 2.304, P < 0.003; Figure 3B). In contrast, application of
chemotherapy reduces the risk of dying by about 70% (relative risk = 0.304, P <
0.0001) in patients with FGFR4 expression compared with those showing low or no
expression.

Disease progression

A reduction in disease-free survival was revealed in association with the FGFR4
Arg388 genotype as well as the interactive effects of lymph node (N3), tumor stage
(T3 and T4) and recurrence status on prolonged (2-6 years) follow-up. The disease-
free survival curve demonstrated a reduction in disease-free period due to mutant
FGFR4 genotype Gly/Arg or Arg/ Arg relative to wild type alleles Gly/Gly (Figure
4A, P <0.01). The disease-free survival curve for FGFR4 genotype with the effects of
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Figure 1 Polymerase chain reaction-restriction fragment length polymorphism analysis of fibroblast growth
factor receptor 4 G388 gene. Five individual tissue specimen of Head and Neck Squmous Cell Carcinoma are
presented. Line 2 shows a homozygote carrier for the Glycine allele, the dominant form of the fibroblast growth factor
receptor 4 (FGFR4). Lane 1, 3 and 5 show a heterozygote carrier of the FGFR4 with both alleles glycine388 and
arginine388. Lane 4 shows a homozygous carrier for the arginine allele.

all other three significant clinical variables (lymph node, tumor stage, and recurrence
status) were then incorporated and the joint effects of these three variables on FGFR4
genotype is remarkably shown in Figure 4B (P < 0.0001). When the logistic regression
model is fitted on FGFR4 genotype using lymph node, tumor stage and recurrence
status as covariates, it reveals a remarkable relationship between these three clinical
variables and FGFR4 genotype. The results of the respective logistic regression model
we applied are presented in Table 5. In aggregate, positive lymph nodes, tumor stages
and recurrence status are all related to FGFR4 genotype and result in a reduced
disease-free survival in those harboring the variant allele.

DISCUSSION

In recent years, many investigators have found polymorphisms in RTK and members
of the FGF-family as well, that correlated with poor prognosis, increased tumor
incidence, tumor growth, and lymph node metastasis*. In 1990 Schulze-Osthoff et
al"”! detected bFGF in tissue of patients with squamous cell carcinoma of the head and
neck region and localized them to cancer cells. Based on those previous studies, we
hypothesized that FGFR4 is overexpressed in HNSCC and looked further for any
correlations between the occurrence of the SNP of the FGFR4 Arg388 allele and
clinical outcome and prognosis. Recently, we have demonstrated that a SNP in the
transmembrane domain of the FGFR4 is associated with poor outcome in 104 patients
with HNSCC!". These results were in accordance with the study of da Costa, which
examined the role of this SNP in head and neck cancer in 75 cases”! and in the study
of Choi et al”!, who assessed it in 24 cases with oral carcinoma. Given the relatively
small number of cases, which da Costa, Choi and we included in this analysis, and
because of some contradictory results in other studies®*, we further examined these
parameters on a homogenous and larger cohort of 301 patients with oropharyngeal
cancer with respect to a correlation with cancer prognosis. Our results are in
accordance with Dutra et al””, who recently examined the role of FGFR4 SNP in
patients with oral carcinoma in a smaller cohort of 122 patients. The presence of allele
Arg388 was associated with lymphatic invasion and with disease related death. In
addition, they showed that low expression of FGFR4 was related to lymph node
positivity and relapse of disease, as well as disease related death!”. Farnebo et al*
reported in 2013 a positive correlation of the presence of FGFR4 Arg388 and improved
survival in patients with HNSCC, but this analysis consisted of only 13 vs 27 patients
(Arg388 vs wildtype). Importantly, Ansell et al*) have demonstrated a role for Arg388
in increased chemosensitivity for cisplatin therapy in patients with HNSCC. This
aspect has been underlined by Marmé et al"”}, who found a relationship between
Arg388 and pathological complete response in breast cancer with advanced disease.
Other investigators have demonstrated a role for FGFR4 SNP in entities like Non-
Hodgkins lymphomal'’, in early stage gastric cancer”, in prostate cancer with
increased tumor risk and reduced survival with odds ratio 1.34 for Arg388 compared
to Gly388""*”, in hepatocellular carcinoma!™ and in lung cancer™. In 2011, Frullanti et
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Table 2 Genotypes in patients and controls of fibroblast growth factor receptor 4 and calculated

probability of gene distribution in second rows n (%)

Fibroblast growth factor receptor 4 genotypes ~ Cancer cases (n=284) Controls (n = 123)

Gly/Gly 188 (66.2) 55 (45)
0.65 0.47

Gly/Arg 84 (29.6) 60 (49)
0.3 0.42

Arg/Arg 12 (4.2) 8 (6)
0.03 0.09

alt! conducted a comprehensive meta-analysis of 6817 cancer cases looking at the
FGFR4 Gly388Arg SNP as a cancer prognostic factor. This study consisted of cases
comprising 9 different entities of cancer showing a statistically significant association
between the Arg388Arg genotype and nodal involvement (odds ratio = 1.33, 95%
confidence interval 1.01-1.74) indicating a relevance for disease progression. Also,
Ipenburg et al carried out a thorough meta-analysis in 2016, where they evaluated
the impact of FGFR4 Gly388 SNP in 8 studies comprising 1159 patients with high rates
of FGFR4 Gly388Arg polymorphisms (32.5%-54.2%) and FGFR4 protein
overexpression (16 %-35%) correlating with worse overall and disease-free survival”.

Activation of FGFRs has been shown to activate AKT, ERK1/2 and STAT3
signaling***1. Activated FGFRs phosphorylates FRS2 on several sites, allowing the
recruitment of the adaptor proteins son of sevenless (SoS) and growth factor receptor
bound 2 (GRb2) to activate RAS and the downstream RAF and MAPK pathways. A
separate complex involving GRb2-associated-binding protein 1 (GAb1) recruits a
complex, which includes PI3K, and this activates an AKT-dependent anti-apoptotic
pathway. Activation of FGFRs also phosphorylates and activates STAT3 directly,
independent of FRS2. In aggregate, this supports the implication of FGFR signaling in
several oncogenic behaviours, including proliferation, survival, migration, invasion
and angiogenesis. Recently, Quintanal-Villalonga, Quintanal-Villalonga et al*"!
reported on the pro-oncogenic role of the FGFR4-388Arg variant in lung cancer; this
variant correlated with greater STAT3 and MAPK activation and higher expression of
EMT markers in vitro. This pro-tumorigenic role was mediated by the induction of N-
cadherin expression, which required STAT3 overactivation. These results suggested
that FGFR4-388Arg increases STAT3 activation, which consequently upregulates N-
cadherin expression. Then, N-cadherin upregulation increases AKT and MAPK
signaling, which may be ultimately responsible for the pro-oncogenic characteristics
reported in tumor cells. Furthermuore, Gao et al*”! reported Fibroblast growth factor
19 amplification, which was reported to promote tumorigenic growth in several
cancer types, corresponded with constitutive activation of FGFR4-dependent
ERK/ AKT-p70S6K-S6 signaling activation in HNSCC cells in a orthotopic knock-out
mouse model of HNSCC underlining the implication of signaling via FGFR4 in tumor
progression. Figure 5 depicts the FGFR4 signalling pathways in HNSCC sche-
matically.

Despite the enormous efforts in evaluating the impact of FGFR4 SNP on
progression and survival in various tumors, the field still lacks basic molecular
analyses of the FGFR4 signaling in tumor cells. Those experiments could provide
insights, which eventually lead to the identification of downstream signaling check
points. These could be targeted with small molecules for cancer therapy in
multimodal strategies.

In aggregate, the variant allele, FGFR Arg388, is associated with worst outcome in
patients with head and neck cancer as well as several other cancer entities. To this
end, it would be of significant importance to evaluate the biologic relevance of
aberrant FGFR4 signaling in cancer cells and its significance for a potential biomarker
role as well as its consequences in cancer therapy.
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Table 3 Table of chi-square test of association correlating fibroblast growth factor receptor 4 expression, lymph nodes and therapy

Fibroblast growth factor receptor 4 expression

low high n P-value
Lymph nodes NO, N1 and N2 479 459 938 0.0001
N3 117 58 175
Chemotherapy No 403 269 672 0.0001
Yes 193 248 441

Table 4 Table of chi-square test of association between fibroblast growth factor receptor 4 genotypes (Gly/Gly and Gly/Arg or Arg/Arg),

Lymph nodes, tumor stage, and recurrence status

Fibroblast growth factor receptor 4 genotype

Gly388 Arg388 n P-value
Positive lymph nodes NO, N1 and N2 644 295 939 0.010
N3 75 17 92
Tumor stage T1 and T2 491 86 577 0.0001
T3 and T4 228 226 454
Recurrence status 0 574 208 782 0.0001
1 145 104 249

Table 5 Results from Logistic regression of lymph node, tumor stage and recurrence status on fibroblast growth factor receptor 4

genotype (P < 0.0001)
Fibroblast growth factor receptor 4 genotype Coeff.  Std. Err. z P>|z| Odds ratio 95% CI
Recurrence status 0.440 0.1693179 2.6 0.009 4.37 0.1080489-0.7717629
positive lymph nodes 1.972 01585958 1244  0.0001 14.43 1.661438-2.283122
Tumor stage 1,721 0.2903174 593 0.0001 0.24 -2.29047-1.152446
constant -1.826 01234243 1479  0.0001 -2.067534-1.58372
143 March 24,2019 | Volume10 | Issue3 |
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Figure 2 Immunohistochemical analysis of fibroblast growth factor receptor 4 in primary head and neck squamous cell carcinoma tissue. A: High
expression of fibroblast growth factor receptor 4 (FGFR4) in tissue of oropharyngeal carcinoma; B: Medium expression of FGFR4 in tissue of oropharyngeal
carcinoma; C: Low expression of FGFR4 in tissue of oropharyngeal carcinoma; D: Expression of FGFR4 in healthy tissue of oropharyngeal mucosa (Mag. x40).

A 1001
FGFR4 Gly/Gly, n = 188
> FGFR4 Gly/Arg and Arg/Arg, n = 96
Z 0.757
§ P-value: 0.7754
a
E 0.50
c
]
T 0.251
5
O.OO l T T T T T
0 50 100 150 200
Survival time (mo)
B 1.0
Z
= 0.99
8
[
3 0.8+
IS P-value: 0.003
S 0.7
wn
g 0.64 FGFR4: low expression (17 = 54)
3 FGFR4: high expression (7 = 56)
Ol57 T T T T T T
0 5 10 15 20 25

Survival time (mo)

Figure 3 Estimated survival function of head and neck squamous cell carcinoma patients for fibroblast growth factor receptor 4 genotype and expression.
A: Wildtype fibroblast growth factor receptor 4 (FGFR4) Gly388 and mutant FGFR4 Arg388 are compared. The P-value reported is the result of the Log-rank test for
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ARTICLE HIGHLIGHTS

Research background

Head and neck squamous cell carcinoma (HNSCC) is considered to be a progressive disease
resulting from alterations in multiple genes regulating cell proliferation and differentiation like
Receptor Tyrosine Kinases (RTKs) especially members of the Fibroblast Growth Receptor
(FGFR)-family. Single-nucleotide polymorphism (SNP) Arg388 allele of the Fibroblast Growth
Factor Receptor 4 (FGFR4) is associated with a reduced overall survival in patients with cancers
of various types. We speculate that FGFR4 expression and Gly388Arg polymorphism are
associated with worse survival in patients with HSNCC. To investigate the potential clinical
significance of the FGFR4 Arg388 allele in the context of tumors arising in HNSCC, a
comprehensive analysis of FGFR4 receptor expression and genotype in tumor tissues and
correlated results with patients’ clinical data in a large cohort of patients with HNSCC was
conducted.

Research motivation

We undertook the study to investigate the impact of FGFR4 expression in tumor tissue of
HNSCC and the FGFR4 SNP Glycine to Arginine at position388 with regards to clinical
pathological characteristics in a large patient cohort. Our previous study revealed significant
results in a smaller group of patients with HNSCC, where this SNP was associated with reduced
survival and tumor progression whilst strong evidence for implication of this SNP was
demonstrated in other tumor entities. In the context of exploring future tumor therapeutic
interventions we aimed at providing strong evidence a possibly relevant useful target.

Research objectives

The aim of this study was to evaluate the relevant impact of FGFR4 expression and FGFR4 SNP
Gly/Arg388 in tumor progression of patients with HNSCC utilizing a large cohort analysis for
the respective aspects and correlate it with the patients’ clinical data with special emphasis on
patients” overall survival and disease progression.

Research methods

We analyzed tumor specimens of 284 patients with HNSCC and used Immunhistochemistry to
assess FGFR4 expression in tumor tissues and PCR-RLFP to identify FGFR4 genotype in the
same tumor samples. Obtained data was correlated in a comprehensive statistical analysis,
including multivariant analysis and logistic regression models.

Research results

We have shown that FGFR4 expression was almost evenly distributed among 3 groups with
strong, mediate and low expression levels. FGFR4 polymorphism Arg388 was prevalent in 33.8%
of patient. Strong FGFR4 expression in tumor cells was significantly associated with worse
overall survival. Furthermore, FGFR4 Arg388 genotype was strongly associated with tumor
progression, lymph node metastasis and reduced disease-free survival.

Research conclusions

Our results show the relevant impact of FGFR4 signaling for tumor progression and worse
survival in patients with HNSCC. These results confirm previous small-scale studies with similar
outcomes, now providing statistically robust results in order to underline the potential to
develop new target therapies in HNSCC.

Research perspectives

Facing the complexity of tumor biology with implications of multiple alterated pathways in
tumor development while therapy success in cancer therapy is still limited and therapies are
mostly limited to surgery and radiochemotherapy, there is still a strong need for new targets in
order to improve therapies in a multimodal setting. Obviously, further investigations are
mandatory to better understand the mechanisms how altered signaling pathways in cancer affect
tumor biology for future development of new target therapies.
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