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Simple Summary: To better identify patients with human papillomavirus (HPV)-positive oropha-
ryngeal cancer (OPSCC) and a poor prognosis after treatment, we compared the gene expression in
tumours from patients with a poor or a favourable prognosis in a case-control setting. The results
were thereafter validated in two separate cohorts on the RNA and protein levels. High RNA or
protein expression of FGF11 was correlated with a poor patient survival in all three cohorts. Taken
together, the data imply that FGF11 may play a major role in the prognosis of patients and that FGF11
could serve as a prognostic marker in HPV-positive oropharyngeal cancer.

Abstract: Human papillomavirus (HPV)-positive oropharyngeal squamous cell carcinoma (OPSCC)
is associated with a favourable prognosis. It has therefore been suggested that treatment should
be individualized and separated by HPV status. However, additional prognostic markers are still
needed before treatment can be individualized for this patient group. For this purpose, all patients
diagnosed with HPV and p16-positive OPSCC in Stockholm 2000–2009, identified as having a
partial/nonresponse to treatment and having viable tumour cells in their neck specimen with material
available were categorized as cases. These were matched to controls (complete responders), and the
differences in the gene expression were analysed. Two separate verification cohorts were identified
including patients with HPV- and p16-positive OPSCC, and the data from the case-control study were
verified by qPCR and immunohistochemistry (IHC) in the respective cohorts. A separation of gene
expression in correlation with survival was observed in the case-control study, and FGF11 expression
was identified as significantly differently expressed between the two groups. The prognostic role of
FGF11 was validated in the two cohorts on the RNA and protein levels, respectively. Taken together,
our findings suggest that FGF11 may indicate a poor prognosis in HPV-positive OPSCC and may
serve as a prognostic biomarker.

Keywords: FGF11; oropharyngeal cancer; tonsillar cancer; survival; prognosis

1. Introduction

Oropharyngeal squamous cell carcinoma (OPSCC) comprises squamous cell carcino-
mas of the tonsil (TSCC), the base of tongue (BOTSCC), and of the oropharyngeal walls
and soft palate (otherOPSCC) [1]. The global incidence of OPSCC amounts to around
100,000 cases annually, and around 30% of these cases are human papillomavirus-related
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(HPV+) [2]. Notably, there has been an increase in HPV+ OPSCC in many Western countries,
with a continuous increase for the last 50 years without evidence of a slowdown [3–7]. The
epidemic rise in OPSCC was first observed in Sweden, with a current incidence of almost
400 new cases per year [4,8,9]. Meanwhile, HPV-independent (HPV−) OPSCC has de-
creased in many countries, attributed to a decrease in traditional risk factors, e.g., smoking
and alcohol consumption [2,4,10].

HPV+ OPSCC has a better prognosis than its HPV− counterpart, with an 80% rather
than a 25–50% 5-year disease-specific survival [4,11]. In addition, the HPV+ tumours
more frequently present with lymph node metastasis at diagnosis as compared to their
HPV− counterparts [12]. Early-stage tumours commonly are treated with surgery or radio-
therapy alone; however, treatment of advanced tumours commonly entails neoadjuvant
or adjuvant chemoradiotherapy as well as lymph node dissection of the neck if lymph
node metastases remain after oncological treatment. These treatments and procedures are
often associated with troublesome side effects, and there is a general assumption that some
of these patients receive unnecessarily intensive treatment. On the other hand, although
patients with HPV+ OPSCC in general have a better survival, prognostic markers are
still needed to identify the rare patient population with HPV+ OPSCC and poor clinical
outcome, before treatment can possibly be tapered [2,4,11].

The aim of this study was therefore to identify biomarkers that could predict the
response to treatment and thereby patient survival. For this purpose, patients with HPV+
TSCC classified as non- or partial responders (NR and PR, respectively) to oncological
treatment were matched to patients with a complete response (CR), with the aim to find
new biomarkers in an explorative microarray analysis setting and to further validate the
data in external cohorts of OPSCC patients.

2. Materials and Methods
2.1. Patients and Tumour Material

All patients diagnosed with HPV-DNA-positive (HPV+) tonsillar and base of tongue
squamous cell carcinoma (TSCC and BOTSCC, respectively) in the County of Stockholm,
Sweden between 2000 and 2009 were identified from previous studies (n = 311) [9,13–15].
These patients had all been previously tested for the presence of HPV DNA by PCR and
p16INK4a expression by immunohistochemistry (IHC).

From the 311 patients, 12 cases were selected for the initial test cohort (the microarray
expression test cohort, Table 1) based on the following selection criteria: patients diagnosed
with a p16INK4a (p16)-overexpressing and HPV-type-16-DNA-positive TSCC, determined
as partial or non-responders to treatment with a subsequent neck dissection containing
“viable tumour cells” and with available tumour material from their primary pretreatment
TSCC biopsy. Matching patient controls diagnosed with TSCC and complete response (CR)
and with available pretreatment tumour material were selected and matched for age, stage,
WHO performance status (as a proxy of full dose treatment), and treatment (Table 1).

Table 1. Patients included in the first test set and their tumour characteristics.

Patients with HPV+
TSCC and PR/NR 1

Patients with HPV+
TSCC and CR 1 p-Value Total

Sex
Male 9 (75%) 8 (67%)

1.0 2 17 (71%)
Female 3 (25%) 4 (33%) 7 (29%)

Age
Mean 57.8 years 57.4 years

0.9 3
57.6 years

Min 42 years 43 years 42 years
Max 74 years 72 years 74 years

Tumour size
TNM-8

T1 1 (8%) 1 (8%)

1.0 4

2 (8%)
T2 6 (50%) 7 (58%) 13 (54%)
T3 3 (25%) 2 (17%) 5 (21%)
T4 2 (17%) 2 (17%) 4 (17%)
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Table 1. Cont.

Patients with HPV+
TSCC and PR/NR 1

Patients with HPV+
TSCC and CR 1 p-Value Total

Nodal status
TNM-8

N0 0 (0%) 0 (0%)

1.0 5

0 (0%)
N1 12 (100%) 11 (92%) 23 (96%)
N2 0 (0%) 1 (8%) 1 (4%)
N3 0 (0%) 0 (0%) 0 (0%)

Metastasis TNM-8
M0 12 (100%) 12 (100%)

1.0 6 24 (100%)
M1 0 (0%) 0 (0%) 0 (100%)

AJCC TNM-8

I 7 (58%) 8 (67%)

1.0 7

15 (63%)
II 3 (25%) 2 (17%) 5 (21%)
III 2 (17%) 2 (17%) 4 (17%)
IV 0 (0%) 0 (0%) 0 (0%)

Response CR 0 (0%) 12 (100%)
<0.001 8 12 (50%)

PR/NR 12 (100%) 0 (0%) 12 (50%)

Smoking Ever 10 (83%) 10 (83%)
1.0 9 20 (83%)

Never 2 (17%) 2 (17%) 4 (17%)

WHO status

0 12 (100%) 12 (100%)

1.0 10

24 (100%)
1 0 (0%) 0 (0%) 0 (0%)
2 0 (0%) 0 (0%) 0 (0%)
3 0 (0%) 0 (0%) 0 (0%)
1 CR = Complete response; PR/NR = Partial and non-response respectively. 2 Fischer exact test. 3 Student’s
t-test. 4 Fischer exact test T1–2 vs. T3–4. 5 Fischer exact test N0–1 vs. N2. 6 Fischer exact test. 7 Fischer exact
test I–II vs. III–IV. 8 Fischer exact test CR vs. PR/NR. 9 Fischer exact test. 10 Fischer exact test status 0–1 vs. 2–3.

The response to treatment was obtained from the medical records and was defined by
the surgeon three months after the completed treatment, which in all cases consisted of full
dose radiotherapy (RT) (conventional or hyperfractionated RT, total dose 68 Gy) and in one
case and one control case of concomitant cisplatin treatment.

To validate the data obtained from the test cohort, two validation cohorts were used.
Both consisted of patients diagnosed with OPSCC in 2000–2009, one with available primary
tumour material usable for RNA extraction (n = 47, Table 2) and the other with available
paraffin embedded tissue slides for validation of the data on the protein level (n = 44, Table 2).

2.2. RNA Extraction

All primary tumour tissue blocks were reviewed by a second pathologist to verify the
diagnosis and to select the representative tumour material. RNA was extracted from 60 µm
paraffin-embedded primary tumour specimens with the Qiagen RNeasy FFPE kit, following
the manufacturer’s instruction. Haematoxylin–eosin-stained slides were collected before
and after sectioning of the tissues used for RNA extraction, in order to verify the presence
of tumour in the analysed material.

2.3. Affymetrix Microarray Expression Analysis

In total, 50 ng of RNA from each FFPE sample was used to generate amplified
and biotinylated sense-strand cDNA from the entire expressed genome according to the
GeneChip® WT Pico Reagent Kit User Manual (P/N 703262 Rev 1 Affymetrix Inc., Santa
Clara, CA, USA). GeneChip ST Arrays® (GeneChip Equine Gene 1.0 ST Array) were hy-
bridized for 16 h in a 45 ◦C incubator, while rotating at 60 rpm. According to the GeneChip®

Expression Wash, Stain and Scan Manual (PN 702731 Rev 3, Affymetrix Inc., Santa Clara,
CA, USA), the arrays were then washed and stained using the Fluidics Station 450 and
finally scanned using the GeneChip Scanner 3000 7G.
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Table 2. Patients included in the validation cohorts and their tumour characteristics.

Patients with HPV+ TSCC/BOTSCC
Included in qPCR RNA

Validation Cohort

Patients with HPV+ TSCC/BOTSCC
Included in IHC Protein

Validation Cohort
p-Value

Sex
Male 37 (79%) 30 (68%)

0.3 1
Female 10 (21%) 14 (32%)

Age
Mean 60.0 years 61.0 years

0.6 2Min 42 years 33 years
Max 90 years 85 years

Tumour size TNM-8

T1 14 (30%) 12 (27%)

0.3 3T2 18 (38%) 13 (30%)
T3 12 (26%) 5 (11%)
T4 3 (6%) 14 (32%)

Nodal status
TNM-8

N0 4 (9%) 6 (14%)

0.5 4N1 37 (79%) 23 (52%)
N2 4 (9%) 14 (32%)
N3 2 (4%) 1 (2%)

Metastasis TNM-8
M0 47 (100%) 43 (98%)

0.5 5
M1 0 (0%) 1 (2%)

AJCC TNM-8

I 28 (60%) 18 (41%)

<0.0001 6II 14 (30%) 6 (14%)
III 5 (11%) 14 (32%)
IV 0 (%) 6 (14%)

Response CR 34 (72%) 33 (75%)
0.8 7

PR/NR 13 (28%) 11 (25%)

Smoking Ever 29 (62%) 25 (57%)
0.7 8

Never 18 (38%) 19 (43%)

WHO status

0 45 (96%) 40 (91%)

1.0 91 2 (4%) 4 (9%)
2 0 (0%) 0 (0%)
3 0 (0%) 0 (0%)

1 Fischer exact test. 2 Student’s t-test. 3 Fischer exact test T1–2 vs. T3–4. 4 Fischer exact test N0 vs. N1–3. 5 Fischer
exact test. 6 Fischer exact test I–II vs. III–IV. 7 Fischer exact test CR vs. PR/NR. 8 Fischer exact test. 9 Fischer exact
test status 0–1 vs. 2.

2.4. Microarray Data Analysis

The raw data were normalized in Expression Console, provided by Affymetrix
(http://www.affymetrix.com, accessed on 23 February 2016), using the robust multiarray
average (RMA) method that was first suggested by Li and Wong [16,17]. Subsequent
analysis of the differences in the gene expression was carried out in the Transcriptome
Analysis Console (TAC) Software 4.0 (Affymetrix Inc., Santa Clara, CA, USA). To increase
the percentage of variance and to better visualize the patterns of the original dataset, a 3D
Principal Component Analysis (PCA)-plot was used to visualize the microarray data.

2.5. qPCR

cDNA synthesis was performed utilizing the SuperScript VILO cDNA Synthesis Kit
(Invitrogen, Waltham, MA, USA) by following the manufacturer’s instructions. The mRNA
expression levels of FGF11 and the housekeeping gene GAPDH were quantified using
the TaqMan technology on an ABI PRISM 7500 sequence detection system (PE Applied
Biosystems, Waltham, MA, USA). The sequence-specific primers and probes were FGF11
(Hs00182803_m1) and GAPDH (Hs03929097_g1) (Applied biosystems). The delta–delta CT
method was used to calculate the relative gene expression.

http://www.affymetrix.com
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2.6. Immunohistochemistry

Immunohistochemistry (IHC) was performed by manual processing using a standard
avidin–streptavidin method as previously described [18]. In short, FFPE sections were
deparaffinized and rehydrated followed by antigen retrieval (citrate buffer pH 6.0), and
the endogenous peroxidase was blocked. The slides were thereafter incubated in horse
serum followed by incubation with the primary monoclonal mouse anti-FGF11 antibody at
4 ◦C overnight (diluted 1:100, clone MM0282-6J20; Abcam, Cambridge, UK). The sections
were then incubated with a biotinylated secondary anti-mouse IgG followed by incubation
with an avidin–streptavidin complex (VECTASTAIN Elite ABC-kit, Vector Laboratories,
Burlingame, CA, USA) for detection and DAB for visualization. The slides were counter-
stained with haematoxylin.

2.7. Staining Evaluation

The tumour sections and external positive and negative controls (normal tonsillar
tissue) were examined through light microscopy by two researchers/surgical pathologists
blinded for clinical outcome. In case of disagreement, unanimity was reached through
compromise. The percentage of positive tumour cells staining the cytoplasmic compartment
was scored and rounded off to the nearest 5%. Cytoplasmic staining intensity of the tumour
cells was evaluated using a three-tier scale of weak, intermediate, and strong. The tumour
cells were also evaluated for cytoplasmic staining intensity compared to that of the benign
adjacent epithelium using a three-tier scale of weaker, equivalent, and stronger.

2.8. Statistics

The chi-square test was used for categorical data and the Student’s t-test to compare
mean values. A Wilcoxon signed rank test was used to assess the differences in tumour
staining compared to the normal adjacent staining.

Survival was measured in years from the date of diagnosis to a defined event or to five
years after diagnosis, when patients were censored. An event was defined as death due
to any cause (overall survival, OS), death with OPSCC present (disease-specific survival,
DSS), or recurrence in OPSCC (disease-free survival, DFS). Differences in survival were
tested using the log-rank test. The Kaplan–Meier estimator was used to estimate the DFS,
DSS, and OS.

All calculations were performed using the IBM SPSS Statistics for Mac (IBM Corp.
Released 2021. IBM SPSS Statistics for Macintosh, Version 28.0. Armonk, NY: IBM Corp.).

3. Results
3.1. Patients and Their Characteristics

The patients included in the test cohort and their characteristics are depicted in Table 1.
In short, no differences between the patients’ clinical characteristics were observed, except
for the response to treatment (CR vs. PR/NR). The patients included in the validation
cohorts and their clinical characteristics are presented in Table 2.

3.2. Gene-Expression Analysis

The initial explorative gene-expression analysis was performed on the test cohort
described in Table 1. In total, 2222 transcript clusters were significantly (p = 0.05) differen-
tially expressed (1002 upregulated and 1220 downregulated) between primary tumours
from patients with CR (controls) and patients with PR/NR (cases). However, no transcript
clusters were found to be significantly differentially expressed (FDR p-value 0.05) after
adjusting for multiple testing.

After reviewing the Principal Component Analysis (PCA) plot of all tumours from
patients with PR/NR and the matched tumours from patients with CR, no separation
could be observed between these groups. However, when reanalysing the patient data,
six patients with PR/NR had a locoregional recurrence and died of disease within five
years after the primary diagnosis (defined here as poor diagnosis). In contrast, the other
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six patients with PR/NR stayed disease-free and were all alive more than five years after
diagnosis (defined here as favourable prognosis), similar to all patients diagnosed with
CR. Nevertheless, now, a tendency to separation in the PCA plot was noticed if poor
prognosis was considered instead (Figure 1A), which may suggest that tumours from
patients with poor prognosis were more similar than tumours from patients with PR/NR.
Therefore, in the further analyses, we focused on differences in the gene expression between
tumours from patients with favourable prognosis compared to those with poor survival. In
that analysis, 4988 transcript clusters were significantly (p = 0.05) differentially expressed
(2725 upregulated and 2263 downregulated, Table S1), and after adjusting for multiple
testing (FDR p-value 0.05), 28 transcript clusters (27 upregulated and 1 downregulated)
were found to be differentially expressed (Figure 1B).
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Figure 1. (A) Principal component analysis (PCA) plot representing the differentially expressed
genes in patients with favourable versus poor survival and complete response versus partial/non-
response to treatment. Here, poor survival was defined as a locoregional recurrence within 5 years,
and favourable survival was defined as alive and disease free >5-years after diagnosis. Notably,
a tendency to separation was observed between patients with (blue) and without (red) relapse
in disease. No separation was observed between patients defined as non-/partial responders to
treatment (circles) and complete responders (boxes). (B) The list of differentially expressed genes
(FDR < 0.05) in patients with favourable versus poor survival. (C) Bar chart showing the relative
tumour FGF11 gene expression as determined by microarray analysis in all 24 patients. Patient bars
are arranged according to treatment response and colour coded according to relapse status.
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When applying a filtering value of p = 0.01 and a fold change of at least +/−2, 79 tran-
script clusters were identified as differentially expressed in patients with favourable versus
poor survival (Supplementary Table S1). However, only 14 transcripts were significantly
expressed (FDR p-value = 0.05) after adjusting for multiple testing. Here, FGF11 was
identified as the only transcript cluster encoding gene with a public gene ID (Figure 1B,C).
Therefore, the subsequent analyses focused on FGF11 expression only and its correlation
with prognosis.

3.3. Validation of the FGF11 RNA Levels as a Prognostic Marker by qPCR

In order to validate the prognostic value of FGF11 RNA expression in OPSCC, a
separate cohort of 47 patients diagnosed with HPV-positive TSCC and BOTSCC with
available RNA was identified and selected. The patients’ characteristics are depicted in
Table 2. In this cohort, a high expression of FGF11 was significantly associated with a worse
clinical outcome. In more detail, patients with HPV+ OPSCC with a locoregional recurrence
and/or dead with disease within 5 years after diagnosis had significantly higher FGF11
levels (p = 0.01, Figure 2A). Likewise, if only locoregional recurrence was considered as an
event in this cohort, patients with a locoregional recurrence had significantly higher FGF11
levels, as compared to all other patients (p = 0.02, Figure 2A).

3.4. Validation of FGF11 as a Prognostic Protein Marker by Immunohistochemistry

To further validate the prognostic role of FGF11 expression on the protein level, FFPE
slides were obtained from 44 patients diagnosed with HPV-positive OPSCC and stained for
FGF11 by immunohistochemistry. The immunoreactivity for FGF11 in the TSCC (n = 9) and
BOTSCC (n = 35), as well as the adjacent normal epithelium, was evaluated by two surgical
pathologists. FGF11 was predominantly detected in the cytoplasm of the neoplastic and
the normal cells, but the FGF11 expression level, as measured by staining intensity, was
significantly different compared to that in the adjacent normal epithelium (weaker n = 4,
equal n = 10, and stronger n = 30; p < 0.0001, Figure 2B).

To investigate the prognostic role of the FGF11 expression, the expression and in-
tensity of the immunoreactivity to FGF11 was compared to the patients’ overall, disease-
specific, and disease-free survival (OS, DSS, and DFS respectively). Notably, in general,
the protein expression data confirmed the RNA expression data, in which a stronger
tumour FGF11 immunoreactivity was associated with a worse survival. More specifi-
cally, patients with a strong intensity of cytoplasmic FGF11 immunoreactivity in their
tumours had a significantly worse OS (44%) as compared to those with a weak tumour
reactivity (100%) (log rank, p = 0.006, Figure 2C). The corresponding figures for the
DSS and DFS were 39% vs. 86% (log rank, p = 0.024) and 67% vs. 86% (log rank,
p = 0.3), respectively (Figure 2C). In addition, patients whose tumours had a weaker
FGF11 immunoreactivity than the adjacent normal epithelium were all alive at followup
(n = 4). However, the difference in survival was not significant when comparing patients
with weaker tumour to normal epithelium FGF11 expression to those patients with a
stronger tumour to normal epithelium FGF11 expression.

Likewise, when comparing the fraction (percentage) of FGF11 positive tumour cells,
patients with a higher fraction of FGF11 positive cells (>75%) had a significantly worse OS,
compared to those with fewer positive tumour cells (58% vs. 83%, log rank, p = 0.047). The
corresponding figures for the DSS and DFS were 53% vs. 83% (log rank, p = 0.03) and 77%
vs. 83% (log rank, p = 0.6), respectively (Figure 2C).
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Figure 2. (A) Bar graphs (including standard deviation, SD) showing a significant (p = 0.01 and
p = 0.02, respectively) difference in the relative FGF11 gene expression between good and poor
survival as determined by qPCR. Plot I: poor survival defined as a locoregional recurrence and/or
dead with disease. Plot II: poor survival defined as a locoregional recurrence. (B) Microphotographs
of examples of FGF11-immunohistochemical staining and their interpretation. I, top left: absence
of FGF11 staining in tumour cells with surrounding positive lymphoepithelial tissue and tumour
infiltrating lymphocytes. II, top right: moderate cytoplasmic immunoreactivity in tumour cells. III,
bottom left: strong cytoplasmic immunoreactivity in tumour cells. IV, bottom right: weak cytoplasmic
immunoreactivity in tumour cells, also weaker than in the adjacent normal epithelium. (C) Survival
curves depicting overall survival (OS), disease-specific survival (DSS), and disease-free survival
(DFS) with regard to FGF11 tumour staining intensity (plots I–III) and the proportion of tumour cells
expressing FGF11 (plots IV–VI). Patients with a strong FGF11 intensity had a significantly poorer OS
and DSS (p = 0.006 and p = 0.024, respectively). Similarly, patients with a stronger FGF11 intensity
tended to have a worse DFS, compared to patients with weak intensity; however, these differences
were not statistically significant (p = 0.3). Moreover, patients with a higher fraction of FGF11 positive
cells (>75%) had a significantly worse OS and DSS as compared to patients with a lower fraction of
positive tumour cells (p = 0.05 and p = 0.03, respectively). However, no differences were observed in
the DFS between these two patient groups (p = 0.6).

4. Discussion

In this study, we identified FGF11 as a prognostic marker in OPSCC by first using an
explorative gene-expression setup, followed by a verification of its prognostic role on both
the RNA and protein level in two separate cohorts of OPSCC patients. Taken together, the
data imply an important role of FGF11 for the prognosis of patients with HPV+ OPSCC.

The initial “case-control” setup included patients with PR/NR with viable tumour
cells in their neck specimen defined as “cases” that were matched with regard to age, stage,
and treatment to patients with CR to treatment defined as controls. Due to the overall
good response to treatment in patients with HPV+ OPSCC, the cases were rare in the total
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cohort, and a 10-year period was needed to collect a sufficient number of cases. However,
during this time period, treatment schemes for this cohort changed (from conventional RT
only to more hyperfractionated RT with/without concomitant chemotherapy). Therefore,
the WHO performance status data were also obtained from medical charts and used as
a “proxy” for full dose treatment. Nevertheless, no significant differences between the
patients with NR/PR and CR were observed; therefore, we argue that the two different
study groups were similar with regard to all the studied parameters, with the exception of
response to treatment (CR, PR/NR).

Notably, no separation in RNA expression was observed in the PCA plot between
tumours from patients with CR and NR/PR, which may suggest that there is a biological
heterogenous process behind the diagnosis of response to treatment. Another partial
explanation to why no separation was observed may be that the micromorphological
assessment of viable tumour cells is difficult for the pathologist and has a low sensitivity
and specificity. However, in the subgroup analysis a tendency of separation was observed
in the PCA plot, which may suggest a more biological homogenous process.

Few transcripts were identified as significantly differently expressed between the
survival groups in the subgroup analysis, and FGF11 RNA expression was identified as the
only prognostic transcript encoding a public gene ID. Furthermore, its prognostic role in
HPV-related OPSCC was further verified by two different methods in two separate cohorts.
Initially, we identified FGF11 expression as significantly differentially expressed between
patients that had a locoregional relapse and died with their disease within five years, and
this finding was further validated in a separate cohort by qPCR. However, the protein
levels of FGF11 were not correlated with the DFS in the second validation cohort, which we
assume may partially be explained by the limited number of patients and the few events in
that cohort.

Fibroblast growth factors (FGFs) comprise a large family of cell signalling proteins
involved in cell proliferation, survival, migration, invasion, and angiogenesis. They have
been shown to have an oncogenic role in many cancer types; however, FGF signalling may
also have tumour suppressing capacities [19]. The large family of FGF conserved signalling
proteins are therefore notably divided into three groups of proteins: (i) the intracellular
FGFs, (ii) the hormone-like (endocrine) FGSs, and (iii) the canonical (paracrine) FGFs [20].

FGF11 belongs to the intracellular group and is therefore not secreted and is located
within the cytoplasm. Intracellular FGFs are suggested to function as intracellular pro-
teins independent of fibroblast growth factor receptors (FGFRs); irrespectively, previous
studies have shown the importance of FGF11 for tumour growth, invasion, and metastatic
potential [20–22]. A recent study evaluated the role of FGF11 in non-small cell lung cancer
(NSCLC), and the authors suggested that FGF11 functions as an oncogene in NSCLC tu-
mour progression [23]. Another study showed that the expression levels of FGF11 increased
by hypoxia, and it has also been reported to decrease the degradation of HIF-1α [24]. No-
tably, increased levels of HIF-1α have been associated with a worse prognosis in many
types of cancer, including OPSCC [25]. It is possible that the negative impact of FGF11
levels on the prognosis observed here is mediated by variations in the levels of HIF-1α, but
further studies would be needed before such a conclusion could be drawn.

We acknowledge some limitations of this study. The survival and clinical data were
collected retrospectively from patient records. However, of note, all data were collected
prospectively in the patient records during their regular follow ups. In addition, the num-
ber of patients in all cohorts were limited, and the number of events was not compatible
with performing a multivariable analysis. Consequently, the data presented above should
be considered as only exploratory, and in order to clearly determine the prognostic im-
pact of FGF11, its correlation with survival should also be investigated in a randomized
prospective setting.
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5. Conclusions

In summary, this study shows that overexpression of FGF11 could indicate poor
survival in patients with HPV-positive OPSCC. Furthermore, the data imply that FGF11
may play a major role in the prognosis of patients with these tumours. We therefore
hypothesize that FGF11 could potentially be of clinical use as a prognostic biomarker and
could potentially be of use for better tailoring patient treatment. However, prior to this,
further studies are needed to disclose the molecular role of FGF11 in OPSCC.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers15071954/s1, Table S1: Significant differences in the gene
expression between tumours from patients with favourable prognosis and those with poor survival.

Author Contributions: Conceptualization, L.H., L.M., E.M.-W. and A.N.; methodology, C.H.d.F.,
L.H., S.H., O.N.K., M.Z. and A.N.; software, C.H.d.F. and A.N.; validation, C.H.d.F., L.H., S.H.,
O.N.K., M.Z. and A.N.; formal analysis, C.H.d.F., L.H., S.H., O.N.K., M.Z., T.D., E.M.-W., L.M.
and A.N.; investigation, C.H.d.F., L.H., S.H., O.N.K., M.Z., L.M. and A.N.; resources, E.M.-W., T.D.
and A.N.; data curation, C.H.d.F., L.H. and A.N.; writing—original draft preparation, C.H.d.F. and
A.N.; writing—review and editing, C.H.d.F., L.H., S.H., O.N.K., M.Z., T.D., E.M.-W., L.M. and A.N.;
visualization, C.H.d.F. and A.N.; supervision, E.M.-W., T.D. and A.N.; project administration, L.H.
and A.N.; funding acquisition, E.M.-W. and A.N. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by The Swedish Cancer Foundation, grant numbers 200778P,
200704P, and 210292JCIA; Stockholms Läns Landsting (ALF), grant number FoUI-973795; The Cancer
and Allergy Foundation, grant numbers 10662, 10127, and 10137; Magnus Bergvalls Stiftelse, grant
number 2020-03737; The Stockholm Cancer Society, grant numbers 201242 and 201092; and Svenska
Läkaresällskapet, grant number SLS-935256.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Karolinska Institutet
(2009/1278-31/2, date of approval 2 September 2009; 2017/1035-31/2, date of approval 21 June 2017;
2018/870-32, date of approval 25 April 2018).

Informed Consent Statement: Informed consent was obtained from the patients in the study accord-
ing to the ethical permissions stated above.

Data Availability Statement: Due to privacy concerns with expression data, processed, deidentified
data will be made available upon reasonable request to the corresponding author.

Acknowledgments: Array and Analysis Facility, Science for Life Laboratory at Uppsala Biomedical
Center (BMC), Husargatan 3, 751 23 Uppsala.

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

References
1. Haeggblom, L.; Ramqvist, T.; Tommasino, M.; Dalianis, T.; Nasman, A. Time to change perspectives on HPV in oropharyngeal

cancer. A systematic review of HPV prevalence per oropharyngeal sub-site the last 3 years. Papillomavirus Res. 2017, 4, 1–11.
[CrossRef] [PubMed]

2. Taberna, M.; Mena, M.; Pavon, M.A.; Alemany, L.; Gillison, M.L.; Mesia, R. Human papillomavirus-related oropharyngeal cancer.
Ann. Oncol. 2017, 28, 2386–2398. [CrossRef] [PubMed]

3. Carlander, A.F.; Jakobsen, K.K.; Bendtsen, S.K.; Garset-Zamani, M.; Lynggaard, C.D.; Jensen, J.S.; Gronhoj, C.; Buchwald, C.V. A
Contemporary Systematic Review on Repartition of HPV-Positivity in Oropharyngeal Cancer Worldwide. Viruses 2021, 13, 1326.
[CrossRef]

4. Nasman, A.; Du, J.; Dalianis, T. A global epidemic increase of an HPV-induced tonsil and tongue base cancer—Potential benefit
from a pan-gender use of HPV vaccine. J. Intern. Med. 2020, 287, 134–152. [CrossRef] [PubMed]

5. de Martel, C.; Ferlay, J.; Franceschi, S.; Vignat, J.; Bray, F.; Forman, D.; Plummer, M. Global burden of cancers attributable to
infections in 2008: A review and synthetic analysis. Lancet Oncol. 2012, 13, 607–615. [CrossRef]

6. Zamani, M.; Gronhoj, C.; Jensen, D.H.; Carlander, A.F.; Agander, T.; Kiss, K.; Olsen, C.; Baandrup, L.; Nielsen, F.C.; Andersen,
E.; et al. The current epidemic of HPV-associated oropharyngeal cancer: An 18-year Danish population-based study with
2169 patients. Eur. J. Cancer 2020, 134, 52–59. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers15071954/s1
https://www.mdpi.com/article/10.3390/cancers15071954/s1
http://doi.org/10.1016/j.pvr.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/29179862
http://doi.org/10.1093/annonc/mdx304
http://www.ncbi.nlm.nih.gov/pubmed/28633362
http://doi.org/10.3390/v13071326
http://doi.org/10.1111/joim.13010
http://www.ncbi.nlm.nih.gov/pubmed/31733108
http://doi.org/10.1016/S1470-2045(12)70137-7
http://doi.org/10.1016/j.ejca.2020.04.027


Cancers 2023, 15, 1954 11 of 11

7. Lechner, M.; Liu, J.; Masterson, L.; Fenton, T.R. HPV-associated oropharyngeal cancer: Epidemiology, molecular biology and
clinical management. Nat. Rev. Clin. Oncol. 2022, 19, 306–327. [CrossRef]

8. Hammarstedt, L.; Lindquist, D.; Dahlstrand, H.; Romanitan, M.; Dahlgren, L.O.; Joneberg, J.; Creson, N.; Lindholm, J.; Ye, W.;
Dalianis, T.; et al. Human papillomavirus as a risk factor for the increase in incidence of tonsillar cancer. Int. J. Cancer 2006,
119, 2620–2623. [CrossRef]

9. Nasman, A.; Attner, P.; Hammarstedt, L.; Du, J.; Eriksson, M.; Giraud, G.; Ahrlund-Richter, S.; Marklund, L.; Romanitan, M.;
Lindquist, D.; et al. Incidence of human papillomavirus (HPV) positive tonsillar carcinoma in Stockholm, Sweden: An epidemic
of viral-induced carcinoma? Int. J. Cancer 2009, 125, 362–366. [CrossRef]

10. Chaturvedi, A.K.; Engels, E.A.; Pfeiffer, R.M.; Hernandez, B.Y.; Xiao, W.; Kim, E.; Jiang, B.; Goodman, M.T.; Sibug-Saber, M.;
Cozen, W.; et al. Human papillomavirus and rising oropharyngeal cancer incidence in the United States. J. Clin. Oncol. 2011,
29, 4294–4301. [CrossRef]

11. Nasman, A.; Holzhauser, S.; Kostopoulou, O.N.; Zupancic, M.; Ahrlund-Richter, A.; Du, J.; Dalianis, T. Prognostic Markers and
Driver Genes and Options for Targeted Therapy in Human-Papillomavirus-Positive Tonsillar and Base-of-Tongue Squamous Cell
Carcinoma. Viruses 2021, 13, 910. [CrossRef] [PubMed]

12. Bauwens, L.; Baltres, A.; Fiani, D.J.; Zrounba, P.; Buiret, G.; Fleury, B.; Benzerdjeb, N.; Gregoire, V. Prevalence and distribution of
cervical lymph node metastases in HPV-positive and HPV-negative oropharyngeal squamous cell carcinoma. Radiother. Oncol.
2021, 157, 122–129. [CrossRef] [PubMed]

13. Nasman, A.; Andersson, E.; Marklund, L.; Tertipis, N.; Hammarstedt-Nordenvall, L.; Attner, P.; Nyberg, T.; Masucci, G.V.;
Munck-Wikland, E.; Ramqvist, T.; et al. HLA class I and II expression in oropharyngeal squamous cell carcinoma in relation to
tumor HPV status and clinical outcome. PLoS ONE 2013, 8, e77025. [CrossRef] [PubMed]

14. Attner, P.; Du, J.; Nasman, A.; Hammarstedt, L.; Ramqvist, T.; Lindholm, J.; Marklund, L.; Dalianis, T.; Munck-Wikland, E. Human
papillomavirus and survival in patients with base of tongue cancer. Int. J. Cancer 2011, 128, 2892–2897. [CrossRef]

15. Marklund, L.; Holzhauser, S.; de Flon, C.; Zupancic, M.; Landin, D.; Kolev, A.; Haeggblom, L.; Munck-Wikland, E.; Hammarstedt-
Nordenvall, L.; Dalianis, T.; et al. Survival of patients with oropharyngeal squamous cell carcinomas (OPSCC) in relation to TNM
8—Risk of incorrect downstaging of HPV-mediated non-tonsillar, non-base of tongue carcinomas. Eur. J. Cancer 2020, 139, 192–200.
[CrossRef]

16. Irizarry, R.A.; Hobbs, B.; Collin, F.; Beazer-Barclay, Y.D.; Antonellis, K.J.; Scherf, U.; Speed, T.P. Exploration, normalization, and
summaries of high density oligonucleotide array probe level data. Biostatistics 2003, 4, 249–264. [CrossRef]

17. Li, C.; Wong, W.H. Model-based analysis of oligonucleotide arrays: Expression index computation and outlier detection. Proc.
Natl. Acad. Sci. USA 2001, 98, 31–36. [CrossRef]

18. Nasman, A.; Andersson, E.; Nordfors, C.; Grun, N.; Johansson, H.; Munck-Wikland, E.; Massucci, G.; Dalianis, T.; Ramqvist, T.
MHC class I expression in HPV positive and negative tonsillar squamous cell carcinoma in correlation to clinical outcome. Int. J.
Cancer 2013, 132, 72–81. [CrossRef]

19. Turner, N.; Grose, R. Fibroblast growth factor signalling: From development to cancer. Nat. Rev. Cancer 2010, 10, 116–129.
[CrossRef]

20. Kettunen, P.; Furmanek, T.; Chaulagain, R.; Kvinnsland, I.H.; Luukko, K. Developmentally regulated expression of intracellular
Fgf11-13, hormone-like Fgf15 and canonical Fgf16, -17 and -20 mRNAs in the developing mouse molar tooth. Acta Odontol. Scand.
2011, 69, 360–366. [CrossRef]

21. Zhuang, Z.; Jian, P.; Longjiang, L.; Bo, H.; Wenlin, X. Oral cancer cells with different potential of lymphatic metastasis displayed
distinct biologic behaviors and gene expression profiles. J. Oral. Pathol. Med. 2010, 39, 168–175. [CrossRef]

22. Yang, J.; Kim, W.J.; Jun, H.O.; Lee, E.J.; Lee, K.W.; Jeong, J.Y.; Lee, S.W. Hypoxia-induced fibroblast growth factor 11 stimulates
capillary-like endothelial tube formation. Oncol. Rep. 2015, 34, 2745–2751. [CrossRef]

23. Wu, X.; Li, M.; Li, Y.; Deng, Y.; Ke, S.; Li, F.; Wang, Y.; Zhou, S. Fibroblast growth factor 11 (FGF11) promotes non-small cell lung
cancer (NSCLC) progression by regulating hypoxia signaling pathway. J. Transl. Med. 2021, 19, 353. [CrossRef]

24. Lee, K.W.; Yim, H.S.; Shin, J.; Lee, C.; Lee, J.H.; Jeong, J.Y. FGF11 induced by hypoxia interacts with HIF-1alpha and enhances its
stability. FEBS Lett. 2017, 591, 348–357. [CrossRef]

25. Rahimi, A.S.; Wilson, D.D.; Saylor, D.K.; Stelow, E.B.; Thomas, C.Y.; Reibel, J.F.; Levine, P.A.; Shonka, D.C.; Jameson, M.J.; Read,
P.W. p16, Cyclin D1, and HIF-1alpha Predict Outcomes of Patients with Oropharyngeal Squamous Cell Carcinoma Treated with
Definitive Intensity-Modulated Radiation Therapy. Int. J. Otolaryngol. 2012, 2012, 685951. [CrossRef]

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/10.1038/s41571-022-00603-7
http://doi.org/10.1002/ijc.22177
http://doi.org/10.1002/ijc.24339
http://doi.org/10.1200/JCO.2011.36.4596
http://doi.org/10.3390/v13050910
http://www.ncbi.nlm.nih.gov/pubmed/34069114
http://doi.org/10.1016/j.radonc.2021.01.028
http://www.ncbi.nlm.nih.gov/pubmed/33545255
http://doi.org/10.1371/journal.pone.0077025
http://www.ncbi.nlm.nih.gov/pubmed/24130830
http://doi.org/10.1002/ijc.25625
http://doi.org/10.1016/j.ejca.2020.08.003
http://doi.org/10.1093/biostatistics/4.2.249
http://doi.org/10.1073/pnas.98.1.31
http://doi.org/10.1002/ijc.27635
http://doi.org/10.1038/nrc2780
http://doi.org/10.3109/00016357.2011.568968
http://doi.org/10.1111/j.1600-0714.2009.00817.x
http://doi.org/10.3892/or.2015.4223
http://doi.org/10.1186/s12967-021-03018-7
http://doi.org/10.1002/1873-3468.12547
http://doi.org/10.1155/2012/685951

	Introduction 
	Materials and Methods 
	Patients and Tumour Material 
	RNA Extraction 
	Affymetrix Microarray Expression Analysis 
	Microarray Data Analysis 
	qPCR 
	Immunohistochemistry 
	Staining Evaluation 
	Statistics 

	Results 
	Patients and Their Characteristics 
	Gene-Expression Analysis 
	Validation of the FGF11 RNA Levels as a Prognostic Marker by qPCR 
	Validation of FGF11 as a Prognostic Protein Marker by Immunohistochemistry 

	Discussion 
	Conclusions 
	References

