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Summary
Background Despite distinctive advances in the field
of pancreatic cancer therapy over the past few years,
patient survival remains poor. Fibroblast growth fac-
tors 8 (FGF8) and 18 (FGF18) both play a role in mod-
ulating the activity of malignant cells and have been
identified as promising biomarkers in a number of
cancers. However, no data exist on the expression
of FGF8 and FGF18 in pancreatic ductal adenocarci-
noma (PDAC).
Methods Protein expression levels of FGF8 and FGF18
in postoperative specimens of neoadjuvantly treated
and primarily resected patients were investigated us-
ing immunohistochemistry. Immunostaining scores
were calculated as the products of the staining inten-
sity and the staining rate. Scores exceeding the me-
dian score were considered as high expression.
Results Specimens from 78 patients with PDAC were
available and met the eligibility criteria for analy-
sis of protein expression using immunohistochem-
istry. 15 (19.2%) patients had received neoadjuvant
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chemotherapy. High protein levels of FGF8 and FGF18
were detected in 40 (51.8%) and 33 (42.3%) patients,
respectively. Kaplan–Meier analysis demonstrated
significantly shorter overall survival in patients with
high expression of FGF8 (p=0.04). Multivariable Cox
proportional hazard regression models revealed that
high expression of FGF8 (Hazard ratio [HR] 0.53, 95%
Confidence interval [CI] 0.32–0.89, p=0.016) was an
independent prognostic factor for diminished overall
survival in patients with PDAC. By contrast, no statis-
tical significance was found for FGF18 overexpression.
In addition, the FGF8 protein level correlated with the
factor resection margin (p=0.042).
Conclusion FGF8 is a promising target for new an-
ticancer therapies using FGF inhibitors in pancreatic
ductal adenocarcinomas.

Keywords Targeted therapy · Inflammation · Ligand-
traps · Neoadjuvant therapy · Pancreatic surgery

Main novel aspects

� This is the first study of expression of FGF8 and
FGF18 in pancreatic ductal adenocarcinoma

� The patient cohort includes neoadjuvantly treated
patients

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is cur-
rently the 7th leading cause of cancer death, with
more than 400,000 observed deaths annually world-
wide [1, 2]. The incidence of PDAC is higher in more
developed countries and in the elderly population
[1, 3]. Despite the introduction of new therapeutic
approaches combining multimodal treatment proto-
cols and surgical resection, at only 8%, PDAC has the
lowest 5-year survival rate of all cancer types [4–7].
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One of the most important causes of the devastating
survival rate of PDAC lies in its late diagnosis. The
majority of patients present with distant metastatic
disease at the time of diagnosis and around one
third of cases present with locally advanced disease
[8]. Due to the increasing availability of diagnostic
tools like computed tomography (CT), an increasing
number of patients are diagnosed in an early locally
advanced stage of disease and therefore qualify for
neoadjuvant therapy, which has emerged as a stan-
dard treatment in borderline resectable PDAC [6, 9].
Although novel therapeutic combinations based on
gemcitabine or FOLFIRINOX have shown promising
results in all stages of disease, a large number of pa-
tients suffer from little to no efficacy based on the
development of chemoresistance [10]. Patients with
diabetes and chronic pancreatitis are more likely to
suffer from PDAC. Furthermore, smoking, alcohol
abuse, and a high fat and protein diet increase the
risk of developing PDAC, underlining the crucial role
of inflammation in pancreatic carcinogenesis which
is characterized by desmoplasia-driven activation and
differentiation of pancreatic stellate cells into pancre-
atic αSMA+/vimentin+ myofibroblasts [11–13]. Beside
the systemic inflammatory response (SIR), emerging
evidence determined that inflammation-associated
vital genes, signaling pathways, and growth factors
such as PI3K (phosphatidylinositol), Ras-MAPK (mi-
togen-activated protein kinase), STAT (signal and ac-
tivator of transcription), Wnt, EGF (epidermal growth
factor), and FGF (fibroblast growth factor) are in-
volved in the carcinogenesis and progression of PDAC
[14–21]. FGFs are peptide-like molecules which bind
to their specific receptors (FGFR) on cell membranes
to govern cell growth. FGFs can be found in nu-
merous types of tissue and are known to promote
fibroblast proliferation. Due to their high affinity for
heparin, FGFs are also known as heparin-conjugate
growth factors. The molecular structure of FGF pro-
teins includes a heparin sulphate (HS) domain and
a fibroblast growth factor receptor-binding domain.
In mammals, 22 different FGFs are known today. Be-
side the biggest FGF subfamily, the canonical FGFs,
one endocrine and one intracellular FGF subfamily
exists and all FGFs mediate their cellular response
via binding and activation of one of four FGFRs [14,
21]. A broad range of FGFs have been investigated
in vitro and in vivo for their role and influence on
PDAC, including the treatment response of pancre-
atic cancer cells to chemotherapy and the use of anti-
FGF therapy, so called “ligand-traps” [14, 22–29].

The prognostic role of the fibroblast growth factors
(FGF) 8 and 18, both members of the FGF subfam-
ily 8, were investigated in a number of malignancies
[30–35]. Whereas the majority of studies describe di-
minished patient prognosis in cancers overexpress-
ing FGF8 and FGF18, a protective effect of FGF18
has been found for gastroesophageal adenocarcino-
mas [36]. Furthermore, there are increasing data on

the use of FGF ligand traps and fibroblast growth fac-
tor receptor (FGFR) inhibitors to overcome chemore-
sistance in various cancers, including pancreatic tu-
mors [37–39]. However, no data on the expression
of FGF8 and FGF18 in PADC are available to date.
Therefore, the aim of this study was to investigate
the expression rates and a possible prognostic role of
FGF8 and FGF18 in a cohort of primarily resected and
neoadjuvantly treated PDAC patients.

Materials and methods

Patients who underwent resection of PDAC between
1994 and 2012 at the Medical University of Vienna
were identified from a prospectively maintained
database. Patients with distant metastasis at the time
of diagnosis or history of any other malignant disease
were excluded. The study was approved by the ethics
committee of the Medical University of Vienna, ac-
cording to the declaration of Helsinki (EK 1518/2020).
Patients with borderline resectable PDAC at the time
of diagnosis received neoadjuvant treatment accord-
ing to the recommendations of the interdisciplinary
tumor board meetings at the Medical University of
Vienna Tumor stage was determined according to the
pathological tumor/node/metastasis (TNM) classifi-
cation of the Union for International Cancer Control
(UICC), 8th edition.

Immunohistochemistry (IHC) was performed as
reported previously [36]. In brief, paraffin-embedded
specimens fixed in 4% buffered formalin were used
with 3-µm thick histological sections. Expression of
FGF8 and FGF18 was detected using polyclonal rabbit
antibodies as follows: FGF8 antibody (Abcam®, Cam-
bridge, UK, ab203030) in a dilution of 1:600 and FGF18
antibody (Assay Biotech®, Fremont, CA, USA, C12364)
in a dilution of 1:500, respectively. Detection of the
primary antibody was performed using a horseradish
peroxidase (HRP)-labeled polymer system specific
for mouse and rabbit IgG antibodies. The poly-
mer complex was visualized using 3,3′-diaminoben-
zidine (DAB) and nuclei were counterstained using
hematoxylin. All steps were performed according to
the manufacturer’s protocols (Thermo Scientific™,
Waltham, MA, USA; UltraVision LP Detection Sys-
tem HRP DAB). Stained sections were scanned using
3DHISTECH Ltd. (Budapest, Hungary) Pannoramic
MIDI slides canner and analyzed and scored using
Pannoramic Viewer 1.15.4 Software. Antibodies used
in this study were optimized for PDAC on colorectal
cancer and esophageal adenocarcinoma tissue with
known expression from previously published studies
[36–38].

Statistical analysis was performed using the R sta-
tistical software, Vienna, Austria (version 3.6) with the
survival package. To determine the cut-off value for
CA19-9, the optimal cutpoints package was used as
appropriate [40, 41]. Overall survival (OS) was de-
fined as the time between primary surgery and the
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patient’s death. Death from causes other than PDAC
or survival until the end of observation were consid-
ered as censored observations. Uni- and multivariable
analyses were conducted using the Cox proportional
hazard model as appropriate. The Kaplan–Meier es-
timator analysis was performed using the survminer
package for R statistical software [42]. The log-rank
test was used to determine the significance of dif-
ferences in survival times. Potential significance of
correlations between clinicopathological factors and
FGF8 and FGF18 expression levels were analyzed with
the χ2 test. Non-parametric Kendall’s rank correlation
was performed to investigate potential statistical de-
pendence between FGF8 and FGF18.

Fig. 1 Specimen of pan-
creatic ductal adenocar-
cinomas stained for fibro-
blast growth factor (FGF) 8 (a
and c) and FGF18 (b and d).
a, b High expression levels
of FGF8 and FGF18, re-
spectively. c, d Low/absent
expression of FGF18, re-
spectively. The red bar cor-
responds to 50μm. Original
magnification × 400 all

Fig. 2 Kaplan–Meier curves of overall survival of patients with pancreatic ductal adenocarcinomas comparing high and low/
absent expression of FGF8 (a) and FGF18 (b). FGF fibroblast growth factor

Results

Tissue of 78 patients with pancreatic ductal adenocar-
cinoma was available for analysis. Mean age was 65
(22–85) years, 34 patients (43.6%) were females and 44
(56.4%) males. The most frequent tumor differentia-
tion was (y)G2 in 53 (68.0%) patients. Most patients
(53, 68.0%) showed (y)pT3 stage, 63 (80.8%) patients
showed nodal involvement ((y)pN1), and 15 (19.2%)
patients had received neoadjuvant chemotherapy. Of
the 78 eligible cases, 40 (51.3%) and 45 (57.7%) cases
showed high expression of FGF8 and FGF18, respec-
tively (Fig. 1). Significant correlation was only ob-
served between high expression of FGF8 and the fac-
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Table 1 Association of the expression of FGF8 and
FGF18 with clinicopathologic parameters in pancreatic
ductal adenocarcinoma

Factor FGF8 FGF18

High Low p-value High Low p-value

n= 78 40 38 45 33

Age, mean (years) 66.2 63.4 >0.1a 64.8 64.9 >0.1a

Sex >0.1 >0.1

Male 21 23 17 27

Female 19 15 16 18

(y)pT >0.1 >0.1

1 3 3 2 4

2 15 10 12 13

3 20 24 18 26

4 2 1 1 2

(y)pN >0.1 >0.1

0 13 26 13 12

1 27 12 20 33

(y)G >0.1 >0.1

1 3 3 4 2

2 26 22 20 28

3 11 13 9 15

R 0.042 >0.1

0 30 28 22 11

1 10 10 36 9

M >0.1 >0.1

0 39 36 32 43

1 1 2 1 2

UICC staging >0.1 >0.1

I 8 5 7 6

II 29 30 24 35

III 2 1 1 2

IV 1 2 1 2

Neoadjuvant treat-
ment

>0.1 >0.1

No 31 7 25 39

Yes 7 33 8 6

Adjuvant treatment >0.1 >0.1

No 24 29 21 32

Yes 16 9 12 13

Jaundice >0.1 >0.1

No 12 14 13 13

Yes 28 24 20 32

CA 19-9 >0.1 >0.1

≤156kU/L 24 18 21 21

>156kU/L 16 20 12 24

Nicotine >0.1 >0.1

No 22 16 19 19

Yes 18 22 14 26

Pain >0.1 >0.1

No 20 25 16 29

Yes 20 13 17 16

Pancreatitis >0.1 >0.1

No 32 32 29 35

Yes 8 6 4 10

Table 1 (Continued)

Factor FGF8 FGF18

High Low p-value High Low p-value

n= 78 40 38 45 33

Diabetes >0.1 >0.1

No 28 24 21 31

Yes 12 14 12 14

Stent >0.1 >0.1

No 17 12 12 17

Yes 23 26 21 28

Surgical procedure >0.1 >0.1

PPPD 21 22 20 23

Whipple 15 9 8 16

Distal resection 1 2 2 1

Total pancreatec-
tomy

3 5 3 5

Localization >0.1 >0.1

Head 34 30 28 36

Corpus 2 4 2 4

Cauda 4 4 3 5

UICC Union for International Cancer Control, PPPD pylorus preserving partial
duodenopancreatectomy, FGF fibroblast growth factor, CA carbohydrate
antigen, R resection status
aUsing t-test

tor resection margin (p=0.042). Correlations between
the expression of FGF8 and FGF18 and clinicopatho-
logical parameters are compiled in Table 1. Among all
samples tested, high expression of FGF8 and FGF18
was found in 22 (28.2%) cases. Analysis of a potential
correlation of high FGF8 and FGF18 expression found
statistical significance (p=0.036).

Median survival time was 30 months (range
0–153 months) and disease recurrence occurred in
70 (88.9%) patients. Survival analysis using Ka-
plan–Meier curves for visualization found signifi-
cantly shorter OS rates for patients with high FGF8
expression (p= 0.04; Fig. 2). No significance could
be found for high FGF18 expression and OS (Fig. 2).
Three- and 5-year OS were 15 (16.7%) months and
2 (2.2%) months, respectively. Univariable Cox pro-
portion hazard regression analysis revealed that FGF8
(HR 0.62, 95% CI 0.38–0.99, p= 0.04), pain (HR 1.79,
95% CI 1.15–2.76, p=0.009), and surgical procedure
(HR 4.41, 95% CI 1.32–14.70, p= 0.02) were signifi-
cantly associated with OS (Table 2). In multivariable
analysis including patients’ age and gender, UICC
staging, tumor differentiation, resection margin, and
neoadjuvant and adjuvant treatment, FGF8 (HR 0.53,
95% CI 0.32–0.89, p= 0.016) expression remained the
only independent prognostic factor for OS (Table 3).
In a separate multivariable Cox regression model for
FGF18, using the same cofactors as for FGF8, no
statistical significance was observed for any of the
included factors (Table 4).
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Table 2 Univariate Cox regression analysis estimating
the influence of the expression of FGF8 and FGF18 and
clinicopathological parameters on overall survival and
disease-free survival in patients with ductal adenocarci-
noma of the pancreas

Overall survival

RR CI (95%) p-value

FGF8

High vs. low 0.62 0.38–0.99 0.04

FGF18

High vs. low 0.88 0.56–1.40 >0.1

Age 0.99 0.98–1.02 >0.1

Sex

Male vs. female 0.88 0.58–1.35 >0.1

T staging

1 vs. 3 0.51 0.14–1.86 >0.1

2 vs. 3 0.59 0.20–1.72 >0.1

4 vs. 3 0.57 0.20–1.59 >0.1

N staging

1 vs. 0 1.01 0.64–1.60 >0.1

Grading

1 vs. 2 1.57 0.74–3.35 >0.1

3 vs. 2 1.26 0.80–2.00 >0.1

R

1 vs. 0 1.11 0.90–1.80 >0.1

M staging

1 vs. 0 0.28 0.07–1.17 0.08

UICC stage

I vs. II 1.41 0.80–2.47 >0.1

III vs. II 1.79 0.64–4.96 >0.1

IV vs. II 0.3 0.07–1.24 0.09

Yes vs. no 1.61 0.92–2.82 0.09

Adjuvant treatment

Yes vs. no 1.02 0.66–1.59 >0.1

Jaundice

Yes vs. no 0.97 0.63–1.50 >0.1

CA 19-9

≥114 vs. <114kU/L 0.86 0.56–1.32 >0.1

Nicotine

Yes vs. no 1.25 0.82–1.89 >0.1

Pain

Yes vs. no 1.79 1.15–2.76 0.01

Pancreatitis

Yes vs. no 1.21 0.70–2.10 >0.1

Diabetes

Yes vs. no 1.16 0.74–1.83 >0.1

Stent

Yes vs. no 1.16 0.75–1.79 >0.1

Surgical procedure PPPD (reference)

Whipple 1.52 0.66–2.47 0.09

Distal resection 4.41 1.32–1.95 0.02

Total pancreatectomy 1.03 0.54–1.95 >0.1

Table 2 (Continued)

Overall survival

RR CI (95%) p-value

Localization

Corpus vs. head 1.51 0.68–3.33 >0.1

Cauda vs. head 0.91 0.48–1.71 >0.1

UICC Union for International Cancer Control, CI confidence interval, RR rel-
ative risk, PPPD pylorus-preserving pancreaticoduodenectomy, FGF fibro-
blast growth factor, CA carbohydrate antigen, R resection status

Table 3 Multivariate Cox regression analysis estimating
the influence of FGF8 expression and clinicopathological
parameters on overall survival in patients with ductal ade-
nocarcinoma of the pancreas

Overall survival

RR CI (95%) p-value

FGF8

High vs. low 0.53 0.32–0.89 0.02

Age 0.99 0.97–1.02 >0.1

Sex

Male vs. female 0.87 0.53–1.45 >0.1

UICC stage

I + II vs. III + IV 1.47 0.85–2.56 >0.1

Grading

1 vs. 2 1.66 0.65–4.23 >0.1

3 vs. 2 1.45 0.86–2.42 >0.1

R

1 vs. 0 1.06 0.61–1.83 >0.1

Yes vs. no 1.76 0.93–3.36 >0.1

Adjuvant treatment

Yes vs. no 0.87 0.51–1.51 >0.1

UICC Union for International Cancer Control, CI confidence interval, RR rela-
tive risk, FGF fibroblast growth factor, R resection status

Discussion

Pancreatic ductal adenocarcinoma is one of the lead-
ing causes of cancer-related deaths worldwide. The
majority of patients suffering from PDAC are diag-
nosed with advanced or metastatic disease and only
15 to 20% of patients are suitable to receive primary
resection [5]. Even though the combination of surgery
and multimodal therapies has resulted in improve-
ments in the treatment of patients with PDAC over
recent decades, survival rates remain poor. Therefore,
better understanding of the pathogenesis of PDAC is
urgently needed to develop new diagnostic and im-
proved treatment approaches.

The family of FGFs consists of seven subfamilies,
categorized by their way of secretion, sequence sim-
ilarities, and functional properties [43]. Physiologi-
cally, FGFs are involved in cell proliferation and an-
giogenesis. The canonical FGF8 subfamily consists
of FGF8, FGF17, and FGF18, which bind and activate
FGFRs with heparin/heparin sulfate as a cofactor [44].
The FGF8 gene is encoded on chromosome 10q24.32
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Table 4 Multivariate Cox regression analysis estimating
the influence of FGF18 expression and clinicopathological
parameters on overall survival in patients with ductal ade-
nocarcinoma of the pancreas

Overall survival

RR CI (95%) p-value

FGF18

High vs. low 0.75 0.44–1.25 >0.1

Age 0.99 0.98–1.02 >0.1

Sex

Male vs. female 0.99 0.60–1.63 >0.1

UICC stage

I + II vs. III + IV 1.52 0.86–2.69 >0.1

Grading

1 vs. 2 1.80 0.71–4.56 >0.1

3 vs. 2 1.28 0.76–2.17 >0.1

R

1 vs. 0 1.17 0.66–2.07 >0.1

Yes vs. no 1.82 0.94–3.53 0.08

Adjuvant treatment

Yes vs. no 1.09 0.64–1.87 >0.1

UICC Union for International Cancer Control, CI confidence interval, RR rela-
tive risk, FGF fibroblast growth factor, R resection status

and participates in embryonic development, medi-
ating the epithelial to mesenchymal and mesenchy-
mal to epithelial transitions. Furthermore, FGF8 is in-
volved in craniopharyngeal and cardiovascular devel-
opment. The FGF18 gene is encoded on chromosome
5q35.1 and like FGF8 it is involved in embryonic devel-
opment andmorphogenesis of blood vessels. Further-
more, it acts as a pleiotropic growth factor for upper
gastrointestinal organs. Alterations of FGF signaling
might be followed by FGFR gene amplification and
fusion, mutation, or by FGF and/or FGFR overexpres-
sion. Due to these characteristics, overexpression of
FGFs can promote carcinogenesis and distant metas-
tasis, and therefore have a fundamental role in cancer
[21]. In a number of malignancies, including gas-
tric cancer, gastroesophageal adenocarcinoma, and
PDAC, the prognostic role of aberrant FGF expression
was investigated [30, 35, 36, 38, 39]. However, to date,
only few data on the expression of FGF8 and FGF18 in
PDAC are available [23]. Even though promising data
on the preclinical use of anti-FGF therapies (ligand
traps) exist, hardly any data exist on the blockage of
FGF8 and FGF18 [13, 45, 46].

Due to the introduction and routine use of chemo-
therapeutic drugs, such as gemcitabine, nab-pacli-
taxel, oxaliplatin, irinotecan, leucovorin, and fluo-
rouracil, in both the neoadjuvant and adjuvant set-
tings, improved patient survival rates could be seen
over the past few decades. Over the past decade,
gemcitabine-treated and modified FOLFIRINOX (ox-
aliplatin, irinotecan, leucovorin, and fluorouracil)-
treated patients showed satisfying improvements in
survival rates. Therefore, these two chemotherapy

regimens were established as standard for patients
with PDAC [47]. However, patients still suffer from
severe side effects and frustrating outcomes related to
poor therapeutic results, often based on the develop-
ment of chemical resistance. Particularly the devel-
opment of resistance to chemotherapy has emerged
as one of the biggest challenges in PDAC therapy.
Causing disease recurrence in the majority of patients
with PDAC, the investigation of the molecular mech-
anisms by which PDAC cells develop resistance to
chemotherapeutic agents became the aim of a num-
ber of studies. Multiple mechanisms and factors play
an important role in the development of chemical
resistance; however, the development of new and
durable treatment options still lags behind [10]. So
far, research on molecularly targeted therapies for
PDAC have focused on EGFR, VEGF, and RAS path-
ways, using agents such as erlotinib, cetuximab, and
panitumumab. However, no clear benefit in terms
of patients’ overall or disease-free survival could be
achieved to date [20, 48, 49].

To the best of our knowledge, this is the first study
investigating the prognostic role of FGF8 and FGF18 in
PDAC using IHC on tumor tissue. Based on our find-
ings that high expression of FGF8 is independently
associated with diminished overall survival, one can
hypothesize that FGF8 represents a promising target
for further investigations in anti-PDAC therapy, espe-
cially to overcome the nascent problem of chemore-
sistance.
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