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Abstract Although lung cancer continues to be the leading
cause of cancer-related death, accurate diagnosis followed by
personalized treatment is expected to raise the 5-year survival
rate. Targeted therapies are now in routine clinical use, in
particular for lung adenocarcinoma (ADC). Fibroblast growth
factor receptor 1 (FGFR1) has recently emerged as a molecu-
lar target, especially in squamous cell/epidermoid carcinoma
(SQC) of the lung. This paper evaluates FGFR1 expression
and gene copy number in adenocarcinomas, squamous cell
carcinomas, pleomorphic carcinomas (PLEOMC) and
adenosquamous carcinomas (ADSQC) of the lung and also
explores the epithelial-mesenchymal transition (EMT) path-
way. We studied 76 lung carcinomas: 34 ADC, 24 SQC, 10

PLEOMC and 8 ADSQC. FGFR1 expression was evaluated
by immunohistochemistry and gene amplification by fluores-
cence in situ hybridization (FISH). Higher FGFR1 protein
expression was observed in all tumour types compared to
non-tumour tissue. FGFR1 expression was higher in ADC
and PLEOMC than in SQC. We found a tendency to higher
expression in ADC than in SQC and significantly higher ex-
pression in PLEOMC than in other histological subtypes.
FISH-based amplification of FGFR1 was identified in 15
(20 %) lung carcinomas: 5 (15 %) ADC, 5 (21 %) SQC, 3
(30 %) PLEOMC and 2 (25 %) ADSQC. Amplification was
more frequent in SQC without significant differences. FGFR1
protein is expressed in the majority of lung carcinomas,
though it is higher in ADC and PLEOMC (the latter may
reflect the importance of FGFR1 control of the EMT path-
way). FGFR1 amplification was identified in all types of lung
carcinoma. Although FGFR1 is most frequently amplified in
SQC, other histological types merit assessment of FGFR1
amplification, in order to select patients that might benefit
from targeted therapy.
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Introduction

Although lung cancer continues to be the leading cause of
cancer-related death, accurate diagnosis followed by person-
alized treatment is expected to raise the 5-year survival rate,
following recent advances in molecular targeted therapy [1–
5]. Predictive and targetable oncogenic mutations have mainly
been found in adenocarcinomas (ADC) and in tumours of
never smokers. Recently, several promising genomic alter-
ations associated with biological pathways have been
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identified in squamous cell/epidermoid carcinoma (SQC) of
the lung, including PIK3CA/AKT1, PTEN and fibroblast
growth factor receptor 1 (FGFR1) alterations [6].

FGFRs belong to the super family of receptor tyrosine ki-
nases and are encoded by four genes located on chromosomes
8p11.23-p11.22 (FGFR1), 10q26 (FGFR2), 4p16.3 (FGFR3)
and 5q35.2 (FGFR4). They are related to a large family of
molecules involved in physiological processes, dysregulation
of which may lead to cancer development [7–9]. FGFR1 is a
transmembrane tyrosine kinase receptor which promotes cell
growth, differentiation and survival by downstream activation
of PI3K-AKT, RAS-MEK-MAPK, STAT, Src and PLC sig-
nalling pathways [7, 10]. FGFR1 promotes epithelial-
mesenchymal transition (EMT) and tissue remodelling by ac-
tivating these pathways, and upregulation of its expression
leads to cell transformation and carcinogenesis [11–15].

FGFR1 is an oncogene that can potentially be targeted by
tyrosine kinase inhibitors. It has become the target for thera-
pies now in routine clinical use for lung adenocarcinomas.
Recently, comprehensive genomic characterization of SQC
has been undertaken to search for potentially targetable muta-
tions [16]. Our study aimed to evaluate FGFR1 expression
and gene copy number in ADC, SQC, pleomorphic
(PLEOMC) and adenosquamous (ADSQC) carcinomas. We
also explored the EMT pathway by studying PLEOMC and
vimentin (vim) expression on ADC. ADC were also studied
according to TTF1 expression, and SQC according to CK7
expression. The purpose was to identify molecular character-
istics of these lung tumour subtypes in order to characterize
their potential suitability for targeted therapy.

Material and methods

Material

Tumour samples were selected from surgical resection speci-
mens of 76 lung carcinomas (34 adenocarcinomas, 24 squa-
mous cell carcinomas, 10 pleomorphic carcinomas and 8
adenosquamous carcinomas). Only samples with more than
75 % of tumour cells were included in this study.

Clinical and pathological characteristics are summarized in
Table 1. Median age at diagnosis was 65 years (range
40–87 years); 56 patients were male and 20 were female.
Patients included 23 non-smokers, 29 ex-smokers and
24 current smokers. Male gender and smokers were
more prevalent in SQC. Male predominance was also
found for ADC but with more non-smokers and ex-
smokers. A predominance of male smokers was noted
for PLEOMC and ADSQC. Stages I and II were more
prevalent. Metastases were more frequently diagnosed in
lymph nodes.

ADC were classified according to 2015 WHO criteria
(main patterns and all present other patterns in the order of
their quantitative presence). ADC were subclassified based
upon patterns of immunohistochemical marker expression as
follows: (1) CK7+/TTF1+/vim+ (14 cases); (2) CK7+/
TTF1+/vim− (9 cases); (3) CK7+/TTF1−/vim− (6 cases);
and (4) CK7+/TTF−/vim+ (5 cases). ADC were considered
as vim positive when the expression was diffusely present in
the tumour even though expression was frequently heteroge-
neous. SQC (24) were subclassified according to CK7 expres-
sion: (1) CK7− (17 cases) and (2) CK7+ (7 cases), while all
expressed CK5.6. PLEOMC (10) and ADSQC (8) were diag-
nosed according to the 2015 WHO criteria, and carcinomas
with fewer than 10 % fusiform or giant cells were not consid-
ered as PLEOMC [17]. PLEOMC showed an adenocarcinoma
component in 8 cases and a squamous cell carcinoma compo-
nent in 2 cases.

Methods

At least two sections of each tumour were independently eval-
uated by two pathologists. In order to establish tumour sub-
groups, immunohistochemical staining for the differentiation
markers CK7, TTF1, CK5.6 and vim was performed accord-
ing to existing protocols (see Table 2). For assessment of
FGFR1 protein expression, immunohistochemistry was ap-
plied. Endogenous peroxidase activity was quenched by incu-
bation in 3 % diluted hydrogen peroxide (15 min). Non-
specific binding of primary antibodies was blocked with
Ultra V Block (Ultra Vision Kit, TP-125-UB, Lab Vision
Corporation, Fremont, CA, USA). A primary antibody against
FGFR1 (Polyclonal, Thermo Scientific; dilution 1:75) was
applied to the sections, and incubation was 30 min at room
temperature. Sections were then washed with phosphate-
buffered saline (PBS) (Ultra Vision, TP-125-PB, Lab Vision
Corporation, Fremont, CA, USA) and subsequently incubated
(15 min) with biotin-labelled secondary antibody (Ultra
Vision Kit, TP-125-BN, Lab Vision Corporation, Fremont,
CA, USA). Primary antibody binding was visualized using
peroxidase-conjugated streptavidin (Ultra Vision Kit, TP-
125-HR, Lab Vision Corporation, Fremont, CA, USA) with
3′,3-diaminobenzidine tetrahydrochloride (DAB) (RE7190-
K, Novocastra Laboratories Ltd., Newcastle, UK) as chromo-
gen, according to the manufacturer ’s instructions.
Haematoxylin was used to counterstain the slides, which were
then dehydrated and mounted. In parallel, known positive
(squamous cell carcinoma with keratin pearls) and negative
controls were used.

Evaluation of immunohistochemistry results was per-
formed by two experienced lung pathologists. The in-
tensity of expression was scored in four grades: 0, 1+,
2+ and 3+. The percentage of positive cells was also
scored, and a global score was obtained by multiplying
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intensity by percentage of positive cells. External posi-
tive controls (1+, 2+ and 3+) were used.

Fluorescence in situ hybridization (FISH) was carried out on
tissue sections using a FGFR1 (8p11)/SE 8 (D8Z1) probe
(Kreatech, Leica Biosystems). Sections were deparaffinized in
xylene (15 min), dehydrated in ethanol (2× for 5 min) and heat-
ed in citrate buffer in a pressure cooker for 4 min. They were
then washed in 2× sodium citrate (2× SSC) for 5 min, digested
in proteinase K (10 min at 37 °C), washed in 2× SSC (5 min),
dehydrated in increasing concentrations of ethanol (70, 90 and
100 %) and air-dried. To the slides, 10 μl of probe solution was

added and a coverslip was applied, sealed with rubber cement.
Slides were denatured at 78 °C (8 min) and hybridized at 37 °C
for at least 16 h in a humidified chamber. Post-hybridization
washing was in 50 % formamide and PBS at 46 °C (4 min)
and 2× SSC (2min), and counterstaining with 4′,6-diamidino-2-
phenylindole (DAPI), and finally sections were air-dried.

In each section, 100 tumour cells were analysed using a
×100 oil immersion objective on a Nikon 80i fluorescence
microscope with appropriate filters. FGFR1 FISH results were
classified as high-level amplification when the FGFR1/CEN8
ratio was ≥2.0, with the average number of FGFR1 signals per

Table 1 Clinicopathologic characteristics distribution according to lung carcinomas histological subtype—WHO 2015

Characteristics All patients no./% Squamous carc. Adenocarcinoma Adenosquamous Pleomorphic

Number patients 76 24 (31.6 %) 34 (44.7 %) 8 (10.6 %) 10 (13.1 %)

Age (years)

Median 65 64 63 67 72

Range 40–87 40–87 47–82 53–81 56–82

Sex

Male 56 (73.7 %) 22 (91.7 %) 22 (64.7 %) 5 (62.5 %) 7 (70 %)

Female 20 (26.3 %) 2 (8.3 %) 12 (35.3 %) 3 (37.5 %) 3 (30 %)

Smoking history

Non-smoker 23 (30.3 %) 3 (12.5 %) 14 (41.2 %) 2 (25 %) 4 (40 %)

Ex-smoker 29 (38.1 %) 8 (33.4 %) 11 (32.3 %) 6 (75 %) 4 (40 %)

Smoker 24 (31.6 %) 13 (54.1 %) 9 (26.5 %) 0 (0 %) 2 (20 %)

pT stage

T1 22 (28.9 %) 8 (33.3 %) 9 (26.5 %) 4 (50 %) 1 (10 %)

T2 43 (56.6 %) 12 (50 %) 20 (58.8 %) 4 (50 %) 7 (70 %)

T3 6 (7.9 %) 3 (12.5 %) 1 (2.9 %) 0 (0 %) 2 (20 %)

T4 1 (1.3 %) 1 (4.1 %) 0 (0 %) 0(0 %) 0 (0 %)

pTNM stage

IA 20 (26.3 %) 7 (29.2 %) 8 (23.5 %) 4 (50 %) 1 (10 %)

IB 18 (23.7 %) 4 (16.7 %) 8 (23.5 %) 2 (25 %) 4 (40 %)

IIA 13 (17.1 %) 7 (29.2 %) 3 (8.8 %) 1 (12.5 %) 2 (20 %)

IIB 5 (6.6 %) 1 (4.1 %) 3 (8.8 %) 0 (0 %) 1 (10 %)

IIIA 11 (14.5 %) 2 (8.3 %) 7 (20.6 %) 0 (0 %) 2 (20 %)

IV 1 (1.3 %) 0 (0 %) 0 (0 %) 1 (12.5 %) 0 (0 %)

Metastasis

Lymph node 27 (35.5 %) 11 (45.8 %) 13 (38.2 %) 0 (0 %) 3 (30 %)

Distant 3 (3.9 %) 0 (0 %) 1 (2.9 %) 1 (12.5 %) 1 (10 %)

Table 2 Immunohistochemistry method and antibodies applied

Primary antibody Manufacturer Clone Method Positive control Antigen retrieval Dilution and incubation time Staining pattern

CK7 DAKO OV-TL12/
30

LSAB Lung Pronase E (10′, RT) 1:50, 30′ Cytoplasmatic

TTF1 DAKO 8G7G3/1 LSAB Small-cell carcinoma EDTA (Mw,40′) 1:100, 60’ Nuclear

CK (5/6/18) Novocastra LP34 LSAB Skin Pronase E (10′, RT) 1:100, 60’ Cytoplasmatic

Vimentin DAKO Vim3B4 LSAB Colon Citrate (Mw,20′) 1:200, 30’ Cytoplasmatic

LSAB labelled streptavidin biotin method, Mw microwave
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tumour cell nucleus ≥6 and the percentage of tumour cells
containing ≥15 FGFR1 signals or large clusters ≥10 %, or as
low-level amplification according to criteria published earlier
[18–20]. Two technicians and a pathologist independently
scored the results.

Statistical analysis was performed using SPSS statistics
22.0 software for Windows (SPSS, Chicago, USA).
Correlations between clinicopathological and histological pa-
rameters and FGFR1 status were analysed using χ2 and
Fisher’s exact test. Comparison of FGFR1 protein expression
levels between lung carcinomas and non-tumour tissue was
done by ANOVA test (when comparing global expression

(intensity × % of positive cells)) and by χ2 and Fisher’s exact
test (when comparing groups according expression intensity
(3+, 2+, 1+, 0)). Correlations of FGFR1 expression/
amplification levels among the histological types were
assessed using linear (Pearson) correlation. p values <0.05
were considered statistically significant.

Results

Figure 1 illustrates the different histological types based upon
HE staining, as well as subtypes according to expression pat-
terns of TTF1, vim and CK7. In non-tumour tissue, FGFR1

Fig. 1 HE-stained tumour samples classified according to histological
and subclassified according to immunohistochemical features, namely,
expression of TTF1, vim and CK7. a Adenocarcinoma (ADC) vim+/
TTF1−, acinar pattern; HE, ×200. b ADC vim−/TTF1−, papillary and
micropapillary patterns; HE, ×200. c ADC vim+/TTF1+, micropapillary
pattern; HE, ×400. dADC vim−/TTF1+, solid pattern; HE, ×100. eADC

vim−/TTF1+, cribriform pattern; HE, ×100. f ADC vim−/TTF1−, solid
with clear cells; HE, ×200. g ADC vim−/TTF1−, mucinous pattern; HE,
×100. h squamous cell carcinoma (SQC), CK7+; HE, ×100. i SQC, CK7
−; HE, ×200. j adenosquamous carcinoma; HE, ×100. k Pleomorphic
carcinoma (PLEOMC) with giant cells; HE, ×200. l PLEOMC with fu-
siform cells; HE, ×200
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expression was seen in respiratory epithelium; pneumocytes
and stromal cells showed no or rare expression (Fig. 2). We
found significantly higher FGFR1 protein expression in all
tumour groups than in non-tumour tissue (Table 3).
Significantly higher expression was seen in ADC compared
to SQC (p = 0.0232). Significantly higher expression was also
observed in PLEOMC compared to SQC (p = 0.0265). No
significant differences in expression were found between
ADC and ADSQC (p = 0.158), ADC and PLEOMC
(p = 0.3190), SQC and ADSQC (p = 0.9651) or ADSQC
and PLEOMC (p = 0.1189) (Table 3). We found no differ-
ences between FGFR1 expression in SQC with or without
CK7 expression (p = 0.2502), ADC with or without TTF1

expression (p = 0.123) or with or without vim expression
(p = 0.301) (Table 3).

When immunohistochemical results were stratified accord-
ing to expression level 1+ or 2+/3+, a trend was found for
higher expression in ADC than in SQC (p = 0.061) and sig-
nificantly higher expression in PLEOMC than in ADC
(p = 0.0212), SQC (p = 0.0004) and ADSQC (p = 0.0015).
No differences were observed between the remaining features
(Table 4).

FGFR1 amplification by FISH (Fig. 3) was found in 15
cases (20 %). The proportion of FGFR1-amplified cases was
not significantly different between tumour types: 5 (15 %)
ADC, 5 (21 %) SQC, 3 (30 %) PLEOMC and 2 (25 %)

Fig. 2 FGFR1 immunohistochemical expression in lung carcinomas
according to histological type and subclassified according to CK7,
TTF1 and vim expressions. a Normal respiratory epithelium; FGFR1,
×100. b Adenocarcinoma (ADC) vim−/TTF1+; FGFR1 1+, ×200. c
ADC vim+/TTF1−; FGFR1 2+, ×200. d ADC TTF1+/vim+; FGFR1

3+, ×200. e Squamous cell carcinoma (SQC) CK7−; FGFR1 1+, ×400.
f SQC CK7−; FGFR1 2+, ×400. g SQCCK7−; FGFR1 3+, ×200. h SQC
CK7+; FGFR1 3+, ×400. i Pleomorphic carcinoma (PLEOMC); FGFR1
3+, ×400. j PLEOMC; FGFR1 3+, ×200. k Adenosquamous carcinoma
(ADSQC); FGFR1−, ×200. l ADSQC; FGFR1 3+, ×200
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ADSQC (Table 5). Low-level FGFR1 amplification was
found in 8 cases (3 ADC, 3 SQC, 1 PLEOMC and 1
ADSQC), and high-level FGFR1 amplification in 7 cases (2
ADC, 2 SQC, 2 PLEOMC and 1 ADSQC). The difference in
FISH-positive amplified FGFR1 cases between SQC and
ADC was not significant. Of 8 ADSQC, 2 were FGFR1
FISH positive (25 %) and of 10 PLEOMC, 3 (30 %) (Table
5). Although SQC was more often positive than ADC, the
difference was not significant (Table 5). There were no
significant differences in FGFR1 FISH results according to
gender or smoking status, neither for ADC nor for SQC,
while a tendency was noted for a higher frequency of
FGFR1 amplification in ADC of smokers. No correlations
were found between FGFR1 immunohistochemical
expression and FISH results (Spearman rank correlation

p = 0.3323 and linear correlation p = 0.681). All cases of
PLEOMC showed 3+ diffuse FGFR1 protein expression,
regardless of the epithelial component present. FGFR1 was
amplified by FISH in 3 (30 %) cases: 2 with a SQC and one
with an ADC component. In ADSQC, no differences between
the squamous and adenocarcinoma components were found
neither for FGFR1 protein expression nor for FGFR1 FISH
results.

Discussion

Gene changes involved in the development of cancer tend to
effect three main types of genes: proto-oncogenes, tumour
suppressor genes and DNA repair genes. These genes are
called drivers of cancer [3–5]. The identification of mutations
critical for tumour growth is crucial, as they can be targeted
with improvement in survival. Driver events in lung cancer
have been identified in ADC in patients who never smoked
[3–5]. In SQC, primarily a smoker’s disease, targetable gene
changes which would allow more effective targeted therapies
have not (yet) been identified [6, 21]. FGFR1 and FGF have
recently emerged as driving oncogenes, sufficient to drive
tumour growth [22]. Alterations of the FGFR gene have been
recognized in gastric, breast, oral squamous cell, ovarian and
bladder carcinomas and in SQC of the lung [6, 23, 24].
Several reports have shown that FGFR1-mediated signalling
pathways play an essential role in lung carcinogenesis, some
suggesting that the activation of the FGF pathway is an early
event [6, 21, 25–31]. FGFR1 amplification is associated with
a response to FGFR inhibitors and different FGFR1 inhibitors
are currently under study [6, 27, 30, 32–37]. Therefore, as-
sessment ofFGFR1 gene status is likely to gain in importance.

Table 3 FGFR1 protein
expression (global expression—
intensity of expression ×
percentage of positive cells)
between bronchial-pulmonary
carcinomas and non-tumoural
tissue

Statistics/differences p value Results

ADC/non-tumour tissue p < 0.0001 Higher expression in ADC

SQC/non-tumour tissue p < 0.0001 Higher expression in SQC

ADSQC/non-tumour tissue p = 0.0078 Higher expression in ADSQC

PLEOMC/non-tumour tissue p = 0.002 Higher expression in PLEOMC

ADC/SQC p = 0.0232 Higher in ADC

ADC/ADSQC p = 0.158 ns

ADC/PLEOMC p = 0.3190 ns

SQC/ADSQC p = 0.9651 ns

SQC/PLEOMC p = 0.0265 Higher in PLEOMC

ADSQC/PLEOMC p = 0.1189 ns

ADC TTF1+/ADC TTF1− p = 0.123 ns

ADC VIM+/ADC VIM− p = 0.301 ns

SQC CK7−/SQC CK7+ p = 0.2502 ns

ANOVA results

ADC adenocarcinoma, SQC squamous cell carcinoma, ADSQC adenosquamous cell carcinoma, PLEOMC pleo-
morphic carcinoma, ns non-significant

Table 4 Differences of FGFR1 protein expression between bronchial-
pulmonary carcinomas, according to intensity of expression (1+ and 2+/
3+ cases)

Statistics/differences p value Results

ADC/SQC p = 0.061 ns

ADC/ADSQC p = 0.1122 ns

ADC/PLEOMC p = 0.0212 Significantly higher in PLEOMC

SQC/ADSQC p = 1 ns

SQC/PLEOMC p = 0.0004 Significantly higher in PLEOMC

ADSQC/PLEOMC p = 0.0015 Significantly higher in PLEOMC

ADC TTF1+/TTF1− p = 0.4653 ns

ADC VIM−/VIM+ p = 1 ns

SQC CK7−/CK7+ p = 0.167 ns

ADC adenocarcinoma, SQC squamous cell carcinoma, ADSQC
adenosquamous cell carcinoma, PLEOMC pleomorphic carcinoma,
ns non-significant
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We found higher FGFR1 protein expression in tumour tis-
sue compared to non-tumour adjacent parenchyma/bronchial
epithelium, which suggests that the FGFR1 pathway might be
implicated in lung carcinogenesis and tumour growth, even in
the absence of FGFR1 gene copy number increase. Other
authors have also found higher protein expression in lung
carcinoma compared to non-tumour tissue [26]. Our results
suggest that FGFR1 protein overexpression is frequent in lung
carcinomas, with stronger expression in ADC and PLEOMC
than in SQC. Stronger immunohistochemical expression in
PLEOMC than in SQC suggests that overexpression is impor-
tant in this group of tumours. As some authors have found
FGFR1-targeting therapy efficacy in strongly stained (3+)
cases, we also stratified our results according to this
end-point [38]. We observed strong immunohistochemical ex-
pression more frequently in ADC than in SQC and in
PLEOMC more frequently than in any other type of carcino-
ma. No differences were found between ADC and ADSQC,
which might reflect the compound morphology and FGFR1
involvement in the carcinogenesis of both.

Some SQC also expressed CK7, representing a group of
less differentiated tumours with some features overlapping
with ADC but without significant differences in terms of
FGFR1 expression and gene copy number, compared to
CK7-negative SQC. We found no significant differences be-
tween ADC in relation to expression of TTF1 (TTF1-positive
vs. TTF1-negative cases). This suggests that TTF1 expression
probably has no effect on FGFR1 pathway activation and

rather reflects tumour histogenesis. We intended to explore
the EMT pathway on PLEOMC and on ADC by studying
vim expression. EMT is associated with tumour progression,
histological grade, metastatic propensity and probably also
drug resistance, including to tyrosine kinase inhibitors
(TKIs) [39–42]. EMT in epithelial tumours is characterized
by fusiform cells; expression of vim, fibronectin and N-
cadherin; and reduced expression of epithelial markers such
as E-cadherin. We found 3 (30 %) PLEOMC (tumours with
EMT characteristics) and 4 (12 %) vim-positive ADC (tu-
mours with biological EMT behaviour not yet clarified) but
only 1 (3 %) vim-negative ADC (tumours without EMT acti-
vation) to be FGFR1 FISH positive. More studies on a larger
number of samples need to be done in order to clarify potential
interactions between EMTand FGFR1 that might have impli-
cations for therapy choice, as EMT is associated with drug
resistance and poor survival [39, 40, 42].

We found a rate of FGFR1 amplification in SQC similar to
that in the literature and a higher rate for ADC. Previously
published results are summarized in a supplementary table
[6,18,43-49]. We also found FGFR1 amplification in ADC
and PLEOMC, not different from the findings in other histo-
logical subtypes. Our results show that FGFR1 protein expres-
sion and gene copy number gain are frequent events in
PLEOMC, regardless of the type of epithelial component
(squamous or adenocarcinoma). Overexpression in
PLEOMC may reflect implication of FGFR1 in EMT path-
ways as they are a perfect example of a tumour characterized

Fig. 3 FGFR1 amplification by FISH in lung carcinomas. a High
FGFR1 amplification, FGFR1 (red)/CEP 8 (green), pleomorphic
carcinoma; ×1000. b High FGFR1 amplification, FGFR1 (red)/CEP 8

(green), adenosquamous carcinoma; ×1000. c FGFR1 FISH negative,
disomy, squamous cell carcinoma; ×1000

Table 5 FISH FGFR1 results

Characteristic All patients SQC ADC ADSQC PLEOMC p value
No. (%)

Number of cases 76 (100 %) 24 (31.6 %) 34 (44.7 %) 8 (10.6 %) 10 (13.1 %)

FISH results

Negative 61 (80.3 %) 19 (79.2 %) 29 (85.3 %) 6 (75 %) 7 (70 %)

Positive 15 (19.7 %) 5 (20.8 %) 5 (14.7 %) 2 (25 %) 3 (30 %) ns

Fisher’s exact test

ADC adenocarcinoma, SQC squamous cell carcinoma, ADSQC adenosquamous cell carcinoma, PLEOMC pleomorphic carcinoma, ns non-significant
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by EMT. We favour assessment of FGFR1 amplification and
protein expression in PLEOMC and ADSQC in order to select
patients for targeted therapy. As some authors identified
FGFR1 amplification in small-cell carcinomas, these should
also be included in FGFR1 amplification screening protocols
[20], and the same holds true for large-cell carcinomas,
ADSQC and PLEOMC [26, 43, 48].

We found a trend towards more frequent FGFR1 am-
plification in ADC in smoking patients. This result is
controversial since others found no correlations with
clinical parameters [45, 48], while other authors reported as-
sociations between FGFR1 amplification and male gender
and smoker status [38].

We found no correlations between FGFR1 amplification
and FGFR1 protein expression, in agreement with an earlier
report [47]. This implies that overexpression may not reflect
amplification. Other mechanisms might be involved such as
slower protein degradation or higher translation. A practical
problem in our series might be the small number of cases. For
EGFR, activating mutations have positive predictive value for
TKI response [50]. However, for HER2 in breast carcinoma,
protein expression and gene copy number have predictive
value [51–53].

Recently, several studies have shown that FGFR1 gene
copy number is a valid predictive biomarker for response to
FGFR1-targeting TKIs [6, 21, 32, 38, 44, 54]. Some reports
mention absence of response to FGFR1 TKIs in patients with
FGFR1 amplification. This might be related to concomitant
gene abnormalities like PI3KCA mutation or amplification
[55]. Ultimately, an optimal testing algorithm for patient treat-
ment may need to include targets other than FGFR1.

Recently, new scientific data intensified the discussion on
the use of FGFR1 messenger RNA (mRNA) and/or protein
expression as biomarkers for TKI response. Wynes et al. pub-
lished data in support of the importance of FGFR1 protein and
mRNA expression. They showed that FGFR1 mRNA and
protein are frequently expressed in lung cancer and lung can-
cer cell lines, independent of FGFR1 gene copy number. Both
predicted ponatinib response in lung cancer cell lines more
accurately than gene copy number, which calls for clinical
testing of this approach [56]. A clinical trial assessing re-
sponse to ponatinib according to FGFR1 mRNA expression
and FGFR1 gene copy number or both is under way [56].
Some authors identified a response in tumours with an
FGFR1 amplification and strong expression of FGFR1 (3+)
[38]. These findings question selection criteria for FGFR1
TKI therapy, and resolving this issue will have clear benefits
in patient management and improve our understanding.

Our study has some limitations, such as sample size (76
patients: 34 adenocarcinomas, 24 squamous cell carcinomas,
10 pleomorphic carcinomas, and 8 adenosquamous carcino-
mas) which might not be sufficient to detect small differences
in FGFR1 expression levels between different groups. We

cannot exclude effects of other parameters (i.e. age, life habits,
diet type, etc.) as confounding factors. A study with a large
number of patients will be necessary to confirm our findings.
However, our results provide preliminary evidence that
FGFR1 expression might have an important role in therapy
decision-making in different types of pulmonary carcinoma
and needs to be further studied in this multifactorial disease.

In conclusion, we found that FGFR1 protein is expressed in
most lung carcinomas, more strongly in ADC and PLEOMC
than in SQC. FGFR1 amplification was found (in order of
frequency) in PLEOMC, ADC, SQC and ADSQC. We pro-
pose that FGFR1 assessment, using both IHC and FISH,
should be carried out in lung carcinoma patients to select the
best therapy option. Although FGFR1 amplification was ob-
served more frequently in SQC, the other histological types
should also be investigated for FGFR1 amplification, in order
to select patients that will benefit from targeted therapy.
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