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High expression of FGFR3 predicts a better prognosis for patients
with non-small cell lung cancer in a Chinese population
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Background: This study sought to examine the expression and mutation status of fibroblast growth factor
receptor 3 (FGFR3) in non-small cell lung cancer (NSCLC) tissues and explore the prognostic potential of
FGFR3 in NSCLC.

Methods: Immunohistochemistry (IHC) was used to evaluate the FGFR3 protein expression of 116 NSCLC
tissues. Sanger sequencing was used to examine the mutation status of exons 7, 10, and 15 in FGFR3. A
Kaplan-Meier survival analysis was conducted to evaluate the association between the expression level of
FGFR3 and the overall survival (OS) and disease-free survival (DFS) of NSCLC patients. Univariate and
multivariate Cox analyses were conducted to examine the association between the risk score and clinical
features.

Results: FGFR3 was immunoreactive in 26 of the 86 NSCLC cases. Further, FGFR3 was positively
expressed in 84.6% of the lung adenocarcinoma (AC) cases and 15.4% of the lung squamous cell carcinoma
(SCC) cases. FGFR3 mutations were detected in 2 NSCLC patients (2/72, 2.8%), who both harbored
the T450M mutation, a novel mutation in exon 10 of FGFR3. In NSCLC, a high expression of FGFR3
was positively correlated with gender, smoking, histology type, T stage, and the epidermal growth factor
receptor (EGFR) mutation (P<0.05). FGFR3 expression was also correlated with better OS and DFS. The
multivariate analysis revealed that FGFR3 served as an independent prognostic factor (P=0.024) for the OS
of NSCLC patients.

Conclusions: This study showed that FGFR3 was highly expressed in NSCLC tissues, and the frequency
rate for the FGFR3 mutation at T450 M in NSCLC tissues was low. The survival analysis suggested that
FGFR3 may be a useful prognostic biomarker in NSCLC.
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Introduction

Lung cancer is a leading cause of cancer-related deaths
worldwide (1). Non-small cell lung cancer (NSCLC)
accounts for >75% of all cases of lung cancer and can be
further classified into 3 subtypes; that is, adenocarcinoma
(AC), squamous cell carcinoma (SCC), and large cell
carcinoma (2-5). A number of studies have successfully
applied molecular-targeted therapeutic agents and
demonstrated their superiority to conventional
chemotherapy in treating NSCLC (6-8). For example,
the echinoderm microtubule-associated protein like4-
anaplasticlymphoma kinase and epidermal growth factor
receptor (EGFR) are important treatment modalities for
NSCLC (9-12). Despite advances in the multimodality
treatment of NSCLC, the prognosis of patients still remains
unfavorable with a 5-year overall survival (OS) rate of <15%
in China (13,14). To improve the prognosis of NSCLC
patients and establish effective treatment modalities, the
tumor biology mechanism needs to be deciphered.
Fibroblast growth factor receptors (FGFRs) are
4 highly conserved transmembrane receptor tyrosine kinase
(RTK) families, and include FGFR1, FGFR2, FGFR3, and
FGFR4 (15). FGFR3 spans 16.5 kb with 18 introns and
19 exons and is situated on chromosome 4p16.3. FGFR3 is a
member of the FGFR family and has been found to regulate
cell growth, cell differentiation, and migration (16,17).

Highlight box

Key findings

*  Our study showed that FGFR3 was highly expressed in NSCLC
tissues, and the frequency rate for the FGFR3 mutation at T450 M
in NSCLC tissues was low.

What is known and what is new?

e Several studies have detected alterations of FGFR3 in NSCLC;
however, the frequency of FGFR3 status was discordance. In one
study, FGFR3 fusions were detected in 9 of 312 lung SCCs in
Chinese patients, and the rate of FGFR3 fusions was even lower in
lung ACs (0.6%, 6/1,016).

® Thus, this study sought to examine the alterations of FGFR3 using
immunohistochemistry and Sanger sequencing in the NSCLC
tissues of 116 patients with surgically resectable NSCLC at the
I-IITA stage. The prognostic role of FGFR3 in NSCLC patients
was also explored.

What is the implication, and what should change now?
* FGFR3 may serve as an independent prognostic factor for the OS
of NSCLC patients.
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FGFR3 is involved in a variety of biological processes
including cell proliferation, differentiation, migration,
angiogenesis, and apoptosis. Cellular functions of FGFR3
are activated by ligand-induced dimerization which in turn
leads to transphosphorylation of key tyrosine residues in the
kinase domain of the receptor Phosphorylated tyrosines act
as docking sites for the recruitment of signaling molecules
and activation of downstream pathways. Four main signal
transduction pathways have been implicated in mediating
FGFR3 functions including the MAP kinase, STAT,
PI3K-AKT, and PLCy (18,19). FGFR3 has been shown
to be activated by the mutation or fusion of its own gene
in several types of cancers, such as urinary bladder cancer,
cervix carcinomas, glioblastoma, rhabdomyosarcoma, and
NSCLC (20).

Several studies have detected alterations of FGFR3
in NSCLC (21-23); however, the frequency of FGFR3
status was discordance. In one study, FGFR3 fusions were
detected in 9 of 312 lung SCCs in Chinese patients, and the
rate of FGFR3 fusions was even lower in lung ACs (0.6%,
6/1,016) (23). In addition to FGFR3 fusions, the mutation
alteration is more common in the tumor area, particularly
in bladder tumors. A previous study reported that the
FGFR3 mutation rate is rare in NSCLC, and is only found
in lung SCC (21). To date, no data are available on the
distribution rates for FGFR3 expression and mutation, its
relation to clinicopathological characteristics, and clinical
outcomes in NSCLC. Thus, this study sought to examine
the alterations of FGFR3 using immunohistochemistry
(IHC) and Sanger sequencing in the NSCLC tissues of 116
patients with surgically resectable NSCLC at the I-IITA
stage. The prognostic role of FGFR3 in NSCLC patients
was also explored. The findings of the present study may
provide novel insights into the role of FGFR3 in the
pathophysiology of NSCLC. We present the following
article in accordance with the REMARK reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1523/rc).

Methods
Patients

This study examined 116 NSCLC surgical tumor tissue
samples from patients who had undergone primary and
curative resection at the Affiliated Cancer Hospital and
Institute of Guangzhou Medical University. The samples
were collected between June 2010 and June 2014. None
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Table 1 Associations between FGFR3 expression and the clinicopathological parameters of NSCLC patients

FGFR3 expression

Variable Case, N=86 (%) P value
Low, N=26 (%) High, N=26 (%)

Age (years) 0.595
=60 50 (58.8) 36 (60.0) 14 (53.8)
<60 36 (41.2) 24 (40.0) 12 (46.2)

Gender 0.002
Male 57 (66.3) 46 (76.7) 11 (42.3)
Female 29 (33.7) 14 (23.3) 15 (57.7)

Smoking <0.001
Ever-smoker 42 (48.8) 38 (63.3) 4 (15.4)
Never-smoker 44 (51.2) 22 (36.7) 22 (84.6)

Histology type <0.001
AC 39 (44.2) 17 (28.3) 22 (84.6)
SCC 47 (55.8) 43 (71.7) 4 (15.4)

T stage 0.017
<5cm 65 (75.6) 41 (68.3) 24 (92.3)
>5cm 21 (24.4) 19 (31.7) 2(17.7)

N stage 0.082
0 44 (51.2) 27 (45.0) 17 (65.4)
1,2,3 42 (48.8) 33 (55.0) 9 (34.6)

Clinical stage 0.934
I 59 (68.6) 41 (66.7) 18 (69.2)
M 27 (31.4) 19 (33.3) 8(30.8)

EGFR mutation <0.001
Yes 39 (45.3) 17 (28.3) 22 (84.6)
No 47 (54.7) 43 (71.7) 4 (15.4)

NSCLC, non-small cell lung cancer; AC, adenocarcinoma; EGFR, epidermal growth factor receptor; FGFR3, fibroblast growth factor

receptor 3; SCC, squamous cell carcinoma.

of the patients had previously undergone preoperative
chemotherapy or radiotherapy. Patients with surgically
resectable NSCLC (stage I-IIIA) were included in this
study. The clinicopathological data of the patients are
summarized in Zable 1. Tumor, node and metastasis (TINM)
staging was evaluated based on American Joint Committee
on Cancer (AJCC)/International Union against Cancer
TNM classification system (24). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). This study was approved by the Ethics Committee
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of Guangzhou Medical University (No. 50, 2019), and

informed consent was obtained from each patient.

Tissue specimens

Formalin-fixed paraffin-embedded (FFPE) tissue blocks
and the corresponding hematoxylin-and-eosin (H&E)-
stained slides were overlaid for tissue microarray (TMA)
sampling. The slides were assessed by a senior pathologist,
who labelled the representative tumor areas. The TMA
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block (116 lung cancers tissues) was generated by punching
representative tumor areas with cylinders (1 mm in
diameter).

IHC analysis of NSCLC samples

The TMA slides were deparaffinized and rehydrated, and
then incubated for 20 min with 3% hydrogen peroxide
to quench endogenous peroxidase activity. Antigen
retrieval was performed by 3-min pressure cooking in
ethylenediaminetetraacetic acid buffer (pH 8.0). The slides
were blocked with 10% normal goat serum for 30 min at
room temperature. The slides were then incubated with
rabbit FGFR3 monoclonal antibody (1:100, ab137084;
Abcam, Cambridge, UK) for 2 h at room temperature,
and then incubated with a secondary antibody for 1 h at
room temperature. The staining was visualized with 3,
3'-diaminobenzidine. Normal brain and testicular tissues
were used as positive control (see Figure S1), while negative
control slides were generated by replacing the FGFR3
monoclonal antibody with normal immunoglobulin.

IHC staining evaluation

All the specimens were examined by 2 independent
observers blinded to the clinicopathologic data. If
inconsistencies arose, the cases were discussed until a
consensus was reached. FGFR3-positive staining cancer
cells were assessed at 100x magnification. Membranous and/
or cytoplasmic staining was considered reactive. Intensity
was scored as 3 for strong staining, 2 for moderate staining,
1 for weak staining, and 0 for negative staining. FGFR3
overexpression was defined by a score of 2 or 3. A higher
score was selected for analysis if 2 discordant cores were
generated for the same patient.

Evaluation of the FGFR3 mutation

A manual micro-dissection procedure on the tissue block
was performed using H&E slides as templates. Based
on the histological analysis, the dissected samples had
>70% tumor cells. A DNAeasy® tissue kit was used for
the deoxyribonucleic acid (DNA) extraction. The direct-
sequencing method was used to analyze the FGFR3
mutation by choosing exons 7, 10, and 15 according to
previous studies (25) and the primers used for the exon
amplification have also been described previously (25).
Polymerase chain reaction (PCR) products were
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fractionated by electrophoresis and visualized with ethidium
bromide. The bigDye terminator V1.1 cycle sequencing kit
was used to perform the sequencing analysis of the purified
PCR products. ChromasPro software 1.34 was used for the

mutational analysis.

Follow-up study

The follow-up period was defined as the date of diagnosis
until any event (e.g., relapse, death, or last known follow-
up). OS was defined as the date of diagnosis to tumour-
related death. Disease-free survival (DFS) was defined as the
date of diagnosis to tumor local recurrence or metastasis.
The average follow-up period for the NSCLC patients was
36.46 months (median: 33.44 months; range, 445 months).

Statistical analysis

All the data were analyzed using SPSS software 16.0
(SPSS Inc., Amond, USA). The categorical variables (i.e.,
the clinicopathologic features, FGFR3 expression, and
FGFR3 mutation) were analyzed by the Chi-square test.
Associations between the expression levels of FGFR3 and
the OS and DFS of the NSCLC patients were evaluated
by a Kaplan-Meier survival analysis with a log-rank test.
The association between the risk score and clinical features
was detected by univariate and multivariate Cox analyses.
The Cox regression model was used to calculate the hazard
ratios and 95% confidence intervals. A P value <0.05 was
considered statistically significant.

Results
Clinical data

A total of 116 cases of NSCLC were included in the
preliminary analysis. Among the 116 cases, the complete
clinical records of NSCLC patients were available for
86 cases, and those cases were included in the further
analysis. The clinical pathological parameters of the 86
NSCLC patients are summarized in Tuzble 1. There were
57 male patients and 29 female patients in this cohort. The
patients had a median age of 58 years (range, 41-80 years)
at the time of diagnosis. The clinical follow-up period
was up to 64 months. Among the patients, 46 were ever-
smoking patients. The cases for AC and SCC were 39 and
47, respectively. The cases for early stage (I-1I) and late
stage (III) tumors were 59 and 27, respectively. In addition,
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Figure 1 THC staining of FGFR3 expression in lung tissues. (A) Negative staining of FGFR3 in normal lung tissues (40x magnification). (B)
Low expression of FGFR3 in NSCLC tissues (40x magnification). (C) High expression of FGFR3 in NSCLC tissues (40x magnification).
(D) Negative staining of FGFR3 in normal lung tissues (100x magnification). (E) Low expression of FGFR3 in NSCLC tissues (100x
magnification). (F) High expression of FGFR3 in NSCLC tissues (100x magnification). IHC, immunohistochemistry; FGFR3, fibroblast

growth factor receptor 3; NSCLC, non-small cell lung cancer.

the cases for the EGFR mutation and wild-type EGFR were
39 and 47, respectively.

The expression of FGFR3 in NSCLC tissues

The FGFR3 expression levels of the 86 NSCLC tissues
were evaluated by TMA. FGFR3 expression (both
cytoplasmic and membranous) was detected by IHC. The
non-expression, low expression, and high expression of
FGFR3 in the NSCLC tissues are shown in Figure 1. Based
on the ITHC results, FGFR3 was immunoreactive in 26
of the 86 NSCLC cases. Further, FGFR3 was positively
expressed in 84.6% of the lung AC cases and 15.4% of the
lung SCC cases. FGFR3 was positively expressed in 42.3%
of the male patients and 57.7% of the female patients.
Additionally, FGFR3 was positively expressed in 15.4% of

© Journal of Thoracic Disease. All rights reserved.

the smoking cases and 84.6% of the non-smoking cases.
Further, 69.2% of the early stage tumors (I and II) cases and
30.8% of the late stage tumors (III) cases were positive for
FGFR3. Among the FGFR3 positive cases, 80.8% of the
cases had the EGFR mutation and 19.2% cases had wild-
type EGFR.

All the samples were further divided into either high or
low FGFR3 expression groups. Patients with a smoking
history, histology type, T stage, and the EGFR mutation
had higher FGFR3 expression rates. However, high FGFR3
expression was not associated with other clinical parameters,
such as age, N stage, and clinical stage (see Table I).

Analysis of FGFR3 mutations in NSCLC samples

DNA was extracted from the paraffin-embedded tissues of
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Figure 2 Sanger sequencing of FGFR3 gene. (A) The wild-type FGFR3 profile, and (B) a T450M-mutated tumor, characterized by a C > T
base substitution in codon 450. FGFR3, fibroblast growth factor receptor 3.

86 NSCLC tissues, and direct sequencing was conducted
on exons 7, the extracellular domain, 10 and 15 of
FGFR. A total of 72 cases were included in the FGFR3
sequencing analysis. FGFR3 mutations were found in 2/72
(2.8%) NSCLC cases as follows: 1/28 (3.6%) in AC, and
1/44 (2.3%) in SCC. Two cases of the FGFR3 mutation
were found in exons 10, but no mutations were found in
exons 7 orl5 of FGFR3. Among the 70 NSCLC cases
with wild-type FGFR3, 20 (28.6%) cases were FGFR3
positive. Due to the small number of FGFR3 mutation
cases, the associations between the FGFR fusions and key
clinicopathologic characteristics were not assessed.

T450M is a novel mutation in FGFR3 TM domain

The mutational analysis of FGFR3 exon 10 showed the only
point mutation at T450M. Figure 2 shows heterozygous
substitutions C > T at position 1349 in exon 10 of FGFR3,
leading to amino acid substitution T450M. The Database
Single Nucleotide Polymorphism (dbSNP) indicated that
it was not a polymorphism (see Table S1). The mutation
was detected in 2 patients. Of whom, 1 was a 54-year-old
female, who had undergone a radical lobectomy, and had
stage ¢'T2a NIMO LA. The patient was alive, and the
FGFR3 protein expression was positive. The EGFR had
19 deletion mutations. The other patient was a 78-year-

© Journal of Thoracic Disease. All rights reserved.

old male, who had been diagnosed with SCC. He had
undergone radical lobectomy and had stage T2a N1MO.
The molecular analysis revealed the negative staining of
FGFR3 and wild-type EGFR. T450M in FGFR3 exon 10
was the only mutation detected in the 2 patients. No other
mutations in exons 7 and 15 of FGFR3 were detected.

The association between FGFR3 expression and the
survival of NSCLC patients

The correlation between FGFR3 expression and the OS and
DES of the NSCLC patients was assessed by a Kaplan-Meier
survival analysis. High FGFR3 expression was correlated
with better OS (log-rank =5.772, P=0.016; see Figure 34) and
DEFS (log-rank =4.239, P=0.040; see Figure 3B).

Univariate and multivariate analyses of the clinical factors
and FGFR3 expression associated with the survival of
NSCLC patients

Initially, age, smoking, histology type, T stage, N stage,
clinical stage, the EGFR mutation, and the expression
of FGFR3 were selected for the univariate analysis.
The variables were reduced through forward-stepwise
regression. The multivariate analysis revealed that FGFR3
was an independent prognostic factor (P=0.024) for the OS
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Figure 3 Kaplan-Meier survival analysis of FGFR3 expression in NSCLC patients. Association between FGFR3 expression and the (A) OS
and (B) DFS of the NSCLC patients. FGFR3, fibroblast growth factor receptor 3; NSCLC, non-small lung cell cancer; OS, overall survival;

DFS, disease-free survival.

Table 2 Univariate and multivariate analyses of the clinicopathological factors and FGFR3 expression associated with the survival of NSCLC

patients
Variable Subset HR (95% CI) P value
Univariate analysis (N=86)
Age >60 vs. <60 0.945 (0.447-1.999) 0.883
Smoking Yes vs. no 1.554 (0.734-3.291) 0.249
Gender Male vs. female 2.501 (0.950-6.582) 0.063
Histology type AC vs. SCC 0.523 (0.236-1.157) 0.110
T stage <5vs. >5cm 0.827 (0.351-1.950) 0.664
N stage Ovs.1,2,8 1.756 (0.830-3.718) 0.141
Clinical stage I, lvs. NI 1.3083 (0.601-2.826) 0.503
EGFR mutation Yes vs. no 0.523 (0.236-1.157) 0.110
FGFR3 Low vs. high 0.294 (0.102-0.850) 0.024
Multivariate analysis (N=86)
FGFR3 Low vs. high 0.294 (0.102-0.850) 0.024

FGFRS3, fibroblast growth factor receptor 3; NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl, confidence interval; AC,
adenocarcinoma; SCC, squamous cell carcinoma; EGFR, epidermal growth factor receptor.

of NSCLC patients (see Table 2).

Discussion

Clinical trial (NCT01824901) examining FGFR inhibitors
in NSCLC is ongoing. New targets for which therapies
already exist need to be identified. FGFR3 is a member
of the FGFR family, whose alterations may become an
effective target for the gene therapy of NSCLC. In this
study, the frequencies of protein expression and the FGFR3

© Journal of Thoracic Disease. All rights reserved.

mutation in the NSCLC patients were 26/86 (30.2%) and
2/72 (2.8%), respectively. We showed for the first time
that FGFR3 is associated with a favorable prognosis and
is a novel independent prognostic factor for the OS of
NSCLC patients. The high FGFR3 expression group had
more females, more non-smokers, more ACs, earlier T
stage, fewer lymph node metastases, earlier clinical stage,
a higher EGFR mutation rate, and longer OS and DFS.
Reasons for the favorable prognosis of NSCLC patients
include the small sample size for death events during the
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follow-up period and the different treatment modalities,
which included tyrosine kinase inhibitor (TKI)-treatment
and adjuvant chemotherapy. Notably, we discovered that
T450M is a novel mutation in the FGFR3 TM domain.
T450M in FGFR3 exon 10 was the only mutation detected
in 2 patients. No other mutations in exons 7 and 15 of
FGFR3 were detected. Further, 2 cases were lung AC with
overexpressed FGFR3 and lung SCC with FGFR3 negative
staining respectively.

A study reported that the expression rate of FGFR3
was 1.8% (5/275) in lung SCC (26). Conversely, we found
that high FGFR3 expression was predominant in lung
AC patients, but the positive rate of FGFR3 in lung SCC
was low. A previous study has reported that the FGFR3
expression rate is 3.3% (20/612) in NSCLC (27). However,
the FGFR3 expression rate was 22.3% (23/103) using the
polyclonal antibody from the Abcam company, and 11.7%
(12/103) using antibodies from Cell Signaling Technology
in 103 lung SCC cases, and the positive expression rate
of FGFR3 in NSCLC was not detected. We found a
FGREF3-positive expression rate of 15.4% (4/26) using an
Abcam monoclonal antibody in lung SCC. There is no
unified standard scoring system for FGFR3 expression
in NSCLC. However, as FGFR3 in urothelial carcinoma
has been widely studied (28) (Table S1), we adopted the
scoring system of Cappellen ez /. (24). We also reviewed
the scoring system for FGFR3 expression from a NSCLC
study (29) (Table S2), but the frequency of FGFR3
expression was different in NSCLC. Any discrepancies
between previous studies and our findings may be explained
by the composition of patients, the heterogeneity of the
FGFR3 gene, the cancer stage, antibodies, and the different
scoring systems.

Previous studies showed that am EGFR TKI induced
FGFR3 signaling by de-repressing FGFR3 expression,
and FGFGR3 signaling is a key signaling pathway in the
regulation of EGFR TKI resistance (30-32). Thus, de novo
FGFR3 high expression may be significantly related to
the EGFR mutation state of activation in treatment-naive
NSCLC patients. Further, combining EGFR with FGFR
specific TKIs may improve the therapeutic effects of EGFR
inhibitors.

FGFR3 has been observed to be overexpressed in
human hepatocellular carcinoma, oral cancer, and bladder
cancer (33). Thus, the overexpression of FGFR3 may play
an important role in human carcinogenesis (34). However,
little is known about the role of FGFR3 in NSCLC. This
study was the first to apply a TMA-based IHC method to
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examine FGFR3 expression in a cohort of 116 patients.
Our results suggest that FGFR3 plays an essential role in
NSCLC progression. A recent study showed that miR-100
and FGFR3 protein levels are inversely expressed in the
A549 lung cancer cell line (35). However, the mechanisms
underlying the upregulation of FGFR3 in A549 cells remain
unknown.

High FGFR3 expression is correlated with
clinicopathologic factors in lung cancer. Our study showed
that FGFR3 was differentially expressed in the lung tissues
between the AC and SCC subtypes, which suggests that
the tumor behavior may be driven by the morphologic
characteristics of tumors (36). The expression of FGFR3
was higher in lung AC than SCC, and higher FGFR3
expression predicted better OS. Additionally, the high
FGFR3 expression group had a higher EGFR mutation
rate, which suggests that patients in the high FGFR3
expression group received EGFR TKI treatments more
than those in the low FGFR3 expression group. Thus,
FGFR3 appears to be closely related to AC with the EGFR
mutation.

The results of the survival analysis revealed the patients
with high FGFR3 expression levels had better OS, which
suggests that lower or reduced FGFR3 expression levels may
enhance NSCLC progression, while FGFR3 overexpression
may attenuate NSCLC progression. FGFR3 overexpression
has also been shown to induce the transformation of
colon cancer cells (37). FGFR3 upregulation was detected
at the messenger ribonucleic acid and protein levels in
urinary bladder carcinomas (38). In relation to the role
of FGFR3 in the progression of human cancers, some
results are contradictory. For example, FGFR3 mutation
and expression have been shown to be related to favorable
low-grade bladder cancer (39). Conversely, FGFR3
overexpression has also been shown to be a prognostic
factor for adverse outcomes for muscle-invasive bladder
carcinoma treated with adjuvant chemotherapy (40). FGFR3
expression has also been shown to be associated with a poor
prognosis of breast cancer patients (41). Interestingly, in
our study, FGFR3 was associated with a favorable prognosis
in patients with NSCLC and served as an independent
prognostic factor for the OS of NSCLC patients. There are
several explanations regarding the contradictory findings
among different studies. In the present study, we only
included the patients with surgically resectable NSCLC
at the I-IIIA stage, and the favorable prognostic role of
FGFR3 may only occurred in patients with early-stage
NSCLC. This study is a retrospective study, the study is
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based on the 7th edition of TNM staging classification.
However, the current NSCLC staging has been updated to
the 8th edition, this staging classification may affect patient
management, because many clinicians make management
based on stage Therefore, the staging system of this study
may affect the judgment of prognostic results and have
a certain impact on the treatment plan. Kaplan-Meier
survival analysis showed that patients with high FGFR3
expression had significantly improved OS and significantly
prolonged DFS compared with patients with low FGFR3
expression. It may be because the expression of FGFR3 in
lung adenocarcinoma is higher than that in lung squamous
cell carcinoma, and the EGFR mutation rate in the group
with high FGFR3 expression is higher, and there is a chance
to receive EGFR-TKI treatment in the future. Therefore,
it is speculated that patients with high FGFR3 expression
have longer OS and DFS, and are closely associated with
higher EGFR mutations. However, the mechanistic actions
still need to be further investigated.

Our study also found no correlation between protein
expression and the FGFR3 mutation. FGFR3 mutations
have been described previously in urothelial carcinoma
(42,43). However, similar to a previous report (44), the
frequency of the FGFR3 mutation in the NSCLC patients
in our cohort was low. Studies have reported that FGFR3
aberrations in NSCLC occurred in the FGFR3 fusion gene
type (27) (Table S3). Pros ez al. did not discover any FGFR3
mutation in 50 cases of NSCLC (45). Shinmura ez al.
reported that the FGFR3 mutation rate was 0.9% (2/214) in
NSCLC (38), which was lower than the rate reported in the
present study (Table S4). However, similar to the results of
our study, the frequency rate in lung SCC was reported to
be 3.2% (2/63). We found that FGFR3 mutations were not
associated with the prognosis of NSCLC patients, but this
may be due to the limited sample size.

This study had several limitations. First, as a single-
center retrospective study, selection bias was unavoidable.
Second, IHC and Sanger sequencing were combined
to detect FGFR3 status, and the frequency of FGFR3
alterations in China differ to those of other countries.
Third, currently, there are no consistent standards,
including antibody and scoring system standards. Fourth,
this was only a preliminary study, and more thorough
studies using human cells or samples need to be conducted
to provide further insights into the function of FGFR3 in
NSCLC and the progression of NSCLC.
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Conclusions

FGFR3 alterations, including expression and mutation
alterations, in NSCLC could be promising therapeutic
targets. We found that the frequency of FGFR3 expression
in NSCLC, especially AC, is high, but the FGFR3 mutation
rate is low and is not correlated with the histology type.

FGFR3 may serve as an independent prognostic factor for
the OS of NSCLC patients.
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Supplementary

Figure S1 IHC staining of Expression of FGFR3 in different control tissues. (A) Positive expression of FGFR3 in bladder cancer tissue
(Original Magnification x100). (B) Positive expression of FGFR3 in bladder cancer tissue (Original Magnification x200). (C) Positive
expression of FGFR3 in bladder cancer tissue (Original Magnification x400). (D) Negative expression of FGFR3 in bladder cancer tissue
(Original Magnification x100). (E) Negative expression of FGFR3 in bladder cancer tissue (Original Magnification x200). (F) Negative
staining of FGFR3 in bladder cancer tissue (Original Magnification x400).

Table S1 Basic information for FGFR3 expression and mutation

FGFR3 mutation

ID Histology FGFR3 expression
Exon 7 Exon 10 Exon 15

2 AC 2+ p.N294N; c.882; AAT>AAC WT WT
20 AC 2+ WT p.S455S; ¢.1365; C>T WT
23 AC 2+ WT p.L457L;¢.1371; C>T WT
27 AC 2+ p.N294N; c.882; AAT>AAC p.T450M; ¢.1349; C > T WT
29 AC 1+ p.N294N; c.882; AAT>AAC WT WT
51 SCC 2+ WT p.L457L;¢c.1371; C>T WT
74 SCC 1+ p.N294N; ¢.882; AAT>AAC p.T450M; c.1349C > T WT
82 SCC 0 p.N294N; c.882; AAT>AAC WT WT

AC, adenocarcinoma; FGFR3, fibroblast growth factor receptor 3; SCC, squamous cell carcinoma; WT, wild type.
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Table S2 List of the FGFR3 antibodies used for immunohistochemistry and the scoring criteria in bladder cancer

Antibody  Clone Dilution  Approach  Source Percentage (%) Intensity Categories Localization
FGFR3 (37) B9 1:100 TMA Santa Cruz ND 0=() 0-1=L C/M
1= 2-3=H
2 =(++)
3 = (++4)
FGFR3 (41) Rabbit monoclonal 1:50 TMA Spring ND ND N or P* ND
immunoglobulin G clone Bioscience

aa 359-372 (E10234)

FGFR3 (38) B9 monoclonal antibody ND TMA Santa Cruz ND =0 0-1=L ND

+) 2-3=H

FGFR3 (42) B9 1:50 T™A SantaCruz ~ ND =0 0-1=N  C/M

3 = (+++)

*, focal (partly positive stained urothelial tissue on the TMA section) or weak FGFR3 (positive but with reduced intensity) immunoreactivity
was also considered to be positive. C, cytoplasm; H, high; L, low; M, membrane; N, negative; ND, not determined; P, positive; TMA, tissue
microarray.

Table S3 Overview of FGFR3 protein expression studies in NSCLC

Frequencies of

Country Techniques Cases Sample expression (%) in  FGFR3 antibody Scoring criteria
types
NSCLC
The Netherlands IHC 612 FFPE 20 (3.3%) B-9, sc-13121, Santa Cruz Intensity: O (negative, N), 1+ (low, L), 2+
(40) Biotechnology, Dallas, TX, (high, H). The percentage of cells was not
dilution 1/50 scored, as it was homogenous among all
tumors (i.e., it was 100% in all tumors).
Spain (39) IHC 275 FFPE 5/275 (2%) (only in B-9, Santa Cruz Percentage (%): ND; Intensity: 0 = (-);1 =
SCC) Biotechnology, 1:25 (+); Categories: 0=N,1=P
China (33) IHC 103 (all FFPE 22.3% (23/103) (all polyclonal antibody, 1:50;
SCC) SCC) Abcam,
China (33) IHC 103 (all FFPE 11.7% (12/103) (all clone: C51F2, 1:50; Cell
SCC) SCC) Signaling Technology

C, cytoplasm; FFPE, formalin-fixed, paraffin-embedded; FGFRS3, fibroblast growth factor receptor 3; H, high; IHC, immunohistochemistry;
L, low; M, membrane; N, negative; ND, not determined; NSCLC, non-small cell lung cancer; P, positive; SCC, squamous cell carcinoma;
TMA, tissue microarray.
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Table S4 Overview of FGFR3 mutation status studies in NSCLC

Frequencies of Frequencies of  Frequencies of

Country Techniques Cases Sample types mutations (%) in  mutations (%) in mutations (%) in Mutations
NSCLC SCC AC

Japan (29) Sequencing 214 FFPE 2/214 (0.9%) 2/63 (3.2%) 0 Exon 7; p.R248H

The Netherlands Sequencing 612 FFPE 6/200 (3.0%) 4/76 (5.3%) 2/111 (1.8%) FGFRS3 fusion

(40)

Spain (39) Sequencing 50 FFPE 0 0 0

China (33) Sequencing 1328  Surgically frozen 15/1328 (1.1%) 9/312 (2.9%) 6/1016 (0.6%) FGFRS fusion

tumor tissue

FGFRS, fibroblast growth factor receptor 3; NSCLC, non-small cell lung cancer.
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