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Enhanced expression of FGF19 predicts poor prognosis in
patients with non-small cell lung cancer
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Background: Lung cancer is one of the most common cancers and a leading cause of cancer-related death
worldwide. Although many treatment options exist for lung cancer, some patients still suffer postoperative
recurrence, and a consequent reduction of overall survival (OS). Our study aimed to investigate the
correlation of FGF19 expression with the clinicopathological features and survival outcomes of non-small
cell lung cancer (NSCLC) patients.

Methods: Bioinformatics analysis was conducted using the data from The Cancer Genome Atlas (TCGA)
database to distinguish between the FGF19 levels of tumor and normal tissue and to determine their
correlation with the OS. A total of 187 NSCLC patients who underwent radical resection of lung cancer
were enrolled, and tissues were collected to determine FGF19 expression by immunohistochemistry (IHC)
assay. Clinicopathological features including the survival date were collected for detailed research.

Results: According to the analysis based on the TCGA database, we found that the NSCLC tissues
exhibited enhanced FGF19 messenger RNA (mRNA) expression and that the FGF19 mRNA levels
correlated with shorter OS in NSCLC patients. IHC staining indicated that 88 (47.1%) patients had high
FGF19 expression and 99 (52.9%) patients had low FGF19 expression. Meanwhile, survival data showed
that high FGF19 expression was correlated with reduced OS (P<0.001). Moreover, both the univariate
analysis and the forward stepwise multivariate Cox regression revealed that high FGF19 expression was an
independent prognostic factor for decreased OS (P=0.001).

Conclusions: The expression of FGF19 is significantly upregulated in NSCLC, and the overexpression of
FGF19 is correlated with poor OS, especially in lung adenocarcinoma (LUAD) cases. FGF19 might serve as
a potential biomarker for predicting poor OS in NSCLC patients.
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Introduction there were approximately 2.1 million newly diagnosed lung

cancer cases and almost 1.67 million deaths, making lung
Among cancers, lung cancer ranks first in incidence and cancer the leading cause of global cancer-related fatalities.
is the leading cause of cancer-related death worldwide. In China, lung cancer has also gradually become a major

According to the GLOBOCAN estimate for 2018 (1), public health concern (2), and although many treatment
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options and strategies exist, the situation is still not
promising in the country.

Non-small cell lung cancer (NSCLC) accounts for
the majority of lung cancer cases (3). Although radical
surgery and chemotherapy remain the cornerstones for
the treatment of NSCLC, a significant portion of patients
still suffer postoperative recurrence. Major advances in
the treatment of NSCLC, including molecular biology
and immunotherapy, are gradually changing the received
approach toward treatment (3). Despite these developments,
many problems remain unresolved. First, identifying
new biomarkers that can effectively predict postoperative
recurrence risk remains an important problem for both
physicians and patients. Secondly, which biomarkers can
be used to reasonably guide prognosis and predict therapy
response in NSCLC patients is a subject that is still being
heavily researched. In other words, there is an urgent need
to discover predictive biomarkers for identifying those
NSCLC patients who can most benefit from complete
resection and to identify biomarkers that can predict
treatment efficacy.

The family of fibroblast growth factors (FGFs), which
regulate a series of biological functions and multiple
developmental processes, consists of 22 members divided
into 7 subfamilies (4-6). The canonical FGFs account for
the majority of FGF’s known functions in paracrine protein
and autocrine protein. Another subgroup, endocrine FGFs
(FGF19, FGF21, and FGF23), act as circulating hormones
that differ from the canonical FGFs (6). As a member of
the FGF family endocrine subgroup, FGF19 has a key role
both in the regulation of bile acid homeostasis and the
metabolism maintenance of protein and glucose (7). FGF19
is also critical for maintaining whole-body homeostasis and
has therapeutic potential in malignant tumors (6). Acting
as a circulating hormone (4), FGF19 has the potential to
bind to four types of tyrosine kinase FGF receptors (FGFR
1-4) with quite a low affinity. Activation of canonical FGFs
binding to FGFR4 requires heparin/heparin sulfate (HS) (4),
while FGF19 requires B-klotho (KLB) as a coreceptor
(7-9). Once FGF19 binds to FGFRs and coreceptor KLB, it
triggers dimerization and autophosphorylation, ultimately
activating the cytoplasmic signal transduction pathway (10).

In addition to its function in glucose metabolism
and the regulation of bile acid homeostasis, FGF19 also
participates in tumorigenic activity by activating FGF19-
FGFR4 pathway, and is particularly involved in the
pathogenesis of hepatocellular carcinoma cells (HCC) (11).
The main downstream signaling pathways active in FGF19-
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FGFR4 include PI3K-AKT, Ras-Raf-MAPK, epithelial-
mesenchymal transition (EMT), and the signal transducer
and activator of transcription (STAT) pathway (5).
Recent research has indicated that FGF19 enhances
EMT in HCC by regulating FGFR4 activation through
the GSK3p/B-catenin signaling cascade (12). Furthermore,
certain drugs such as lenvatinib have demonstrated potential
efficacy in anticancer therapy. Lenvatinib was shown to induce
histological focal necrosis in Hep3B2.1-7 xenograft tumors
harboring FGF19 overexpression and to promote the death
of HCC cells by downstream regulation of FGF signaling
pathway (13). Another study has identified FGF19 as a
prognostic marker and potential driver gene of lung squamous
cell carcinoma (LUSC) in Chinese patients who smoke (14).

Thus far, the correlation between FGF19 and
postoperative recurrence risk or overall survival (OS)
of NSCLC has not been fully studied. Therefore, we
conducted this research to assess the value of FGF19
in NSCLC treatment and to ascertain the correlation
between FGF19 expression and the clinicopathological
characteristics of patients. Encouragingly, we found the
upregulated expression of FGF19 to be associated with poor
prognosis in NSCLC, which indicates that FGF19 may be a
prognostic marker in NSCLC patients.

We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-126).

Methods

Bioinformatics analysis based on The Cancer Genome

Atlas (TCGA) database

FGF19 messenger RNA (mRNA) expression data and
corresponding survival data of patients with NSCLC were
obtained from the official website of TCGA (https://portal.
gdc.cancer.gov/). The lung adenocarcinoma (LUAD)
dataset contains 469 tumor tissues and 58 normal tissues,
while the lung squamous cell carcinoma (LUSC) dataset
contains 490 cancer tissues and 51 normal tissues, with all the
data being accompanied by clinical information. The “survival”
and “survminer” packages of R software (R Foundation for
Statistical Computing, Austria) were used to further process
the RINA expression data and the survival data.

Patients

Specimens obtained from 187 NSCLC patients who
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underwent radical surgery for NSCLC from January 2010
to June 2016 were retrospectively analyzed in this study.
The eligibility criteria were as follows: (I) histologically
confirmed as primary NSCLC; (II) age >18 years; (III)
well preserved tumor specimens accessible and available
for immunohistochemistry (IHC) staining assay; (IV)
clinical stage I-1II according to the seventh edition of
TNM classification; (V) integrated medical record and
follow-up data of OS; (VI) no history of secondary primary
tumors. This study was approved by the respective ethics
committees of Nantong Tumor Hospital and the Affiliated
Hospital of Nantong University. All patients or their family
members provided written informed consent. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013).

IHC staining

Tissue microarrays (TMAs) were constructed from
formalin-fixed paraffin-embedded tumor tissues. The 4 pm
tissue cores of approximately 70 donor blocks embedded
in formalin-fixed paraffin were precisely arranged on a new
paraffin block by a pathologist at the Affiliated Hospital
of Nantong University. The expressions of FGF19 in the
TMAs were detected by IHC assay. Anti-FGF19 antibody
(1:100; Abcam, Cambridge, UK) and goat polyclonal to
rabbit immunoglobin G (IgG) (1:10,000; Abcam) were used
in the IHC assay. All procedures were performed according
to the application manuals of the antibody. Before the
experiment began, the antibody specificity of FGF19 was
verified on formalin-fixed and paraffin-embedded human
small intestine tissue according to the instructions of the
antibody manufacturer.

After deparaffinization and rehydration, endogenous
peroxidase activity was blocked in 3% hydrogen peroxide
and left to react with methanol for 20 minutes. After a
wash with phosphate-buffered saline, antigen retrieval was
performed with a 1% concentration of Target Retrieval
Solution Low pH (TRS Lo 50x, Dako Glostrup, Denmark)
at 98 °C for 20 minutes. The slide was cooled at room
temperature, and then the slides were incubated with the
first anti-FGF19 antibody, ab225942 (dilution 1:100) at
room temperature for 2 hours. Subsequently, the sections
were incubated with a secondary antibody of goat polyclonal
to rabbit IgG at a 1:10,000 dilution for 30 minutes at room
temperature. Informed consent for use of human tissues was
given by the patients and approved by the clinical research
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ethics committees of both hospitals.

IHC scoring

The semiquantitative scoring of IHC staining was
independently scored by two pathologists. The expression
of antibody in tumor cells was evaluated under a microscope
at 200x magnification. Five high-power fields of view
were randomly selected for the calculating of tissue cells.
The density and intensity of positively stained cells were
assessed by counting 100 tumor cells in each selected
field. The intensity of staining was scored as follows: 0,
no staining; 1, weak staining; 2, moderate staining; and 3,
strong staining. According to the density of staining and
percentage of tumor cells, the scores were divided into four
categories: 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%),
and 4 (76-100%). The combined score was then calculated
by multiplying the intensity and density of staining (ranging
from 0 to 12). For statistical analysis, a comprehensive
score <6 was defined as a low expression, and a score >6 was
defined as a high expression. Any disagreement between the
two pathologists concerning the evaluation could be solved
through consensus and reassessment.

Clinical and survival data extraction

Clinical data were extracted from the medical record, and
included clinical and pathological information of age, sex,
smoking and alcohol history, TNM stage, tumor size,
pathological grade of tumor, vascular thrombus, neural
invasion, and pleural invasion, and treatment history.
Survival data were collected from follow-up records to
evaluate the OS. The last follow-up date was December 31,
2019, and OS was defined as the time from initial therapy
to death.

Statistical analysis

The clinical database was established using SPSS 25.0
software (IBM Corp., USA). The independent #-test and
chi-square tests were performed for comparisons among
groups. The cumulative survival rate was calculated by the
Kaplan-Meier method, and between-group comparisons
were calculated by the log-rank test. The Cox regression
model was used to determine the risk factors of OS through
univariate and multivariate analysis. All factors that showed
statistical significance in univariate analysis (P<0.05) were
included in multivariate analysis to identify independent
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Figure 1 FGF19 mRNA expression in NSCLC. (A) NSCLC. (B) LUSC. (C) LUAD. NSCLC, non-small cell lung cancer; LUSC, lung

squamous cell cancer; LUAD, lung adenocarcinoma.

risk factors. All statistical analyses were two-sided, and a P
value <0.05 was considered statistically significant.

Results

NSCLC tissues exhibited elevated FGF19 mRNA

expression

A detailed analysis was conducted using the data from
TCGA database. The FGF19 mRNA expression levels in
the NSCLC tissues and normal tissues were compared by
t-test. The NSCLC tissues exhibited significantly higher
levels of FGF19 mRNA expression than did the normal
tissues (P<0.0001) (Figure 1A). Furthermore, we carried out
a stratified analysis of the LUAD and LUSC subtypes. The
FGF19 mRNA levels of both the LUAD tissues and LUSC
tissues were notably higher than those of normal tissues
(P<0.0001; Figure 1B,C).

© Journal of Thoracic Disease. All rights reserved.

Correlation of FGF19 mRNA levels with OS in NSCLC
patients

NSCLC patients with high FGF19 mRNA levels had lower
OS than those with low expression (P<0.01; Figure 2A4).
Patients with high FGF19 expression in the LUAD cohort
had shorter OS compared to those with low expression
(P<0.001; Figure 2B); however, no significant difference was
observed in the LUSC group (P=0.38; Figure 2C).

The expression of FGF19 correlated with copy number
variation amplification

The standardized expression data of FGF19 and the
segmentation data of copy number variation (CNV)
were downloaded from TCGA database (https://portal.
gdc.cancer.gov/). The classification value of CNV was
calculated using GISTIC 2.0 (GenePattern) based on
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Figure 2 FGF19 mRNA levels with OS in NSCLC. (A) NSCLC. (B) LUAD. (C) LUSC. OS, overall survival; NSCLC, non-small cell lung

cancer; LUSC, lung squamous cell cancer; LUAD, lung adenocarcinoma.

TCGA CNV segmentation, which is defined as follows: -2 =
homozygous deletion, 1 = hemizygous deletion, 0 = neutral/
no change, 1 = gain, 2 = high level amplification. As shown in
Figure 3, the amplification of FGF19 CNV in the NCSLC
group and the LUSC subgroup was significantly higher
than that in other groups (P<0.0001) (Figure 34,B), but no
difference was observed in the LUAD subgroup (Figure 3C).

Correlation of FGF19 CNV amplification with OS in
NSCLC patients

"To determine the correlation of FGF19 CNV amplification
with OS, we created two groups according to FGF19 CNV
amplification: a high group (2) and a low group (-2,0,1). As
shown in the Figure 4, FGF19 CNV amplification did not
correlate with OS in NSCLC patients, either in the LUAD
or LUSC subgroups.

© Journal of Thoracic Disease. All rights reserved.

FGF19 expression by IHC assay in NSCLC patients

FGF19 staining was mainly localized in the membrane
and cytoplasm. In addition, positive staining was also
detected in the nucleus of tumor cells. Examples of the
FGF19 IHC staining of different tissue types are shown
in Figure 5.

Characteristics of NSCLC patients

Patient characteristics and pathological features are shown
in Table 1. All 187 NSCLC patients underwent radical
surgery. Based on the combined FGF19 IHC score, 88 of
187 patients showed high FGF19 expression and 99 patients
showed low FGF19 expression. The distribution of various
clinical features was relatively balanced, and, as expected,
there was no obvious difference.
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Figure 3 FGF19 expression and CNV amplification in NSCLC. (A) NSCLC. (B) LUSC. (C) LUAD. CNV, copy number variation.

NSCLC, non-small cell lung cancer; LUSC, lung squamous cell cancer; LUAD, lung adenocarcinoma.

Increased expression of FGF19 by IHC assay predicted poor
OS in NSCLC patients

Additionally, the overexpression of FGF19 predicted poor OS
in NSCLC patients (P=0.002) (Figure 64). Separate analysis
of LUAD and LUSC patients showed different outcomes:
LUAD patients with high FGF19 expression had shorter
OS than those with low expression (P=0.031, Figure 6B),
while no difference was observed in LUSC patients
(P=0.061, Figure 6C).

Survival outcomes and COX regression analysis of
prognostic factors

In order to explore the prognostic significance in NSCLC,
we analyzed the relevant pathological factors and clinical
features (Tuble 2). Among the clinicopathological factors,
high FGF19 expression, LUAD, TNM stage, and adjuvant
chemotherapy were significantly associated with worse OS
in the univariate analysis (P<0.05; 7able 2). Furthermore,
multivariate analysis was performed to determine the
prognostic value of FGF19 expression using the Cox
proportional hazards model. The significant factors from
univariate analyses, including high FGF19 expression,
TNM stage, and adjuvant chemotherapy, were selected for
multivariate analysis. COX regression analysis revealed that
high FGF19 expression [hazard ratio (HR) =1.688, 95%
confidence interval (CI): 1.234-2.309, P=0.001), TNM

© Journal of Thoracic Disease. All rights reserved.

stage (HR =1.643, 95% CI: 1.202-2.246; P=0.002), and
adjuvant chemotherapy (HR =0.566, 95% CI: 0.411-0.780;
P=0.001) were independently associated with OS. These
results indicated that FGF19 expression was an independent
prognostic factor and that overexpression of FGF19 was
associated with poor OS.

Correlation of FGF19 expression and clinicopathological
characteristics associated with OS (stratified analysis)

The correlation between FGF19 expression and the
clinicopathological characteristics related to OS was
analyzed by Cox regression analyses. As listed in Table 3,
the elevated FGF19 expression and the clinicopathological
characteristics related to OS were significantly associated
with older age (>65 years), absence of alcohol history,
absence of smoking history, LUAD, poor pathological
grade, tumor size (<3 cm), right-side tumor site, lymph
node metastasis, absence of vascular thrombus, absence of
neural invasion, absence of pleural invasion, T3-T4 stage,
and TNM stage IIL

Prognostic nomograms for OS of NSCLC

Significant independent factors based on the multivariate
analysis, including FGF19 expression, TNM stage, and
adjuvant chemotherapy, were included in the nomogram

7 Thorac Dis 2021;13(3):1769-1784 | http://dx.doi.org/10.21037/jtd-21-126
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Figure 4 Correlation of FGF19 CNV amplification with OS in NSCLC. (A) NSCLC. (B) LUSC. (C) LUAD. CNV, copy number

variation; OS, overall survival; NSCLC, non-small cell lung cancer; LUSC, lung squamous cell cancer; LUAD, lung adenocarcinoma.

to predict the 3- and 5-year survival of the NSCLC
patients after radical surgery. The concordance index of the
nomogram was 0.636 (Figure 7).

Discussion

Genetic changes of the FGFI19 gene have been found in
many types of malignant tumors, including HCC (15) and
head and neck squamous cell carcinoma (HNSCC) (16).
However, the role of FGF19 in the prognosis of NSCLC
after surgery has thus far not been examined. Although
postoperative adjuvant treatment of NSCLC has become
standard care over the past few decades, the surgical

© Journal of Thoracic Disease. All rights reserved.

outcome for early-stage NSCLC is still unsatisfactory (17).
Therefore, identifying whether or not FGF19 is an
oncogene and pivotal driver of NSCLC can provide
potential opportunities for targeted intervention.

The present study found that (I) the expression of
FGF19 in NSCLC tissues was higher than that in normal
tissues, regardless of the level of mRNA or protein. (II) Cox
proportional hazards regression analyses revealed that high
FGF19 expression, TNM stage, and adjuvant chemotherapy
were independently associated with OS. Our results thus
provide clinical evidence that FGF19 plays an essential role
in the prognosis of NSCLC.

The crucial roles of the endocrine FGF19 subfamily
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Table 1 Baseline characteristics of patients
FGF19-expression
Clinicopathologic features Total (n=187) P value
Low (52.9%) (n=99) High (47.1%) (n=88)

Age (y) 0.281
>65 67 39 28
<65 120 60 60

Sex 0.956
Male 125 66 59
Female 62 33 29

Alcohol history 0.028
Yes 64 41 23
No/unknown 123 58 65

Smoking history 0.385
Yes 48 28 20
No/unknown 139 71 68

Histology type 0.450
Lung adenocarcinoma 120 66 54
Lung squamous cell carcinoma 67 33 34

Pathological grade 0.548
Good 22 10 12
Moderate 64 37 27
Poor 101 52 49

Tumor size (cm) 0.850
<3 90 47 43
>3 97 52 45

Tumor site 0.163
Left 73 34 39
Right 114 65 49

Lymph node metastasis 0.142
Present 115 56 59
Absent 72 43 29

Vascular thrombus 0.793
Present 28 15 13
Absent 159 84 75

Neural invasion 0.76
Present 15 8 7
Absent 172 91 81

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 1 (continued)
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Clinicopathologic features

Total (n=187)

FGF19-expression

P value
Low (52.9%) (n=99) High (47.1%) (n=88)
Pleural invasion 0.429
Present 33 15 18
Absent 154 84 70
T stage 0.769
T1+T2 147 77 70
T3+ T4 40 22 18
TNM stage
I+ 1 110 61 49 0.410
11l 77 38 39
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Figure 6 Kaplan-Meier curves of OS stratified by FGF19 expression in NSCLC. (A) NSCLC. (B) LUAD. (C) LUSC. NSCLC, non-small

cell lung cancer; OS, overall survival; LUSC, lung squamous cell cancer; LUAD, lung adenocarcinoma.
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Table 2 Univariate and multivariate analysis for OS
Univariate analysis Multivariate analysis
Variable
P value HR 95% Cl P value HR 95% ClI
High FGF19 expression 0.002 1.618 1.185-2.209 0.001 1.688 1.234-2.309
Sex (female vs. male) 0.513 1.114 0.807-1.537
Age (years) <65 vs. >65 0.281 0.836 0.604-1.158
Alcohol history 0.36 0.858 0.617-1.191
Smoking status smoker vs. 0.309 1.209 0.839-1.742
non-smoker
Histologic subtype 0.023 1.456 1.053-2.014
(LUAD vs. LUSC)
Differentiation Well/moderate vs. 0.16 0.801 0.588-1.092
poor
Tumor size (<3 vs. >3 cm) 0.45 1.126 0.828-1.531
Location left vs. right 0.799 0.96 0.702-1.313
Lymph node metastasis 0.132 1.279 0.929-1.762
(NO vs. N1 + N2)
Vascular thrombus 0.237 1.3 0.842-2.008
Neural invasion 0.471 0.798 0.431-1.474
Pleural invasion 0.574 1.122 0.751-1.679
TNM stage | + Il vs. Il 0.001 1.704 1.248-2.326 0.002 1.643 1.202-2.246
Adjuvant chemotherapy 0.0004 0.558 0.4.5-0.769 0.001 0.566 0.411-0.780

OS, overall survival; HR, hazard ratio; Cl, confidence interval; LUAD, lung adenocarcinoma; LUSC, lung squamous cell cancer.

in glucose, bile acid, and phosphate homeostasis have
been extensively studied in various disease, including
malignant tumor. It is acknowledged that FGF19 regulates
the metabolism of bile acids through the KLB receptor
complex, and FGF19 has been reported to be associated
with the occurrence of HCC (18). Other research has
revealed (19) that FGF19 stimulates tumor progression
by activating the STAT3 pathway and targeting FGF19-
FGFR4 pathway, and this may provide a potential basis
for improving the treatment of liver cancer. Another study
has found that breast cancer cells with high expression
of FGF19 can secrete higher levels of FGF19, thereby
triggering multiple intracellular signaling pathways
through the receptor (20). Moreover, FGF19 might be a
key contributor to the autocrine FGF19/FGFR4 signaling
pathway in HNSCC, and FGF19-based therapies have a
promising future (16).

© Journal of Thoracic Disease. All rights reserved.

The discovery that FGFs regulate multiple of biological
functions has precipitated the recent emergence of FGF19-
based therapies as promising therapeutic approaches for
the treatment of a variety of chronic diseases and malignant
cancer (6,10,21). As an endocrine ligand, FGF19 has
a more specific selective affinity to FGFR4 than other
FGFR members, and thus various drugs targeting the
FGF19-FGFR4 pathway (10,11,22) are being investigated.
The current therapeutic options include anti-FGF19
mimics or variants, such as M70, specifically designed to
eliminate FGFR4 binding (19). M70 is an engineered, non-
tumorigenic FGF19 that preserves biological function
but does not promote tumor formation. Research has
attested to the potential of using it as a selective modulator
to suppress FGF19-dependent tumor growth. With
demonstrated efficacy in animal models and tumor patients,
therapeutic approaches using FGFR4-specific inhibitors
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Table 3 stratified analysis of FGF19 and clinicopathological characteristics with OS

Clinicopathologic features Total (n=187) P value HR 95% ClI
Age (y)
<65 67 0.067 1.426 0.976-2.085
>65 120 0.018 1.949 1.119-3.395
Sex
Female 125 0.034 1.515 1.032-2.224
Male 62 0.028 1.819 1.067-3.100

Alcoholic history
Yes 64 0.38 1.284 0.736-2.240
No/unknown 123 0.001 1.896 1.282-2.804

Smoking history

Yes 48 0.83 0.932 0.489-1.776

No/unknown 139 0.0001 2.053 1.425-2.959
Histology type

LUAD 120 0.033 1.529 1.034-2.260

LUSC 67 0.066 1.631 0.968-2.750

Pathological grade
Good/moderate 86 0.15 1.396 0.886-2.197
Poor 101 0.005 1.89 1.215-2.938

Tumor size (cm)

<3 90 0.007 1.862 1.182-2.932

>3 97 0.128 1.401 0.907-2.164
Tumor site

Left 73 0.09 1.53 0.936-2.501

Right 114 0.012 1.682 1.121-2.524

Lymph node metastasis
Present 115 0.02 1.586 1.074-2.340
Absent 72 0.072 1.638 0.957-2.802
Vascular thrombus
Present 28 0.34 1.485 0.660-3.344
Absent 159 0.003 1.674 1.194-2.347
Neural invasion
Present 15 0.158 2.482 0.703-8.765
Absent 172 0.005 1.595 1.156-2.201

Table 3 (continued)
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Table 3 (continued)
Clinicopathologic features Total (n=187) P value HR 95% ClI
Pleural invasion
Present 33 0.266 1.543 0.718-3.317
Absent 154 0.004 1.654 1.173-2.333
T stage
T1+T2 147 0.05 1.419 1.001-2.012
T3+ T4 40 0.005 2.714 1.349-5.463
TNM stage
I+ 1 110 0.054 1.512 0.993-2.304
11l 77 0.011 1.887 1.159-3.073
OS, overall survival; HR, hazard ratio; Cl, confidence interval; LUAD, lung adenocarcinoma; LUSC, lung squamous cell cancer.
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Figure 7 Prognostic nomograms for OS in NSCLC. OS, overall survival; NSCLC, non-small cell lung cancer.

such as BLU9931 (18,23) and H3B-6527 (24), are paving
the way in suppressing hyperactive FGF19-FGFR4
signaling in malignant tumors. In addition, non-specific
FGEFR inhibitors such as lenvatinib (E7080) (13,25) and
ponatinib (26,27) might have a promising future in cancer
treatment, but require more clinical and pharmacological
testing. FGFR monoclonal antibodies directed against FGF

© Journal of Thoracic Disease. All rights reserved.

or FGFR are also in clinical development (28). Several FGFR
inhibitors that have entered early-phase trials shown the non-
selectivity and side effects from pan-FGFR inhibition, mainly
from the on-target toxicity and hyperphosphatemia (18).
Further studies that will assess the safety issues and
therapeutic effects of FGF19 are eagerly anticipated.
Although many challenges will inevitably arise, the future of
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FGF19-based therapy is promising.

In our study we found the expression of FGF19
is significantly upregulated in NSCLC. Besides, we
discovered that the expression of FGF19 correlated with
CNV amplification and enhanced FGF19 expression
predicted poor OS in NSCLC patients. In addition,
stratified analysis found that the expression of FGF19
and the clinicopathological characteristics related to OS
were significantly correlated with age, alcohol history,
smoking history, LUAD, poor pathological grade, tumor
size, lymph node metastasis, vascular thrombus, neural
invasion, pleural invasion, T stage, and TNM stage, which
indicates the joint prediction significance for patients with
these clinicopathological characteristics. ThisOur research
supports the value of FGF19 as an independent prognostic
indicator for thosethese NSCLC patients undergoing
surgical resection. Whereas, the problem of postoperative
recurrence of NSCLC patients is also one of the key
concerns of clinicians. We only explored the correlation of
FGF19 with the overall survival due to the incomplete data
of PFS, and this is the limitation of the study. As a member
of an atypical subfamily of FGFs, the concentration of
FGF19 can be detected in peripheral blood in both healthy
people and the patients (6). Further exploration should
focus on whether FGF19 could be used as a biomarker for
early screening of NSCLC, the detective value of FGF19 in
peripheral blood of NSCLC patients, and the correlation
between FGF19 and recurrence of NSCLC. One recent
study (29) explored the clinical outcomes and genomic data
of 179 advanced epidermal growth factor receptor (EGFR)-
mutated NSCLC patients undergoing first-line treatment of
EGFR tyrosine kinase inhibitors (TKIs), and revealed that
the amplification of FGF19 was significantly associated with
poor clinical outcomes in these EGFR-mutated NSCLC
patients. From the perspective of clinical doctors, future
work should focus on exploring the resistance mechanisms
and creating methods to reverse drug resistance in these
EGFR-mutated patients with high FGF19 expression/
amplification.

Conclusions

Our research demonstrated that FGF19 expression is
significantly enhanced in NSCLC patients and that the
overexpression of FGF19 is correlated with shorter OS
in NSCLC, especially the LUAD subtype. FGF19 might
therefore serve as a potential biomarker for predicting poor
survival in NSCLC patients.

© Journal of Thoracic Disease. All rights reserved.
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