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Abstract

BACKGROUND

Fibroblast growth factor 19 (FGF-19) is one of the founding members of the
endocrine FGF subfamily. Recently, it has been the subject of much interest owing
to its role in various physiological processes affecting glucose and lipid
metabolism and the regulation of bile acid secretion as well as cell proliferation,
differentiation, and motility. Additionally, FGF-19 secretion in an autocrine style
has reportedly contributed to cancer progression in various types of malignancies
including hepatocellular carcinoma (HCC).

AIM
To estimate the serum FGF-19 concentrations in HCC cases and assess its
diagnostic performance for the detection of HCC.

METHODS

We recruited 90 adult participants and divided them into three equal groups:
Healthy controls, cirrhosis patients, and HCC patients. Serum FGF-19 concen-
trations were measured using the Human FGF-19 ELISA kit.

RESULTS

We detected a high statistically significant difference in serum FGF-19 levels
among the three groups. The highest level was observed in the HCC group,
followed by the cirrhosis and control groups (236.44 + 40.94 vs 125.63 + 31.54 vs
69.60 = 20.90 pg/mL, respectively, P < 0.001). FGF-19 was positively correlated
with alpha fetoprotein (AFP; r = 0.383, P = 0.003) and international normalised
ratio (r = 0.357, P = 0.005), while it was negatively correlated with albumin (r = -
0.500, P <0.001). For the detection of HCC, receiver operating characteristic curve
analysis showed that the best cut-off point of AFP was > 8.2 ng/mL with an area
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under the curve (AUC) of 0.78, sensitivity of 63.33%, specificity of 83.33%, positive predictive
value (PPV) of 79.2%, negative predictive value (NPV) of 69.4%, and total accuracy of 78%.
However, FGF-19 at a cut-off point > 180 pg/mL had an AUC of 0.98, sensitivity of 100%,
specificity of 90.0%, PPV of 90.0%, NPV of 100%, and total accuracy of 98%.

CONCLUSION
FGF-19 represents a possible novel non-invasive marker for HCC. It may improve the prognosis of
HCC patients due to its utility in several aspects of HCC detection and management.

Key Words: Fibroblast growth factor 19; FGF-19; Fibroblast growth factors; Tumour biomarkers;
Hepatocellular carcinoma; Detection; Cirrhosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We recruited 90 adult participants and divided them into three equal groups: Healthy controls,
cirrhosis patients, and hepatocellular carcinoma (HCC) patients. We detected a high statistically
significant difference in fibroblast growth factor 19 (FGF-19) levels among the three groups, with the
highest level occurring in the HCC group, followed by the cirrhosis and control groups (236.44 + 40.94 vs
125.63 + 31.54 vs 69.60 + 20.90 pg/mL, respectively, P < 0.001). For the detection of HCC, receiver
operating characteristic curve analysis showed that FGF-19 demonstrated a better diagnostic performance
than alpha fetoprotein (area under the curve = 0.98 vs 0.78). Consequently, we can conclude that FGF-19
represents a possible novel non-invasive marker for HCC.

Citation: Mohamed GA, Nashaat EH, Fawzy HM, ElGhandour AM. Assessment of fibroblast growth factor 19 as a
non-invasive serum marker for hepatocellular carcinoma. World J Hepatol 2022; 14(3): 623-633
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INTRODUCTION

Fibroblast growth factor 19 (FGF-19) is one of the founding members of the endocrine FGF subfamily
[1]. Recently, it has been the subject of much interest owing to its role in various physiological processes
affecting glucose and lipid metabolism and bile acid secretion as well as cell proliferation, differen-
tiation, and motility[2-4]. Additionally, FGF-19 secretion in an autocrine style has reportedly
contributed to cancer progression in various types of malignancies including hepatocellular carcinoma
(HCO)[5-9].

FGF-19 has a restricted pattern of expression. It is mostly expressed in the terminal ileum in response
to the bile-acid-stimulated intestinal Farnesoid X receptor (FXR)[10], and then, through the portal
circulation to the liver, it attaches to its receptor, fibroblast growth factor receptor 4 (FGFR4), and a co-
factor known as p-klotho. This action initiates the transcription of various genes that negatively regulate
bile acid synthesis through the downregulation of CYP7A1[11].

Although FGF-19 is formed principally in the ileum and FGF-19 expression is almost absent in the
human liver under normal conditions, current studies propose that FGF-19 may be autocrined by
human hepatocytes under cholestatic conditions, peritumoral tissue cirrhosis, and HCC. The secretion
of FGF-19 in these conditions demonstrates the protective negative feedback of FGF-19 in order to guard
hepatocytes from the cytotoxicity of bile acids[12-14] and the promotion of the development and
progression of HCC by bile acids through mTOR dependent mechanisms[15]. This beneficial effect of
the FGF-19 pathway has also been proposed in other studies in FXR-/-knock out mice that developed
hepatic malignancies, which were inhibited by the expression of an FXR transgene in the intestine[16].
This effect indicates the protective aspect of Fgf15 (the mouse homolog of human FGF-19) in relation to
hepatic malignancies. Additionally, Fgf15/FGF19 mediated hepatic regeneration in mice in other
studies[17,18].

However, the higher expression of FGF-19 in HCC patients has been found to promote tumour cell
survival and has antiapoptotic impacts that are applied through the FGFR4-glycogen synthase kinase
(GSK)3B-Nrf2 signalling pathway[19]. Moreover, Kang et al[20] showed that a distinctive molecular
subtype of FGF-19 is correlated with a poor prognosis in HCC patients. In addition, Cui et al[21] and
Zhao et al[22] reported that Fgf15 and FGF-19, respectively, promoted the progression of HCC by
stimulating epithelial-mesenchymal transition and Wnt/p-catenin cascade, which is linked to tumour
aggression and mortality. Furthermore, previous data has pointed to FGF-19 as a promoter of liver stem
cells in HCC patients, as noted in the robust association between FGF-19 and EpCAM, which is a
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moderator of cell adhesion and signalling and a special biomarker for liver cancer stem cells[23,24].
Additionally, confirmation of the role of FGF-19 signalling in HCC progression arises from the tumour-
preventing effect of the selective FGFR4 inhibitor BLU9931 in a mouse HCC model with implanted FGF-
19-producing, FGFR4-expressing hepatic cells[25]. These results suggest that FGF-19 may be implicated
in tumour development in HCC cases.

Since FGF-19 is a serum protein secreted by HCC cells in an autocrine loop style, and systemic
concentrations of FGF-19 have been found to reflect its portal concentrations[14,26], we aimed to
estimate the serum FGF-19 concentrations in HCC cases and assess the diagnostic performance of FGF-
19 for the detection of HCC.

MATERIALS AND METHODS

This observational study was conducted at Ain Shams University Hospitals in Cairo, Egypt from March
2021 to September 2021. This study was performed in accordance with the ethics principles of the
Declaration of Helsinki and was authorised by the ethics board of the Faculty of Medicine, Ain Shams
University (No. FMASU MS 66/2021). Written informed approval was obtained from all the
participants before they were enrolled in the study.

We consecutively recruited 90 adult participants and divided them into three equal groups: Healthy
controls, cirrhosis patients, and HCC patients. Patients with any malignant disease other than HCC
were excluded. None of the HCC cases had either neoadjuvant chemotherapy or radiotherapy.

Diagnosis of cirrhosis and HCC

Cirrhosis was diagnosed according to laboratory parameters, clinical manifestations, and/or histological
criteria[27]. HCC was identified through contrast-enhanced imaging studies and/or histological criteria
as per the practice guidelines[28].

Measurement of serum FGF-19 concentrations

The serum FGF-19 concentrations were measured using the Human FGF-19 ELISA kit (SunRed
Biological Technology Co. Ltd., Shanghai, China, Catalogue # 201-12-2199) with a sensitivity of 2.032
pg/mL, assay range of 2.5-700 pg/mL, intra-assay coefficient of variability (CV) <10%, and inter-assay
CV <12%.

Statistical methods

Data were analysed using the Statistical Package for Social Science (IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp). The qualitative variables are shown as numbers and
percentages, while the quantitative variables are shown as the mean, standard deviation, or median and
interquartile range, as appropriate. The differences among the groups were calculated using the Chi-
square test, Fisher exact test, independent t-test, one-way ANOVA test, or Kruskal-Wallis test, as
appropriate. A receiver operating characteristic (ROC) curve analysis was applied to assess the
diagnostic performance of FGF-19 and alpha fetoprotein (AFP) for HCC detection. A P value of less than
0.05 was considered statistically significant.

RESULTS

This study included 90 participants divided into control, cirrhosis, and HCC groups. The HCC group
was comprised of 19 males (63.3%) and 11 females (36.7%), with a mean age of 57.37 years. In the
cirrhotic group, there were 20 males (66.7%) and 10 (33.3%) females, with a mean age of 53.57 years. The
control group included 18 males (60%) and 12 females (40%), with a mean age of 51.07 years (Table 1).
According to the Child-Pugh class, 14 of the HCC cases (46.7%) belonged to Class C, while 18 (60%) of
the cirrhotic cases belonged to Class A (P = 0.002, Table 1). There were statistically significant
differences among the three groups concerning AFP, haemoglobin, platelets, alanine aminotransferase,
aspartate aminotransferase (AST), albumin, international normalised ratio (INR), fasting blood glucose,
and bilirubin (Table 1).

We detected a high statistically significant difference in the FGF-19 levels of the three groups. The
highest level occurred in the HCC group, followed by the cirrhosis and control groups (236.44 + 40.94 vs
125.63 + 31.54 vs 69.60 + 20.90 pg/mL, respectively, P < 0.001; Table 1, Figure 1). There were seven HCC
patients with negative AFP; however, they had elevated FGF-19 levels (> 180 pg/mL). Serum FGF-19
levels were not significantly different according to the Child-Pugh class in the cirrhosis and HCC
groups (Table 2).

The tumour characteristics of the HCC cases are shown in Table 3. Serum FGF-19 levels were higher
in relation to the size of the tumour, the presence of portal vein thrombosis, jaundice, lower limb
oedema, and weight loss; however, these differences did not reach statistical significance (Table 4). FGF-
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Table 1 Characteristics of all participants

Control (n=30)  Cirrhosis (n=30) HCC (n = 30) Pvalue Post-hoc analysis
Age (yr) 51.07 +12.38 53.57 +10.48 57.37 +10.25 0.091
Sex Female 12 (40%) 10 (33.3%) 11 (36.7%) 0.866
Male 18 (60%) 20 (66.7%) 19 (63.3%)
Aetiology of hepatic disease HCV (n =18, 60%) HCV (n =25, 83.33%) 0.691
HBV (n=7,23.3%) HBV (n=3,10%)
Others (n=5,16.6%) Others (n =2, 6.66%)
Child-Pugh Class Class A 18 (60%) 5 (16.7%) 0.002
Class B 6 (20%) 11 (36.7%)
Class C 6 (20%) 14 (46.7%)
Fibroblast growth factor 19 (pg/mL) 69.60 +20.90 125.63 + 31.54 236.44 +40.94 <0.001 P1< 0.001
P2 < 0.001
P3 < 0.001
Alpha fetoprotein (ng/mL) 3.35(2.5-4.5) 64 (4-6.9) 513.5 (5.6 - 1500) <0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001
Haemoglobin (g/dL) 13.16 £1.24 10.68 £1.11 10.49 £1.59 <0.001 P1 < 0.001
P2 < 0.001
P3 =0.588
White blood cells (10%/L) 7.09 +2.01 6.37 £2.27 5.86 £2.43 0.109
Platelets (10°/L) 288.10 +£92.79 144.17 + 48.27 136.13 + 43.78 <0.001 P1 < 0.001
P2 < 0.001
P3 =0.636
Alanine aminotransferase (U/L) 20.67 £7.02 65.47 +33.00 52.97 £23.25 <0.001 P1 < 0.001
P2 < 0.001
P3 = 0.044
Aspartate aminotransferase (U/L) 23.23 £12.69 49.87 +£24.78 45.93 +20.02 <0.001 P1 < 0.001
P2 < 0.001
P3 =0.444
Creatinine (mg/dL) 0.90 +0.22 0.99+0.36 1.11+0.51 0.112
Urea (mg/dL) 21.70 +7.37 30.10 +18.82 32.97 +25.17 0.057
Albumin (g/dL) 3.96 +0.34 3.33+0.53 2.65+0.43 <0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001
INR 1.09+0.11 1.54+0.24 1.85+0.36 <0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001
Bilirubin (mg/dL) 0.75+0.26 1.80+0.74 1.97 £0.42 <0.001 P1< 0.001
P2 < 0.001
P3=0.211
Fasting blood glucose (umol/L) 519+0.19 4.46+0.28 4.46+0.28 <0.001 P1< 0.001
P2 < 0.001
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P3 =1.000

HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; INR: International normalised ratio.

Table 2 Serum fibroblast growth factor 19 levels in the cirrhosis and hepatocellular carcinoma groups according to Child-Pugh score

Child-Pugh Class Cirrhosis (n = 30) HCC (n=30)

Fibroblast growth factor 19 (pg/mL) Class A 129.311 (+ 38.01) 223.320 (+ 37.39)
Class B 123.383 (+ 21.51) 230.209 ( 30.96)
Class C 116.833 (+ 15.69) 246.029 (+ 48.71)
P value 0.7046 0.479

HCC: Hepatocellular carcinoma.

Table 3 Tumour characteristics of hepatocellular carcinoma cases

HCC (n = 30)
Size <2cm 3 (10%)
2-3 cm 17 (56.7%)
>5cm 10 (33.3%)
Number of tumour foci Single 10 (33.3%)
2-3 9 (30%)
Multiple 11 (36.7%)
Portal vein thrombosis No 21 (70%)
Yes 9 (30%)
Metastasis No 27
Yes 3

HCC: Hepatocellular carcinoma.

JBaishideng®

19 was positively correlated with AFP (r = 0.383, P = 0.003) and INR (r = 0.357, P = 0.005), while it was
negatively correlated with albumin (r = -0.500, P < 0.001; Table 5, Figure 2).

For the detection of HCC, the ROC curve analysis showed that the best cut-off point of AFP was > 8.2
ng/mL with an area under the curve (AUC) of 0.78, sensitivity of 63.33%, specificity of 83.33%, positive
predictive value (PPV) of 79.2%, negative predictive value (NPV) of 69.4%, and total accuracy of 78%.
However, FGF-19 at a cut-off point > 180 pg/mL had an AUC of 0.98, sensitivity of 100%, specificity of
90.0%, PPV of 90.0%, NPV of 100%, and total accuracy of 98% (Table 6, Figure 3).

DISCUSSION

HCC is the third highest cause of tumour death globally, with a 5-year survival rate of approximately
20% despite the developments in imaging technologies and therapeutic methodologies[29]. Unfortu-
nately, the majority of HCC patients are diagnosed at an advanced stage of disease; therefore, early
recognition of the disease is crucial to improving the prognosis and overall survival of patients[24].
Tumour markers have commonly been utilised for numerous objectives, such as diagnosis, follow-up
care after treatment, optimisation of therapeutic effectiveness, and prediction of prognosis. Earlier
studies have identified various serum markers for HCC which can be applied as diagnostic and
prognostic markers for HCC. Although the assessment of these biomarkers is not essential for
establishing a conclusive diagnosis of HCC as per the guidelines, these biomarkers play a key role in
HCC diagnosis and monitoring[28,30,31]. However, it has been found that AFP, which is the most
studied marker, may remain in the normal range not only in the early stages, but also in the advanced
stages of HCC[32]. Moreover, an increase of AFP is occasionally detected in cirrhotic patients.
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Table 4 Serum fibroblast growth factor 19 levels according to variables in the hepatocellular carcinoma group

FGF-19 pg/mL (mean * SD) P value

Size <2cm 219.9 £51.79 0.254
2-3 cm 229.2 +36.06
>5cm 253.72 + 44.39

Number Single 234.17 +36.38 0.885
2-3 242.28 + 45.69
Multiple 233.74 +44.22

Portal vein thrombosis No 230.55 + 39.13 0.235
Yes 250.2 + 44.08

Right upper quadrant pain No 237.171 + 41.026 0.885
Yes 234.744 +43.163

Weight loss No 229.132 + 34.285 0.106
Yes 256.550 + 52.793

Pruritus No 239.518 +39.170 0.505
Yes 227.988 +47.214

Jaundice No 226.182 +29.468 0.118
Yes 249.86 + 50.48

Fever No 237.668 + 40.531 0.834
Yes 234.33 +43.54

Oedema No 228.945 + 37.054 0.16
Yes 251.44 +46.12

FGF-19: Fibroblast growth factor 19.

Considering these two facts, alternative serum markers with high levels of sensitivity and specificity are
needed.

It has previously been reported that FGF-19 may be associated with the pathogenesis and clinical
characteristics of HCC[12,24]. Thus, we aimed to investigate the diagnostic utility of FGF-19 in HCC
cases. We observed significantly higher serum FGF-19 levels in the HCC group compared to the control
and cirrhosis groups. Serum FGF-19 levels were also higher in relation to the size of the tumour and
presence of portal vein thrombosis; however, these differences did not reach statistical significance
owing to the small sample size.

In accordance with our results, Maeda et al[12] detected higher serum levels of FGF-19 in their HCC
group (214.5 pg/mL) compared to the cirrhosis group (100.1 pg/mL, P < 0.001) and the control group
(78.8 pg/mL, P = 0.002). However, no statistically significant difference was detected between the
cirrhotic cases and controls in their study.

Similar to the current results, Li ef al[24] detected significantly higher serum FGF-19 levels in the HCC
group compared to the control group (145.57 + 118.72 vs 90.18 + 13.88 pg/mL, P = 0.044). They also
reported that FGF-19 levels were significantly raised in the HCC tissues (57.80 £ 4.39 pg/10 mg total
protein) in comparison to both healthy control tissues (33.29 + 1.53 pg/10 mg total protein, P < 0.001)
and paired peritumoral tissues (46.33 + 2.53 pg/10 mg total protein, P = 0.032). Additionally, FGF-19
mRNA expression was significantly raised in the HCC tissues in comparison to paired peritumoral
tissues (3.30 + 1.82 vs 2.25 * 0.82, respectively, P = 0.025). Moreover, FGF-19 expression increased
significantly with a strong positive correlation (r = 0.968) consistent with the histological severity of
hepatic disease, showing a trend in samples with steatosis (224.13 + 115.68, P = 0.087), steatohepatitis
(413.99 +159.55, P = 0.002), cirrhosis (613.35 + 157.29, P < 0.001), and HCC (2507.28 + 831.10, P = 0.001) in
comparison to the paired peritumoral tissues (142.96 £ 41.32).

Our results are also consistent with those of Sun et al[33], who detected higher FGF-19 levels in the
HCC and diabetes-HCC groups than in the control and diabetes groups (220.5, 185.1, 115.8, and 70.4
pg/mL, respectively, P < 0.001). All these results indicate that FGF-19 may have a role in the
pathogenesis of HCC.
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Table 5 Correlation between fibroblast growth factor 19 and alpha fetoprotein with patients’ laboratory data

AFP FGF-19

r P value r P value
AFP - - 0.383 0.003
FGF-19 0.383 0.003 - -
Age 0.062 0.640 0.125 0.343
Haemoglobin -0.196 0.133 -0.060 0.651
White blood cells -0.064 0.627 -0.144 0.272
Platelets 0.018 0.893 -0.151 0.248
Alanine aminotransferase 0.036 0.786 -0.151 0.249
Aspartate aminotransferase 0.040 0.764 -0.024 0.855
Creatinine -0.164 0.211 0.093 0.480
Urea -0.022 0.867 0.012 0.929
Albumin -0.213 0.102 -0.500 0.000
INR -0.001 0.993 0.357 0.005
Bilirubin -0.093 0.479 0.008 0.952
Fasting blood glucose -0.135 0.477 0.056 0.767

AFP: Alpha fetoprotein; FGF-19: Fibroblast growth factor 19; INR: International normalised ratio.

Table 6 Diagnostic performance of fibroblast growth factor 19 and alpha fetoprotein for differentiation of hepatocellular carcinoma

cases

Cut-off point AUC Sensitivity Specificity PPV NPV
FGF-19 > 180 pg/mL 0.98 100% 90% 90% 100%
AFP >8.2ng/mL 0.78 63.33% 83.33% 79.2% 69.4%

AFP: Alpha fetoprotein; AUC: Area under the curve; FGF-19: Fibroblast growth factor 19; HCC: Hepatocellular carcinoma; NPV: Negative predictive
value; PPV: Positive predictive value.

In line with the results of the current research, Sun et al[33] detected a positive association between
FGF-19 and AFP in HCC patients (P < 0.05). However, Maeda et al[12] found no significant association
between serum FGF-19 concentrations and AFP. Moreover, in partial agreement with the present study,
Wunsch et al[34] observed that serum and hepatic concentrations of FGF-19 were associated with the
severity of hepatic disease, as measured by laboratory parameters including albumin (» =-0.408, P =
0.007), haemoglobin (r =-0.394, P =0.01), AST (r=0.328, P =0.03), and total bilirubin (r=0.577, P <
0.001).

For HCC detection, in the study by Maeda et al[12], the ROC curve analysis determined a cut-off
point of FGF-19 of 200 pg/mL, which had an AUC of 0.795, sensitivity of 53.2%, specificity of 95.1%,
PPV of 95.9%, and NPV of 48.7%. This result was comparable to those of AFP (AUC = 0.827). However,
in the current study, FGF-19 had a better diagnostic performance at a cut-off > 180 pg/mL with an AUC
of 0.98, sensitivity of 100%, specificity of 90%, PPV of 90%, and NPV of 100%.

The current study was limited by a small sample size and a high ratio of patients with advanced
HCC. Further studies are needed to investigate the clinical applications of the current results. FGF-19
could serve as a predictor of prognosis and a marker for follow-up after HCC treatment. Additionally,
the FGF-19 pathway has received increased interest as a possible therapeutic target in chronic liver
diseases[5,35-37]. In fact, anti-FGF-19 antibody therapy has been described as inhibiting HCC evolution
in FGF-19 transgenic mice[38].

Gishidengs WIH | https://www.wjgnet.com 629 March 27,2022 | Volume14 | Issue3 |



Mohamed GA et al. FGF-19 as a non-invasive marker for HCC

350

300

250

200

150

100

Serum FGF-19 levels (pg/mL)

(%)
o

Control Cirrhosis HCC
DOI: 10.4254/wjh.v14.i3.623 Copyright The Author(s) 2022.

Figure 1 Serum fibroblast growth factor 19 levels in the control, cirrhosis, and hepatocellular carcinoma groups. FGF-19: Fibroblast growth
factor 19; HCC: Hepatocellular carcinoma.
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Figure 2 Correlation between serum fibroblast growth factor 19 and alpha fetoprotein. AFP: Alpha fetoprotein; FGF-19: Fibroblast growth factor 19.
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Figure 3 Receiver operating characteristic curves for assessing the diagnostic performance of FGF-19 and alpha fetoprotein for the
differentiation of HCC cases. AFP: Alpha fetoprotein; FGF-19: Fibroblast growth factor 19.

CONCLUSION

FGF-19 could be a possible novel non-invasive marker for HCC. It may improve the prognosis of HCC
patients due to its utility in several aspects of HCC detection and management.
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ARTICLE HIGHLIGHTS

Research background

Fibroblast growth factor 19 (FGF-19) is one of the founding members of the endocrine FGF subfamily.
Recently, it has been the subject of much interest owing to its role in various physiological processes
affecting glucose and lipid metabolism and bile acid secretion as well as cell proliferation, differen-
tiation, and motility. Additionally, FGF-19 secretion in an autocrine style has reportedly contributed to
cancer progression in various types of malignancies including hepatocellular carcinoma (HCC).

Research motivation
Tumour markers for HCC with a high sensitivity and specificity are necessary.

Research objectives
We aimed to estimate the serum FGF-19 concentrations in HCC cases and assess the diagnostic
performance of FGF-19 for the detection of HCC.

Research methods
We recruited 90 adult participants and divided them into three equal groups: Healthy controls, cirrhosis

patients, and HCC patients. Serum FGF-19 concentrations were measured using the Human FGF-19
ELISA kit.

Research results

We detected a high statistically significant difference in the FGF-19 levels between the three groups,
with the highest level occurring in the HCC group, followed by the cirrhosis and control groups (236.44
+40.94 vs 125.63 + 31.54 vs 69.60 £ 20.90 pg/mL, respectively, P < 0.001). For the detection of HCC, ROC
curve analysis showed that FGF-19 produced a better diagnostic performance than alpha fetoprotein
with an AUC of 0.98 vs 0.78.

Research conclusions
FGF-19 may be a possible novel non-invasive marker for HCC.

Research perspectives
FGEF-19 could serve as a predictor of prognosis and a marker for follow-up after HCC treatment.
Furthermore, the FGF-19 pathway may be a therapeutic target for the management of HCC.
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