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【 CASE REPORT 】

Effect of Lenvatinib on a Hepatocellular Carcinoma with
Fibroblast Growth Factor Receptor 4 Expression:

A Case Report and Review of the Literature
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Abstract:
Basic and clinical research have shown that the expression of molecules involved in the hepatocellular car-

cinoma (HCC) cell signaling pathway is related to the sensitivity to molecular-targeted agents. We herein re-

port a case of HCC that was effectively treated with lenvatinib after a poor response to sorafenib. The tumor

showed a high expression of fibroblast growth factor receptor 4, which is reportedly related to the sensitivity

to lenvatinib in vitro. The information obtained from this case and from our literature review highlights the

importance of assessing the expression of the molecules involved in tumors for effective precision medicine.
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Introduction

With the development of various molecular-targeting

agents (MTAs) and immune checkpoint inhibitors, the thera-

peutic options for hepatocellular carcinoma (HCC) have be-

come varied in the past decade (1-4). Although there are

guidelines for the management of HCCs (5), with the treat-

ment approaches depending on hepatic reserve, predictive

biomarkers assessing the therapeutic efficacy of these treat-

ment options need to be studied further in order to optimize

the use of the appropriate agents. For example, the RE-

FLECT trial showed that lenvatinib (LEN), an MTA classi-

fied as a tyrosine kinase inhibitor (TKI), was non-inferior to

sorafenib (SOR), the first approved TKI for advanced

HCC (6). However, biomarkers capable of predicting a pa-

tient’s response to these TKIs for HCC remain largely un-

known.

With increases in the genetic information on HCCs (7),

substantial knowledge concerning the gene expression and

molecular mechanisms has been aggregated (8). Based on

the available information, it has been determined that LEN

inhibits vascular endothelial growth factor receptors

(VEGFRs) 1-3, fibroblast growth factor receptors (FGFRs)

1-4, c-Kit, and ret proto-oncogene (RET) more strongly than

SOR (9-12). Autocrine activation of this FGF signaling in-

volving FGFR4 and its cognate ligand FGF19 is reported in

about 30-50% of HCC patients (13-16). In addition, aberrant

expression of FGF19-FGFR4 have been reported to be cor-

related with tumor progression and a poorer prognosis of

HCC, making them a novel therapeutic target for HCC ther-

apy (17-19). LEN also reportedly inhibits this FGF19-FGFR

4 signaling pathway more efficiently than SOR, as evi-

denced by the half maximal inhibitory concentration (IC50)

for FGFR4 (IC50=43) with LEN being significantly lower

than that of SOR (IC50=3,400) (9).

We herein report a case of HCC expressing a high level

of FGFR4 that showed a favorable response to LEN com-

pared to SOR. The results support the importance of assess-

ing the genetic expression in order to choose the most ap-

propriate MTA.

Case Report

A 69-year-old man with nonalcoholic steatohepatitis was

referred to our hospital with a 12-cm hepatocellular carci-
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Figure　1.　Computed tomography findings of HCC. Arterial 
phase of contrast-enhanced dynamic computed tomography 
(CT) of the primary tumor. A 12-cm, well-enhanced tumor in 
the posterior segment of the liver (black arrows). HCC: hepa-
tocellular carcinoma

Figure　2.　Time-dependent change in CT images. (a-c) CT before the SOR administration. (a) Ab-
dominal CT angiography demonstrated multiple liver tumors (black arrow) and intra-tumoral bleed-
ing of one of the tumors in the liver (black arrowheads). Chest CT demonstrated multiple lung (b, 
black arrow) and mediastinal metastases (c, black arrow). (d-f) CT after two years of SOR and before 
LEN administration. (d) The intrahepatic metastases of HCC (black arrows). The main tumor in the 
liver showed therapeutic effect of TACE (black arrowhead). The progression of the lung (e, black ar-
row) and mediastinal metastases (f, black arrow). (g-i) CT after two months of LEN administration. 
The intrahepatic (g, black arrowhead and black arrows), lung (h, black arrow), and mediastinal me-
tastases (i, black arrow) showed a response to LEN in two months. SOR: sorafenib, LEN: lenvatinib, 
HCC: hepatocellular carcinoma, TACE: transcatheter arterial chemoembolization

noma in the posterior segment of his liver, which was

treated with curative extended right hepatectomy in Decem-

ber 2015 (Fig. 1). The tumor was nodular with an extra-

nodular growth pattern and histologically moderately differ-

entiated without microvascular invasion. Seven months later,

contrast-enhanced computed tomography (CT) showed mul-

tiple intrahepatic, lung, and mediastinal metastases

(Fig. 2a-c). In addition, one of the hepatic lesions showed

intra-tumoral bleeding (Fig. 2a). The courses of the images

of the liver, lung, and mediastinal lesions are shown in

Fig. 2d-i.

As there was no response after 2 courses of continuous

systemic infusion of low-dose cisplatin (CDDP 7 mg/day)

and 5-fluorouracil (5-FU 300 mg/day), SOR was initiated at

400 mg orally, with 2 doses a day. Since then, the lesions

have been controlled with multimodal therapy, including

SOR, transcatheter arterial infusion of cisplatin, and trans-

catheter arterial chemoembolization (TACE). The dose of
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Table　1.　Results of Laboratory Investigation before LEN Adminis-
tration.

Hematology Biochemistry Tumor marker
WBC 5,460 /μL TP 7.6 g/dL AFP 113 ng/mL

RBC 456×104 /μL Alb 4.2 g/dL AFP-L3 61.6 %

Hb 15.3 g/dL BUN 17.0 mg/dL DCP 843.6 ng/mL

PLT 17.3×104 /μL Cre 0.9 mg/dL

T-Bil 1.0 mg/dL

AST 49 IU/L

ALT 60 IU/L

Coagulation LDH 265 IU/L

PT 113 % ALP 310 IU/L

APTT 31.5 s γGTP 185 IU/L

CRP 1.3 mg/dL

LEN: lenvatinib, WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, PLT: 

platelet, PT: prothrombin time, APTT: activated partial thromboplastin time, TP: total 

protein, Alb: albumin, BUN: blood urea nitrogen, Cre: creatinine, T-Bil: total bilirubin, 

AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactate dehydro-

genase, ALP: alkaline phosphatase, γGTP: gamma-glutamyl transpeptidase, CRP: C-re-

active protein, AFP: alpha-fetoprotein, AFP-L3: lectin-reactive alpha-fetoprotein, DCP: 

Des-gamma-carboxy prothrombin

Table　2.　Results of Laboratory Investiga-
tion after LEN Administration.

Hematology Biochemistry
WBC 4,490 /μL TP 7.9 g/dL

RBC 467×104 /μL Alb 4.0 g/dL

Hb 15.5 g/dL BUN 15.0 mg/dL

PLT 16.8×104 /μL Cre 0.9 mg/dL

T-Bil 1.1 mg/dL

AST 62 IU/L

ALT 76 IU/L

Coagulation LDH 231 IU/L

PT 105 % ALP 361 IU/L

APTT 34.4 s γGTP 211 IU/L

CRP 1.7 mg/dL

LEN: lenvatinib, WBC: white blood cell, RBC: red blood 

cell, Hb: hemoglobin, PLT: platelet, PT: prothrombin 

time, APTT: activated partial thromboplastin time, TP: 

total protein, Alb: albumin, BUN: blood urea nitrogen, 

Cre: creatinine, T-Bil: total bilirubin, AST: aspartate ami-

notransferase, ALT: alanine aminotransferase, LDH: lac-

tate dehydrogenase, ALP: alkaline phosphatase, γGTP: 

gamma-glutamyl transpeptidase, CRP: C-reactive protein, 

AFP: alpha-fetoprotein, AFP-L3: lectin-reactive alpha-fe-

toprotein, DCP: Des-gamma-carboxy prothrombin

400 mg was continued, as the tumor showed stable disease

response with the dose and the adverse events of increase of

blood pressure and grade 1 hand-foot skin reaction were

managed with the calcium channel blocker and urea-based

cream.

The metastatic tumor in the lung and mediastinum

showed progressive disease after two years of stability with

SOR (Fig. 2e, f). There was no response to an increased

dose of SOR, and due to the profile of the adverse events

with SOR and based on the expression of FGFR4 in the tu-

mor, the patient was administered LEN at a dose of 12 mg/

day as the secondary treatment, instead of regorafenib,

which carried a risk of similar and more severe adverse

events than SOR (1).

Upon the initiation of this therapy, the laboratory data

showed a mild increase in hepatic enzymes: alpha-

fetoprotein (AFP) of 113 ng/mL and Des-gamma-carboxy

prothrombin (DCP) of 843.6 ng/mL (Table 1). Two months

after the successful continuation of LEN, CT showed a

prominent decrease in hepatic (Fig. 2g), lung (Fig. 2h), and

mediastinal masses (Fig. 2i), showing central necrotic

changes without any enhancement. Tumor markers showed a

significant decrease: AFP and DCP to 20 ng/mL and 205.6

ng/mL, respectively. Fortunately, no significant changes in

the hepatic reserve function were seen after LEN administra-

tion (Table 2).

The clinical course is summarized in Fig. 3. Thus far, the

patient has shown stable disease with LEN therapy and is

alive with a good general condition while continuing the

calcium channel blocker and urea-based cream, with no sig-

nificant adverse events confirmed.

To verify the differences in the therapeutic effect of SOR

and LEN, an immunohistochemical examination of the re-

sected tumor specimen was performed (Fig. 4). While the

tumor was negative for FGFR2 (Fig. 4e) and FGFR3

(Fig. 4f), FGFR4 staining was strongly positive (Fig. 4g)

and platelet-derived growth factor receptor (PDGFR) α
(Fig. 4b), PDGFRβ (Fig. 4c), and FGFR1 (Fig. 4d) showed

mildly positive staining.

Discussion

HCC is the most common type of liver cancer, accounting

for 70-90% of cases, and is one of the leading causes of

cancer-related death worldwide (2, 20, 21). Despite advance-

ments in therapeutic strategies, the response rate and overall



Intern Med 60: 1709-1715, 2021 DOI: 10.2169/internalmedicine.6580-20

1712

Figure　3.　Clinical course of the case. SOR: sorafenib, LEN: lenvatinib, FP: fluorouracil and cispla-
tin, TACE: transarterial chemoembolization, CT: computed tomography, AFP: alpha fetoprotein, 
DCP: Des-gamma-carboxy prothrombin, ALBI: albumin-bilirubin

survival rate are still low (21, 22). To improve the outcomes

of unresectable HCC, various MTAs have been developed

and their efficacy was tested. Among the TKIs used for

HCC, LEN has been reported to more strongly inhibit

VEGFR1-3, FGFR1-4, c-Kit, and RET in HCC than

SOR (10, 11). Potent activity against FGFR4 is a distinctive

feature of LEN compared with SOR, and the IC50 values of

FGFR4 for LEN and SOR are 43 and 3,400, respec-

tively (9).

Although these promising TKIs have been approved and

shown therapeutic effects (1-4), only a few reports have de-

scribed the predictors of a treatment response and survival

in patients treated with TKIs (Table 3). Kim et al. reported

that serum levels of basic fibroblast growth factor (bFGF)

were significantly higher in the progressive disease (PD)

group than in the non-PD group treated with SOR (mean

bFGF 3.07 vs. 1.65 pg/mL; p<0.001) (23). And Finn et al.

reported that patients with higher serum FGF21 levels

(LEN, n=70; SOR, n=27) had a longer overall survival (OS)

in the LEN arm than in the SOR arm (median OS 10.9 vs.

6.8 months; Pinteraction = 0.04) (24). Furthermore, the analyses

of HCC tissue samples (LEN, n=34; SOR, n=24) revealed

that patients with higher VEGF- and FGF-family gene ex-

pression had a longer OS when treated with LEN than when

treated with SOR (25). In addition, the expression of FGF

19-FGFR4 complex was recently shown to enhance the pro-

gression of HCC and to be associated with a poor progno-

sis (13-19, 26, 27). Matsuki et al. also reported that LEN in-

hibited tumor growth by suppressing the FGF signaling

pathway in FGF19-FGFR4-overexpressing HCC cell lines in
vitro and in vivo, and this effect was not seen with SOR ad-

ministration (28). A Phase I clinical trial of specific FGFR4

inhibitor for HCC patients showed an overall response rate

of 17% in FGF19-positive HCC patients and 0% in FGF19-

negative HCC patients. This finding suggests that the ex-

pression of FGF19-FGFR4 can be a therapeutic target, and

since LEN induces a better therapeutic effect for cases of

HCC with FGF-FGFR4 expression than for those without

it (28, 29), FGFR4 expression can be a predictor of thera-

peutic efficacy when using MTAs.

Supporting these results, Yamauchi et al. reported that the

FGFR4 expression in the tumor tissue was significantly re-

lated to the efficacy of LEN on the response and survival

benefit (30). They also showed that the positive immunohis-

tochemistry for FGFR4 in the tumor was a potential predic-

tor of the efficacy of LEN treatment (30). These previous

findings support the outcome in the present case showing a

favorable response to LEN.

However, as SOR inhibits the mitogen-activated protein

kinase pathway through Raf and the extracellular signal-

regulated kinase (ERK) pathway, patients with HCC ex-

pressing high level of phosphorylated ERK showed a longer

time to progression (TTP) when treated with SOR than pa-

tients with low level of phosphorylated ERK (31, 32) (Ta-
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Figure　4.　Results of a histological analysis of the tumor. (a) Hematoxylin and Eosin staining and 
(b-g) representative immunohistochemical staining of (b) PDGFRα, (c) PDGFRβ, (d) FGFR1, (e) 
FGFR2, (f) FGFR3, and (g) FGFR4. Immunohistochemical staining showed mild positivity for 
PDGFRα, PDGFRβ, and FGFR1; negativity for FGFR2 and FGFR3; and strong positivity for 
FGFR4. Black arrows indicate the tumor cells. PDGFR: platelet-derived growth factor receptor, 
FGFR: fibroblast growth factor receptor

ble 3). Therefore, determining these molecules’ expression

in HCC lesions is important for selecting the most appropri-

ate MTA.

In a recent report, combination therapy with the pro-

grammed death ligand 1 inhibitor atezolizumab and the

VEGF inhibitor bevacizumab improved the OS and

progression-free survival in patients with advanced-stage

HCC compared to SOR (33). With progress in our under-

standing of molecular signaling in HCC (34), the urgent

clinical need for predictive biomarkers to guide the effective

use of these therapy options can finally be met.

Our study was limited by the fact that the immunohisto-

chemical analyses were performed using the HCC tumor in

the liver and not the tumors collected from the lung or me-

diastinum, which might have had different characteristics. In

addition, various treatments, including low-dose cisplatin
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Table　3.　Summary of Literatures.

Ref Medication
Number of 

case
Proteins 
assessed

Samples Results

23 SOR 400 mg, BID 124 bFGF Serum Serum bFGF was significantly higher in the 

PD group (n=80, mean bFGF of 3.07 pg/mL) 

than non-PD group (n=44, mean bFGF of 1.65 

pg/mL) in HCC patients treated with SOR.

24 LEN (>60 kg: 12 mg/day; 

<60 kg: 8 mg/day) 

or SOR 400 mg BID

97 (LEN, n=70; 

SOR, n=27)

FGF21 Serum Patients with higher baseline serum FGF21 

levels had a longer OS with LEN than that of 

SOR. (median OS 10.9 vs. 6.8 months; 

Pinteraction=0.04)

25 LEN (>60 kg: 12 mg/day; 

<60 kg: 8 mg/day) 

or SOR 400 mg, BID

58 (LEN, n=34; 

SOR, n=24)

VEGF- and 

FGF-family

Tissue Median OS was longer with LEN with high 

levels of VEGF- and FGF-family expression 

but SOR showed no effect on the group.

30 SOR 400 mg, BID 54 pERK, 

VEGFR2

Tissue High levels of pERK and VEGFR2 expression 

were associated with longer TTP.

31 SOR 400 mg, BID 33 pERK Tissue High level of pERK expression had a longer 

TTP compared to those with lower expression.

SOR: sorafenib, LEN: lenvatinib, BID: twice daily, FGF: fibroblast growth factor, bFGF: basic fibroblast growth factor, VEGF: vascular endothe-

lial growth factor, pERK: phospho extracellular signal-regulated kinase, VEGFR: vascular endothelial growth factor receptor, OS: overall surviv-

al, TTP: time to progression

and 5-fluorouracil, SOR, and TACE, might have modified

the FGFR4 expression in the remaining tumor cells, either

with suppression or further activation. With the increase in

the number of HCC cases treated with LEN (1, 6, 35), ran-

domized trials based on the FGFR expressions in the target

tumors and its inhibitor will guide our management of HCC

cases in a more precise manner (36). In addition, the combi-

nation of these MTAs will bring about a better response in

cases of HCC with molecular heterogeneity.

In summary, we experienced a case of HCC with a high

FGFR4 expression that was effectively treated with LEN af-

ter a poor response to SOR. The results suggest that LEN

should be considered as a first-line treatment in patients

with a high or aberrant expression of FGFR4 while cau-

tiously monitoring for side effects. The accumulation of in-

formation from more cases is necessary; however, the report

indicates the importance of analyzing the gene expression in

tumors to ensure the effective application of precision medi-

cine.

Materials and methods

Standard immunohistochemistry was performed using rab-

bit anti-FGFR1 antibody (#9740, 1:250 dilution; Cell Sig-

naling Technology, Danvers, USA), rabbit anti-FGFR2 anti-

body (#23328, 1:100 dilution; Cell Signaling Technology),

rabbit anti-FGFR3 antibody (#4574, 1:25 dilution; Cell Sig-

naling Technology), mouse anti-FGFR4 antibody (sc-

136988, 1:50 dilution; Santa Cruz Biotechnology, Dallas,

USA), rabbit anti-PDGFRα antibody (#5241, 1:100 dilution;

Cell Signaling Technology), rabbit anti-PDGFRβ antibody

(#4564, 1:100 dilution; Cell Signaling Technology), and a

DAB chromogen tablet (Muto Pure Chemicals, Tokyo, Ja-

pan).

Informed consent was obtained from all individual partici-

pants included in the study.
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