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ABSTRACT
◥

Purpose: In REFLECT, lenvatinib demonstrated an effect on
overall survival (OS) by confirmation of noninferiority to sorafenib
in unresectable hepatocellular carcinoma. This analysis assessed
correlations between serum or tissue biomarkers and efficacy out-
comes from REFLECT.

Experimental Design: Serum biomarkers (VEGF, ANG2,
FGF19, FGF21, and FGF23) were measured by ELISA. Gene
expression in tumor tissues was measured by the nCounter Pan-
Cancer Pathways Panel. Pharmacodynamic changes in serum
biomarker levels from baseline, and associations of clinical out-
comes with baseline biomarker levels, were evaluated.

Results: Four hundred and seven patients were included in the
serum analysis set (lenvatinib n ¼ 279, sorafenib n ¼ 128);
58 patients were included in the gene-expression analysis set
(lenvatinib n ¼ 34, sorafenib n ¼ 24). Both treatments were
associated with increases in VEGF; only lenvatinib was associat-

ed with increases in FGF19 and FGF23 at all time points.
Lenvatinib-treated responders had greater increases in FGF19
and FGF23 versus nonresponders at cycle 4, day 1 (FGF19: 55.2%
vs. 18.3%, P ¼ 0.014; FGF23: 48.4% vs. 16.4%, P ¼ 0.0022,
respectively). Higher baseline VEGF, ANG2, and FGF21 corre-
lated with shorter OS in both treatment groups. OS was longer
for lenvatinib than sorafenib [median, 10.9 vs. 6.8 months,
respectively; HR, 0.53; 95% confidence interval (CI), 0.33–0.85;
P-interaction ¼ 0.0397] with higher baseline FGF21. In tumor
tissue biomarker analysis, VEGF/FGF-enriched groups showed
improved OS with lenvatinib versus the intermediate VEGF/FGF
group (HR, 0.39; 95% CI, 0.16–0.91; P ¼ 0.0253).

Conclusions:Higher baseline levels of VEGF, FGF21, andANG2
may be prognostic for shorter OS. Higher baseline FGF21 may be
predictive for longer OS with lenvatinib compared with sorafenib,
but this needs confirmation.

Introduction
Lenvatinib is a multikinase inhibitor targeting vascular endothelial

growth factor (VEGF) receptors 1–3, fibroblast growth factor (FGF)

receptors 1–4, platelet-derived growth factor receptor-a (PDGFRa),
KIT, and RET, with a distinct in vitro kinase inhibitory profile and
kinase binding mode compared with sorafenib (1–5). Until the
approval of lenvatinib in 2018, sorafenib remained the only approved
first-line systemic treatment for patients with unresectable hepatocel-
lular carcinoma (uHCC; ref. 6). Results from the IMbrave150 study
showed that atezolizumab plus bevacizumab improved outcomes
versus sorafenib (7), indicating that new options are widening the
treatment landscape for uHCC. Presently, recommended and pre-
ferred first-line standard-of-care systemic therapies for hepatocellular
carcinoma (HCC) include sorafenib and lenvatinib, and atezolizumab
plus bevacizumab (8).

In the global, randomized, open-label, phase III REFLECT
study, lenvatinib demonstrated noninferiority versus sorafenib for
the first-line treatment of patients with uHCC in overall survival
(OS) outcomes [hazard ratio (HR), 0.92; 95% confidence interval
(CI), 0.79–1.06]. The median OS was 13.6 months (95% CI, 12.1–
14.9) in the lenvatinib arm versus 12.3 months (95% CI, 10.4–13.9)
in the sorafenib arm. In addition, treatment with lenvatinib signif-
icantly (P < 0.0001) improved progression-free survival [median:
7.4 months (95% CI, 6.9–8.8) vs. median: 3.7 months (95% CI, 3.6–
4.6)], time to progression [median: 8.9 months (95% CI, 7.4–9.2) vs.
median: 3.7 months (95% CI, 3.6–5.4)], and objective response rate
[24.1% (95% CI, 20.2–27.9) vs. 9.2% (95% CI, 6.6–11.8)] based on
modified Response Evaluation Criteria in Solid Tumors (mRECIST;
ref. 9).

Lenvatinib is a distinct type V kinase inhibitor; in preclinical
models, it inhibits both VEGF- and FGF-driven angiogenesis and
has demonstrated antiproliferative activity against HCC cell lines
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dependent on the FGF signaling pathway (4, 10). Additionally, lenva-
tinib has been shown to induce HCC cell death via FGF receptor
(FGFR) inhibition under nutrient- and oxygen-starved conditions,
which mimic the tumor microenvironment under angiogenesis inhi-
bition (11). Lenvatinib has also demonstrated increased antitumor
activity compared with sorafenib against HCC xenograft tumors
overexpressing VEGF (12).

The molecular heterogeneity of HCC provides a challenge in
biomarker identification (13). One of the main targets for treatment
in HCC is the angiogenic activity of the disease (14). Therefore,
prognostic and predictive biomarkers can be found not only in the
cancer cell itself, but also in the tumor microenvironment or serum.
Among many cancer-associated signaling pathways, the VEGF
signaling cascade pathway has been implicated in the pathogenesis
of HCC (15). Additionally, the FGF signaling pathway may be
involved as FGFR4 is mainly expressed in liver tissue. Studies
suggest overexpression of the FGFR4 receptor and amplification
of FGF19 contribute to HCC progression (16, 17). In this analysis,
we evaluated serum and tumor tissue biomarkers using samples
collected from the phase III REFLECT study and assessed correla-
tions between those biomarkers and clinical outcomes, in order
to identify potential biomarkers associated with clinical benefit
and/or resistance, and to elucidate pharmacodynamic differences
between sorafenib and lenvatinib.

Materials and Methods
Study design

The study design for the phase III open-label, multicenter, noninfer-
iority REFLECT study (ClinicalTrials.gov identifier NCT01761266)
has been reported previously (9). Briefly, from March 1, 2013 to
July 30, 2015, 954 eligible patients with uHCC who had not received
prior therapy for advanced disease were randomized (1:1) to receive
oral lenvatinib (12 mg/day if bodyweight ≥ 60 kg or 8 mg/day if
bodyweight < 60 kg) or sorafenib 400 mg twice daily in 28-day
cycles. Patients provided written informed consent before under-
going any study-specific procedures. Relevant institutional review
boards approved the study, which was done in accordance with the
Declaration of Helsinki and local laws. The primary endpoint was

OS. Secondary endpoints were progression-free survival, time to
progression, objective response rate, patient-reported outcomes,
and plasma pharmacokinetics. The data cutoff for the primary
analysis was November 13, 2016.

Serum biomarker analysis
Serum samples were taken from patients in the REFLECT study

who consented to serum biomarker assessment. Samples were
collected at baseline, cycle 1 day 15, and cycles 2–4 day 1, and
were stored at �20�C or below until assayed. Biomarker assays for
VEGF, angiopoietin-2 (ANG2), FGF19, FGF21, and FGF23 were
performed on serum samples using enzyme-linked immunosorbent
assays (ELISA). VEGF, ANG2, FGF19, FGF21, and FGF23 were
assayed at baseline and posttreatment (cycle 1 day 15, and cycles
2–4 day 1). Details on the ELISAs used can be found in the
Supplementary Appendix.

Tumor tissue biomarker analysis
Archival tumor tissue samples were collected from patients in the

REFLECT studywho consented to tumor tissue biomarker assessment.
Archival tumor samples from the most recent surgery or biopsy were
collected at any time during the study, unless material was not
available. If the entire tumor block could not be provided, 10 slides
of 5-mm-thick tissue sections and 3–5 slides of 10-mm-thick tissue
sections were provided. Procedures and medications that patients
received between therapy initiation and tissue sample collection are
listed in Supplementary Table S1.

Total RNA was isolated from tumor tissue samples for gene-
expression analysis. Macrodissection was performed before extraction
of total RNA if tumor content in the sample was less than 50%. Tumor
samples for gene expression were analyzed using the nCounter Pan-
Cancer Pathways Panel (NanoString Technologies Inc.; Supplemen-
tary Excel) with 29 custom genes [ANGPT2, TEK, KDR, FLT4, CDH2,
KRT18, SNAI1, SNAI2, TWIST1, TWIST2, VIM, ZEB1, ZEB2, GAS6,
AXL, SDF1 (CXCL12), CXCR4, CSF1, GLUT1 (SLC2A1), MCT1
(SLC16A1),MCT4 (SLC16A4), PDH (PDP1), PDK1, LDHA, NANOG,
SOX2, NOTCH4, PD-L1 (CD274), and PD-1 (PDCD1)]. Pathway
enrichment analysis was conducted on the sets of genes identified as
having expression levels that were nominally significantly associated
with OS in the lenvatinib and sorafenib treatment arms. For this
analysis, 12 canonical pathways and 1 cancer driver panel predefined
by the PanCancer Pathways Panel, along with 1 additional angiogenic
and growth factor pathway defined by our group, were used. Thirty-six
genes were selected given their roles in the angiogenic and growth
factor pathway (ANGPT1, ANGPT2, FGF1, FGF2, FGF3, FGF4, FGF5,
FGF6, FGF7, FGF8, FGF9, FGF10, FGF11, FGF12, FGF13, FGF14,
FGF16, FGF17, FGF18, FGF19, FGF20, FGF21, FGF22, FGF23, FGFR1,
FGFR2, FGFR3, FGFR4, FIGF, FLT1, FLT4, KDR, PGF, TEK, VEGFA,
and VEGFC).

Clustering analysis was performed using baseline expression levels
of these 36 genes, the predefined cancer driver panel and other genes
involved in transcriptional regulation, and Wnt and DNA-repair
pathways. In the clustering analysis, the distancematrix was calculated
using the Manhattan method, and the dendrogram was generated
using Ward’s method. From the dendrogram generated in the clus-
tering analysis, three subgroups (VEGF-enriched, FGF-enriched, and
intermediate) were identified in each treatment arm. The OS for each
group identified in the clustering analysis were compared by plotting
Kaplan–Meier curves. Baseline serum biomarker levels were also
compared among subgroups identified by the clustering analysis in
either lenvatinib, sorafenib, or combined arms.

Translational Relevance

Biomarker identification in hepatocellular carcinoma (HCC)
is challenging because of the molecular heterogenicity of HCC.
Advanced disease is primarily diagnosed by radiologic criteria
rather than by tumor biopsy. This paucity of available tumor
tissue further hampers biomarker discovery, leading to an in-
creased focus on evaluating serum biomarkers in advanced
HCC. Identifying biomarkers predictive of treatment effect
could be clinically useful in guiding therapeutic decisions.
The baseline serum level of FGF21 is a candidate predictive
biomarker for longer overall survival with lenvatinib versus
sorafenib. This analysis aimed to further elucidate pharmaco-
dynamic differences in the mechanism of action of lenvatinib
from that of sorafenib. In contrast to sorafenib, lenvatinib
demonstrated evidence of inhibition of the FGFR family and
a greater magnitude of VEGFR inhibition. These results suggest
the inhibitory activity of lenvatinib against FGFR may contrib-
ute to its increased tumor response.

Biomarker Analysis Following Lenvatinib in Unresectable HCC
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Statistical analysis
The intent-to-treat (ITT) population included all patients ran-

domized to treatment. The serum analysis set included all patients
with at least 1 serum biomarker measurement at any time point.
The gene-expression analysis set included all patients with a tumor
gene-expression biomarker measurement.

All analyses were noted in the statistical analysis plan, and
all statistical analyses were performed using SAS (version 9.3).
Clustering analysis of gene-expression profiles was performed using
R version 3.3.2 by R Foundation for Statistical Computing. Per-
centage changes in serum biomarker levels from baseline to cycle
1 day 15 and cycles 2–4 day 1 were summarized using medians
and analyzed using the one-sample Wilcoxon signed-rank test for
each treatment arm. The two-sample Wilcoxon rank-sum test was
used to compare the distribution of changes in levels between the
treatment arms.

Correlation analyses of pharmacodynamic changes of serum bio-
marker levels from baseline with best overall response [(complete
response/partial response) vs. (stable disease/progressive disease/
other)] based on mRECIST using independent imaging review assess-
ments were performed using two-sampleWilcoxon rank-sum tests for
each treatment arm. Correlation analyses of baseline serum biomarker
levels with OS were performed using univariate Cox regression for
each treatment arm. HRs were expressed as an increase in 1 standard
deviation in baseline values.

OS was assessed using Kaplan–Meier estimates. OS differences
between treatment arms were examined using the univariate Cox
regression model for subgroups divided on the basis of baseline and
changes in biomarker levels: low (0%�<25%), middle (≥25%�<75%),
or high (≥75%�100%). Cutoffs were determined by visual inspection
of Kaplan–Meier curves or minimum P values from a log-rank test.
Dichotomized analyses (cutoff at third quartiles) of baseline levels of
each serum biomarker and OS were performed using univariate Cox
regression and log-rank test to investigate possible prognostic bio-
markers for OS. Correlation analysis of baseline levels of ANG2 and
FGF21 with OS by HCC etiology was performed using the univariate
Cox regression analysis, and subsequent dichotomized analysis using
the third quartile cutoff. Also, multivariate Cox regression analysis

with treatment arm, biomarker category, and their interaction was
conducted to explore predictive biomarkers for OS.

Gene lists were generated using the results of the univariate Cox
regression for OS for the pathway enrichment analysis. The signifi-
cance of pathway/panel enrichment was evaluated by Fisher exact test
based on both the 13 pathways/panels in the PanCancer Pathways
Panel and the additional angiogenic and growth factor pathway
defined by our group. Correlation analysis of gene-expression levels
of FGF ligands with progression-free survival was performed using
univariate Cox regression for each treatment arm. False discovery rate
adjustments (Benjamini–Hochberg) were utilized for all gene-
expression analyses. Given the exploratory nature of our study, all
statistical significance demonstrated and reported in this analysis was
nominal.

Results
Patients

Eligible patients (N ¼ 954) were randomized to receive lenvatinib
(n ¼ 478) or sorafenib (n ¼ 476) in the ITT population of the
REFLECT study. In the serum analysis set (n ¼ 407), 279 patients
received lenvatinib and 128 patients received sorafenib (Fig. 1). In the
gene-expression analysis set (n ¼ 58), 34 patients received lenvatinib
and 24 patients received sorafenib; this sample size was decreased from
114 patients due to insufficient amounts of DNA/RNA extracted from
available tumor tissue. Demographic and baseline characteristics of all
patients are shown in Supplementary Table S2. There were differences
in demographic and baseline characteristics between the serum anal-
ysis set and the ITT population. Approximately 33% of the ITT
population was from the western region in both treatment arms,
whereas 48% and 56% of the serum analysis set were from the western
region in the lenvatinib and sorafenib arms, respectively. In the ITT
population, compared with the serum analysis set, the percentage of
White patients was lower (28% in lenvatinib and 30% in sorafenib vs.
42% in lenvatinib and 48% in sorafenib), whereas the percentage of
Asian patients was higher (70% in lenvatinib and 69% in sorafenib vs.
55% in lenvatinib and 48% in sorafenib). The percentage of patients
with hepatitis B virus was higher in the ITT population than in the

Total patients on studya

N = 954 

Consent for blood (n = 540)
Lenvatinib (n = 281); sorafenib (n = 259)

Consent for blood samples and
tumor tissue (n = 119)

Lenvatinib (n = 68; sorafenib: n = 51)

Tumor tissue availabled (n = 114)
Lenvatinib (n = 65); sorafenib (n = 49)

Gene expression assay completede (n = 58)
Lenvatinib (n = 34); sorafenib (n = 24)

Gene expression analysis set

Serum sample availableb (n = 407)
Lenvatinib (n = 279); sorafenib (n = 128)

Serum assay completedb (n = 407)
Lenvatinib: (n = 279); sorafenib (n = 128)

Serum analysis set

Histology review passed (n = 80)
Lenvatinib (n = 47); sorafenib (n = 33)

Analyzedc (n = 395)
Lenvatinib (n = 267); sorafenib (n = 128)

Analyzed (n = 58)
Lenvatinib (n = 34); sorafenib (n = 24)

ITT population

Biomarker analysis set

Figure 1.

CONSORT diagram. aA total of 41.7% (n ¼ 398) of
patients in the overall study (n ¼ 954) had tissue con-
firmation of HCC histology. In the overall study, 95.0%
(n¼ 378) of patientswho had tissue confirmation of HCC
histology consented for tissue analyses. bFewer blood
serum samples were obtained from the sorafenib arm
until the clinical study protocol was amended to clarify
that samples were to be collected uniformly across both
arms. cBaseline samples were unavailable for 12 patients
in the lenvatinib arm, who were therefore excluded from
the correlation analyses. dOnly tissues available (n¼ 114)
at the cutoff date for sample collection (July 15, 2016)
were used for biomarker analyses. eSample sizes were
decreased due to the insufficient amounts of DNA/RNA
extracted from tumor tissues. HCC, hepatocellular car-
cinoma; ITT, intent-to-treat.
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serum analysis set (53% in lenvatinib and 48% in sorafenib vs. 36% in
lenvatinib and 26% in sorafenib).

The proportion of Asian patients was larger in the ITT popu-
lation versus the gene-expression analysis set (approximately two
thirds vs. one third), which, in turn, likely led to a difference in the
percentage of patients with hepatitis B virus (approximately 50% in
the ITT population vs. approximately 30% in the gene-expression
analysis set) as hepatitis B is highly prevalent in Asia (18). In
addition, the percentage of patients with baseline alpha-fetoprotein
(AFP) levels ≥200 ng/mL was approximately 39% to 46% in the
ITT population in the sorafenib and lenvatinib arms, respectively,
versus 17% to 24% in the gene-expression analysis set. Differences
in median AFP levels were observed between the lenvatinib
and sorafenib arms in the gene-expression analysis set (22.1 vs.
3.3 ng/mL), the serum analysis set (74.8 vs. 27.6 ng/mL), and the
ITT population (131.1 vs. 71.2 ng/mL).

Pharmacodynamic changes in serum biomarkers
Overall, pharmacodynamic analysis confirmed different target

engagement between lenvatinib and sorafenib. Both lenvatinib and
sorafenib treatments resulted in increases in VEGF levels versus
baseline, which reflect inhibition of the VEGF receptors (VEGFR) by
both agents, although the magnitude of change was greater for
lenvatinib compared with sorafenib. There was a median change from
baseline of 57.8% at cycle 1, day 15 to 34.2% at cycle 4, day 1 with
lenvatinib versus 35.7% to 18.1% at the respective time points with
sorafenib (Fig. 2; Supplementary Table S3). Conversely, only len-
vatinib treatment resulted in increases in FGF19 (median change
from baseline of 14.5% at cycle 1, day 15 to 31.8% at cycle 4, day 1),

and FGF23 levels (median change from baseline of 15.8% at
cycle 1, day 15 to 30.6% to cycle 4, day 1) from baseline during
treatment at all time points, which highlights the differential activity
of lenvatinib versus sorafenib against the FGFR family. Addition-
ally, ANG2 levels were also seen to decrease from baseline only in
the lenvatinib group, which suggested that TIE-2 signaling was
influenced by lenvatinib and not sorafenib. No significant changes
in FGF21 levels from baseline were observed in either treatment
arm (data not shown).

Associations of changes in levels of pharmacodynamic
biomarkers and tumor response

In the lenvatinib arm, pharmacodynamic changes in FGF19 and
FGF23 were associated with tumor responses (complete response/
partial response vs. stable disease/progressive disease/other; Fig. 3;
Supplementary Fig. S1). Patients who achieved an objective response
in the lenvatinib arm had a greater median percentage increase from
baseline in FGF19 (55% vs. 18%; P¼ 0.014) and FGF23 levels (48% vs.
16%; P ¼ 0.002) compared with patients who did not achieve an
objective response at cycle 4, day 1. A weaker trend was observed at
cycle 3, day 1 (Supplementary Table S4). There were no significant
observable trends in FGF19 and FGF23 between patients with objec-
tive response compared with patients with no objective response in the
sorafenib arm, with the exception of FGF23 at cycle 2 day 1 (�21% vs.
�7.5%; P¼ 0.0128) and at cycle 4, day 1 (�20% vs. 9.3%; P¼ 0.0269).
At these time points, there was a decrease in FGF23 levels in the
responders compared with the nonresponders. Larger decreases in
ANG2 at cycle 3, day 1 and cycle 4, day 1 were observed in responders
compared with nonresponders in the lenvatinib arm. There were no
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Percentage changes in levels of serumbiomarkers frombaseline. � , P <0.05 vs. baseline; †,P <0.01 vs. baseline; z,P <0.0001 vs. baseline; x, P <0.05 between the LEN
and SOR arms. ANG2, angiopoietin-2; C, cycle; D, day; FGF, fibroblast growth factor; LEN, lenvatinib; SOR, sorafenib; VEGF, vascular endothelial growth factor.
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observable trends in ANG2 levels between responders and non-
responders in the sorafenib arm.

Association of baseline biomarker levels and OS
The distribution of baseline levels of serum biomarkers appeared

similar, with only minor variations observed between the two treat-
ment arms (Supplementary Fig. S2). Higher baseline levels of VEGF,
ANG2, and FGF21 were associated with shorter OS in both treatment

arms by Cox regression analysis (Table 1). Upon evaluation of three
groups (low, 0%�<25%; middle, ≥25%�<75%; or high, ≥75%�100%)
with differing serum biomarker levels, a significant difference in OS
was observed between the lenvatinib arm and the sorafenib arm in
patients with high FGF21 (HR, 0.53; 95% CI, 0.33–0.85; Fig. 4A).
Additionally, a difference in OS was also observed between treatment
arms in patients with high ANG2 (HR, 0.64; 95% CI, 0.41–
1.00; Fig. 4A). A cutoff level of 75% was used for the dichotomized
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analysis for baseline ANG2 and FGF21 levels because differences inOS
were observed between the lenvatinib arm and the sorafenib arm in
patients with high FGF21 (≥75%–100%; Fig. 4A). Median OS for
patients with high baseline ANG2 levels was numerically longer in the
lenvatinib arm versus the sorafenib arm (median 9.4 months; 95% CI,
7.0–13.6; vs. 7.7 months; 95% CI, 6.1–9.6, respectively; Supplementary
Fig. S3; Fig. 4A). Dichotomized analysis also showed different associa-
tions between OS and treatment for baseline ANG2 levels (P-inter-
action ¼ 0.075; Supplementary Table S5); ANG2 levels trend as
predictive of response, although not reaching statistical significance.

For patients with high baseline FGF21 levels, median OS was
longer in the lenvatinib arm versus the sorafenib arm (median
10.9 months; 95% CI, 8.2–13.1 vs. 6.8 months; 95% CI 4.6–10.3,
respectively; Fig. 4B). Multivariate analysis of baseline serum
biomarker levels with OS demonstrated that high FGF21 levels are
correlated with shorter median OS regardless of the treatment arm
(HR, 2.475; 95% CI, 1.565–3.922 with lenvatinib, P¼ 0.0001 vs. HR,
2.475; 95% CI, 1.279–4.808 with sorafenib, P ¼ 0.0072; Supple-
mentary Table S6).

When serum biomarker analyses were conducted in subgroups of
HCC etiology [hepatitis B virus (HBV), hepatitis C virus (HCV), and
alcohol], both ANG2 and FGF21 were significantly correlated with OS
in patients with an etiology of HBV (Supplementary Table S7). By
dichotomized analysis at the third quartile cutoff point, high baseline
FGF21 levels were associated with shorter median OS regardless of
HBV or HCV etiology in the lenvatinib arm (Supplementary Fig. S4).
Additionally, high baseline ANG2 levels were associated with shorter
medianOS in theHBV etiology subgroup, but not in theHCV etiology
subgroup. In the sorafenib arm, high baseline ANG2 levels were
associatedwith shortermedianOS regardless ofHBVorHCVetiology;
high baseline FGF21 levels were associated with shorter median OS in
the HBV etiology subgroup, but not in the HCV etiology subgroup.

Tumor tissue gene-expression analysis of the angiogenesis and
growth factor pathway

Clustering analysis was performed on baseline expression profiles of
all available tumor samples from lenvatinib and sorafenib combined
arms (Supplementary Fig. S5), and three subgroups with unique
patterns of gene expression were identified; one had high expression
levels of a family of FGF ligands, another had high expression levels of
VEGF-A, and the third had relatively lower expressions for both FGF
ligands and VEGF-A. Among the three groups, one subgroup (high
FGF ligand) showed longer OS compared with the other subgroups,
suggesting association of the gene-expression signature with OS. From
this analysis, patients in the lenvatinib and sorafenib armswere divided
into three groups by clustering analysis using the Manhattan meth-
od (19, 20) based on expression levels of the same set of 36 genes
consisting of the angiogenic and growth factor pathway: Group 1

[VEGF-enriched, lenvatinib arm (41.2%) and sorafenib arm (45.8%)],
group 2 [FGF-enriched, lenvatinib arm (20.6%) and sorafenib arm
(20.8%)], and group 3 [intermediate expression of VEGF and FGF,
lenvatinib arm (38.2%) and sorafenib arm (33.3%); Supplementary
Fig. S6]. Although the groups were small, the distribution of patients
among all groups was similar in both treatment arms. The Kaplan–
Meier plot identified which of these subgroups had the longest OS in
either the lenvatinib or sorafenib arm. In the lenvatinib arm, patients in
group 2 (high expression of FGF ligands at baseline) appeared to
experience longer OS, followed by patients in group 1 (the VEGF-
enriched group). In patients treated with sorafenib, patients in group 3
with intermediate expression levels of VEGF and FGF ligands
appeared to experience longer OS. No statistical analyses were per-
formed for each of the three groups due to the small group sizes. In an
effort to generate larger groups, these three groups were condensed
into two groups [e.g., groups 1 and 2 (VEGF- and FGF-enriched) vs.
group 3 (intermediate expression levels of FGF and VEGF)] and log-
rank tests of OS between the two groups were conducted for each
treatment arm (Fig. 5). The group enriched for higher expression of
VEGF and FGF genes was associated with improved OS in the
lenvatinib arm compared with the intermediate group (23.2 months
vs. 8.4 months; HR, 0.39; 95% CI, 0.16–0.91; P ¼ 0.0253). On the
contrary, the VEGF- and FGF-enriched groups showed shorter OS
compared with the intermediate group in the sorafenib arm
(13.2 months vs. not estimable; HR, 14.55; 95% CI, 1.87–113.14;
P ¼ 0.0009).

Baseline serum biomarker levels were compared among groups
(VEGF-enriched, FGF-enriched, and intermediate) identified by the
clustering analysis of tumor gene-expression profiles in the lenva-
tinib and sorafenib combined arms (Supplementary Table S8).
VEGF levels were high in the VEGF-enriched group, and FGF19
levels were high in the FGF-enriched group. In addition, both
ANG2 and FGF21 levels were high in the VEGF-enriched group.

In addition, associations between FGF ligand gene-expression
levels with progression-free survival as assessed by mRECIST using
independent imaging review are shown as forest plots in Supple-
mentary Fig. S7. In the lenvatinib arm, HRs for all FGF ligands
except FGF2 and FGF7 were <1, suggesting high expression levels of
FGF ligand genes were associated with prolonged progression-free
survival.

Tumor tissue gene-expression analysis using 13 canonical
cancer pathways

Pathway enrichment analysis was conducted for the sets of genes
where expression levels were significantly associated with OS by Cox
regression analysis in the separate lenvatinib and the sorafenib treat-
ment arms. Associations with OS were identified in transcriptional
regulation, Wnt, and DNA-repair pathways for the lenvatinib arm, and

Table 1. Association of baseline biomarker levels with OS.a

Lenvatinib Sorafenib
Marker n HR (95% CI) P n HR (95% CI) P

VEGF 259 1.181 (1.055–1.321) 0.0037 128 1.306 (1.036–1.647) 0.0240
ANG2 266 1.436 (1.283–1.607) <0.0001 127 1.466 (1.269–1.693) <0.0001
FGF19 260 1.103 (0.946–1.286) 0.2094 128 1.179 (0.981–1.417) 0.0795
FGF21 261 1.275 (1.130–1.438) <0.0001 126 1.467 (1.213–1.774) <0.0001
FGF23 265 0.861 (0.738–1.005) 0.0572 126 0.849 (0.665–1.086) 0.1921

Abbreviations: ANG2, angiopoietin-2; CI, confidence interval; FGF, fibroblast growth factor; VEGF, vascular endothelial growth factor.
aCox proportional hazardmodel including standardized baseline valuewas used for each treatment group. Hazard ratios are based on comparison between high and
low baseline biomarker levels and are expressed as an increase in 1 standard deviation in baseline values.
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in the cancer driver gene panel for the sorafenib arm (Supplementary
Table S9). For the suggested associations identified in the pathway
enrichment analysis, clustering analysis was conducted. Patient sub-
groups identified by clustering analysis in the lenvatinib arm appeared to
have different resulting OS benefits (Supplementary Fig. S8; red, blue,
and green bars on the heat map) in theWnt and DNA-repair pathways.

Discussion
The REFLECT study, which was the first positive phase III study in

first-line uHCC since sorafenib was approved, demonstrated lenvati-
nib was noninferior to sorafenib in terms of OS (HR, 0.92; 95% CI,
0.79–1.06). This subsequent exploratory biomarker analysis suggests
that the clinical activity of lenvatinib involves a distinct mechanism of
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action comparedwith sorafenib in patients with advanced uHCC, with
unique inhibition of FGFR, andmore potent inhibition ofVEGFRwith
lenvatinib.

The identification of biomarkers with predictive value is crucial in
guiding appropriate therapy selection in patients with uHCC. Bio-
marker studies are generally limited due to the lack of available tumor
tissue samples because a tissue biopsy is typically not required to
diagnoseHCC (21). In our analysis, serumbiomarker assays forVEGF,
ANG2, FGF19, FGF21, and FGF23 were conducted both at baseline
and post-treatment. No consistent changes in FGF21 levels from
baseline were found in either treatment arm. The observed differences
in serum biomarker changes between the lenvatinib and sorafenib
arms support the distinct target kinase-inhibitory profiles of each
agent. Although both lenvatinib and sorafenib treatments resulted in
increases in VEGF levels, the magnitude of change was greater with
lenvatinib, which has been more potent against VEGFR in preclinical
studies (1). Additionally, the lenvatinib arm showed decreases in
ANG2 levels, as well as increases in levels of FGF19 and FGF23, which
is supportive of lenvatinib inhibition of FGFR4 and FGFR1,
respectively (22–24). FGF19 and FGF23 levels increased more in

patients who achieved an objective response compared with those
who did not achieve an objective response in the lenvatinib arm. A
subsequent analysis, evaluating the relationship between OS and
objective response in the REFLECT study, demonstrated that objective
response was an independent predictor of OS in patients with HCC
regardless of the treatment arm (25).

Results of this analysis were consistent with the antitumor activity of
lenvatinib observed in HCC xenograft models (12) consisting of
aggressive VEGF overexpressing tumors. In addition, lenvatinib inhib-
ited tumor FGF signaling pathways in HCC xenograft models and
suppressed proliferation of HCC cell lines with an activated FGF
signaling pathway (10). Also, lenvatinib induced cell death of HCC cell
lines overexpressing FGF19 under a nutrient-depleted culture condi-
tion used to mimic the tumor microenvironment after angiogenesis
inhibition (11).

In this analysis, results showed that higher levels of baseline VEGF,
ANG2, and FGF21 may be prognostic for shorter OS, in patients with
uHCC, regardless of treatment. Results from dichotomized analyses
suggest that high baseline ANG2 and FGF21 levels were associated
with shorter OS in both HBV and HCV etiologies for HCC in the
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sorafenib arm except for baseline FGF21 levels in the HCV subgroup.
In the lenvatinib arm, high baseline ANG2 and FGF21 levels were
associated with shorter OS in both HCC etiologies except for baseline
ANG2 levels in the HCV subgroup. Additionally, high baseline ANG2
and FGF21 levels were associated with shorter OS in the HBV etiology
subgroups across both arms. Clinical studies have demonstrated that
ANG2 is an independent biomarker of poor prognosis in patients with
HCC, with highANG2 levels being associated with shorterOS (26, 27).
High levels of VEGF at baseline were also associated with shorter
OS (26).

Median OS was numerically longer in patients who had high
baseline levels of ANG2 with lenvatinib compared with sorafenib,
which may be related to the decrease in ANG2 levels seen only with
lenvatinib. In addition, higher baseline levels of FGF21 may be
predictive of longer OS with lenvatinib compared with sorafenib. This
observation was not seen with FGF19 or FGF23. Although this may be
due to a small sample size, it is important to note that FGF19, FGF21,
and FGF23 eachhave distinct roles in biology andmore specifically, the
pathogenesis ofHCC (28). FGF19 has been identified as a cancer driver
in a subgroup of patients with uHCC (16), and FGF23 has been
described as a pharmacodynamic biomarker for FGFR inhibitors in
patients with cancer (29). A significant association was reported
between baseline serum FGF19 levels and treatment response to
lenvatinib in a biomarker analysis of uHCC patients treated with
lenvatinib or sorafenib (30). However, the sample size (n ¼ 27)
included in the study is small, emphasizing the importance for further
biomarker analysis. In another HCC study involving lenvatinib treat-
ment (31), median serum FGF19 levels at baseline were similar
between patients with objective response (n ¼ 35) and patients with
no objective response (n ¼ 39). However, increases in serum FGF19
levels during treatment were associated with a response in patients
receiving lenvatinib. These results are consistent with our findings that
pharmacodynamic increases in FGF19 levels were associated with
tumor responses in the lenvatinib arm. The details of FGF210s inter-
actions in HCC are largely unknown (28). FGFR inhibition by
lenvatinib may contribute to improved OS in patients with high
baseline levels of FGF21 compared with sorafenib. Multivariate anal-
ysis of baseline FGF21 levels with OS suggests that FGF21 may be an
independent prognostic factor for OS. These results are hypothesis
generating and warrant further investigation to evaluate the role of
FGF21 in HCC.

Analysis of gene-expression patterns with an emphasis on angio-
genesis and growth factor signaling pathway genes identified three
subgroups in HCC. Interestingly, the longest median OS among the
three subgroups in the lenvatinib arm was observed in patients with
high expression levels of FGF ligands, followed by those with high
expression levels of VEGF. Conversely, the longest median OS in the
sorafenib arm was observed in patients with intermediate expression
levels of VEGF and FGF ligands. Although these results should be
interpreted with caution given the small number of evaluable samples,
they support the distinct mechanism of action of lenvatinib from
sorafenib and are consistent with the changes in levels of pharmaco-
dynamic biomarkers (VEGF, FGF ligands, and ANG2) in the lenva-
tinib arm. These results further support that targeting the FGF and
VEGF signaling pathways is important in the treatment of HCC.

This analysis was limited by the small sample of patients available
for the biomarker analyses. Moreover, more patients in the lenvatinib
arm than in the sorafenib arm were included in the biomarker analysis
set. The number of patients was particularly small in the gene-
expression analysis set, which was further complicated by any proce-
dures and medications that patients may have received between

therapy initiation and sample collection. These procedures and med-
ications were not controlled for and could have affected results, as
intra-arterial therapies can alter themicroenvironment and biomarker
expression patterns. The efficacy of lenvatinib may involve additional
signaling pathways, and it is important to continue to investigate its
mechanism of action. Of note, lenvatinib has demonstrated immu-
nomodulatory activity and potentiation of the antitumor activity of
programmed death receptor-1 (PD-1) inhibitors in syngeneic HCC
mouse models, which supports combination treatment with pembro-
lizumab, a PD-1 inhibitor (32). This observation is supported by
clinical data demonstrating a significant response rate (36% by
RECIST v1.1) with the combination of lenvatinib and pembrolizumab
in advanced HCC (33). Further hypotheses could be raised from the
differences in tumor gene-expression patterns of genes involved in
transcriptional regulation, Wnt, and DNA-repair pathways in the
lenvatinib arm, and the cancer driver gene panel in the sorafenib arm;
these factors may affect OS benefits for each drug treatment and may
incite future study of novel combinations.

In conclusion, serum biomarker and gene-expression levels
appeared to correlate with survival outcomes among patients with
evaluable samples from REFLECT. This analysis was limited by the
small number of patients with evaluable samples, and the variation in
baseline characteristics between the gene-expression analysis set and
the ITT population. However, the differences in baseline character-
istics between these groupswere understandable andmost likely due to
the small size of the gene-expression analysis set. Despite these
limitations, multivariate analysis of important clinical prognostic
factors in HCC supports our results. Of note, data were analyzed by
mRECIST per a blinded independent review. In patients with unre-
sectable HCC who had not received prior systemic therapy for
advanced disease, lenvatinib demonstrated clinical activity based on
a mechanism of action that is distinct from sorafenib. Specifically,
lenvatinib demonstrated clinical evidence of FGFR inhibition and
stronger inhibition of angiogenesis pathways (VEGFR and TIE-2/
ANG2). ANG2 and TIE-2 are selectively expressed on endothelial cells
and are increasedwith enhanced tumor angiogenesis. Lenvatinib could
lead to decreases in both ANG2 and TIE-2, without direct TIE-2
inhibition, based on its potent angiogenesis inhibition and resultant
decrease in endothelial cells.

These results suggest that the inhibitory activity of lenvatinib against
FGFR may contribute to the increased tumor response, and FGF21
may be a candidate biomarker predictive of longer OS with lenvatinib.
Interestingly, it appears that lenvatinib may perform better in the poor
prognosis subgroups independent of the specific pathway, due to its
increased activity overall and similarity to the overall study population
results. These results are hypothesis generating and warrant further
study. The ongoing phase III LEAP-002 study (NCT03713593),
evaluating lenvatinib versus lenvatinib plus pembrolizumab in
advanced HCC, will provide further material for investigation.
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