Phase 1b/2 trial of tepotinib in sorafenibpretreated
advanced hepatocellular carcinoma with MET
overexpression
Thomas Decaens, Carlo Barone, Eric Assenat, Martin Wermke, Angelica
Fasolo, Philippe Merle, Jean-Frédéric Blanc, Véronique Grando, Angelo
Iacobellis, Erica Villa, et al.

To cite this version:
Thomas Decaens, Carlo Barone, Eric Assenat, Martin Wermke, Angelica Fasolo, et al.. Phase 1b/2
trial of tepotinib in sorafenibpretreated advanced hepatocellular carcinoma with MET overexpression.
British Journal of Cancer, Cancer Research UK, 2021, �10.1038/s41416-021-01334-9�. �hal-03244360�

HAL Id: hal-03244360
https://hal-univ-paris.archives-ouvertes.fr/hal-03244360
Submitted on 1 Jun 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution| 4.0 International License

www.nature.com/bjc

ARTICLE
Clinical Study

Phase 1b/2 trial of tepotinib in sorafenibpretreated advanced
hepatocellular carcinoma with MET overexpression
Thomas Decaens 1, Carlo Barone2, Eric Assenat3, Martin Wermke4, Angelica Fasolo5, Philippe Merle6, Jean-Frédéric Blanc7,
Véronique Grando8, Angelo Iacobellis9, Erica Villa10, Joerg Trojan11, Josef Straub12, Rolf Bruns13, Karin Berghoff14, Juergen Scheele15,
Eric Raymond16 and Sandrine Faivre17
BACKGROUND: This Phase 1b/2 study evaluated tepotinib, a highly selective MET inhibitor, in US/European patients with
sorafenibpretreated advanced hepatocellular carcinoma (aHCC) with MET overexpression.
METHODS: Eligible adults had aHCC, progression after ≥4 weeks of sorafenib, and, for Phase 2 only, MET overexpression. Tepotinib
was administered once daily at 300 or 500 mg in Phase 1b (‘3 + 3’ design), and at the recommended Phase 2 dose (RP2D) in Phase
2. Primary endpoints were dose-liming toxicities (DLTs; Phase 1b) and 12-week investigator-assessed progression-free survival (PFS;
Phase 2).
RESULTS: In Phase 1b (n = 17), no DLTs occurred and the RP2D was conﬁrmed as 500 mg. In Phase 2 (n = 49), the primary endpoint
was met: 12-week PFS was 63.3% (90% CI: 50.5–74.7), which was signiﬁcantly greater than the predeﬁned null hypothesis of ≤15%
(one-sided binomial exact test: P < 0.0001). Median time to progression was 4 months. In Phase 2, 28.6% of patients had treatmentrelated Grade ≥3 adverse events, including peripheral oedema and lipase increase (both 6.1%).
CONCLUSIONS: Tepotinib was generally well tolerated and the RP2D (500 mg) showed promising efﬁcacy and, therefore, a positive
beneﬁt–risk balance in sorafenibpretreated aHCC with MET overexpression.
TRIAL REGISTRATION: ClinicalTrials.gov: NCT02115373.
British Journal of Cancer https://doi.org/10.1038/s41416-021-01334-9

BACKGROUND
Liver cancer is the third leading cause of cancer-related death
worldwide, with more than 780,000 deaths due to the disease
each year.1 The incidence of hepatocellular carcinoma (HCC),
which accounts for 90% of primary liver cancers,2 is still rising, in
part driven by high rates of chronic viral hepatitis and increasing
obesity-related liver disease.3 HCC detection remains late, and
only ~30–40% of US/European patients have curative treatment
options at the time of diagnosis.4 Many have poor clinical
conditions and an unfavourable prognosis due to underlying liver
dysfunction and/or advanced disease stage, i.e. Barcelona Clinic
Liver Cancer stage C.4,5 There is an urgent unmet need for new
therapies and combinations that can improve patient outcomes in
this setting.
Until recently, sorafenib was the only approved systemic
targeted therapy for advanced HCC (aHCC).6 As ﬁrst-line therapy,
sorafenib provides a modest but signiﬁcant improvement in

overall survival (OS), but its activity is almost universally
hampered by the development of drug resistance.7,8 The options
for aHCC treatment have since expanded: lenvatinib and
atezolizumab + bevacizumab are approved for ﬁrst-line treatment and regorafenib, ramucirumab (in patients with alphafetoprotein [AFP] elevation) and cabozantinib are approved for
use post-sorafenib in both the US and Europe.9–13 In the US,
approvals have also been granted for pembrolizumab and
nivolumab ± ipilimumab in the second-line setting.14–17 Despite
the availability of novel therapies, the overall prognosis for aHCC
is poor.18 Furthermore, dependent on the results of ongoing
trials and drug approvals, greater use of immunotherapies for
upfront therapy may lead to an increased need for effective
treatment options for subsequent lines.6
MET, the tyrosine kinase receptor for hepatocyte growth factor
(HGF), is often dysregulated in HCC, which can promote rapid
tumour growth and aggressive invasiveness.18 Approximately 50%
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of HCCs are reported to harbour MET alterations, including gene
mutation in 4%, gene ampliﬁcation in 24% and overexpression of
mRNA and protein in 50% and 28%, respectively.18 Moreover, MET
expression has been reported to increase following treatment
with sorafenib,19 suggesting that MET overexpression may
contribute to sorafenib resistance. Aberrant MET activation has
been implicated in resistance to vascular endothelial growth factor
receptor (VEGFR) inhibitors in a number of solid tumours.20–22
Following sorafenib treatment, MET overexpression is associated
with a poor prognosis, with signiﬁcantly shorter median OS
compared with aHCC without MET overexpression.23 MET is,
therefore, a therapeutic target in HCC after failure of sorafenib,18
and probably also after other treatments that target the VEGF
pathway.
Tepotinib is an orally available, potent and highly selective
MET inhibitor that has shown pronounced anti-tumour activity in
MET-dependent preclinical models in vivo, in patients with a
range of solid tumours (including HCC), and in patients with
advanced non-small cell lung cancer (NSCLC) with MET exon
14 skipping.24–26 In combination with geﬁtinib, tepotinib
improved efﬁcacy compared with chemotherapy in patients
with advanced, epidermal growth factor receptor (EGFR)-mutant
NSCLC with MET overexpression or MET ampliﬁcation and
acquired resistance to EGFR inhibitor therapy in a randomised
Phase 1b/2 trial27 and a Phase 2 study of tepotinib plus
osimertinib in patients with acquired resistance to ﬁrst-line
osimertinib due to MET ampliﬁcation in an ongoing trial (INSIGHT
2; NCT03940703). Tepotinib in combination with cetuximab is
also being investigated in patients with RAS/BRAF wild-type leftsided metastatic colorectal cancer and acquired resistance to
anti-EGFR antibody-targeted therapy due to MET ampliﬁcation in
a Phase 2 study (NCT04515394).
In HCC, tepotinib has demonstrated preclinical activity in
patient-derived primary liver cancer explants, in which sensitivity
to the drug was associated with MET overexpression.26 These data,
together with the rationale for targeting MET in HCC, led to the
design of two Phase 1b/2 trials of tepotinib in patients with aHCC
with MET overexpression. The trials incorporated Phase 1b parts to
establish the recommended Phase 2 dose (RP2D) of tepotinib in
patients with aHCC and Child–Pugh Class A liver function, who
were excluded from the ﬁrst-in-human Phase 1 trial.24 One of the
Phase 1b/2 trials in aHCC with MET overexpression was conducted
in Asian patients without prior systemic anti-cancer therapy and
demonstrated a signiﬁcant increase in time to progression (TTP)
with tepotinib versus sorafenib.28 Here, we report the second
aHCC Phase 1b/2 study, which investigated tepotinib in Western
patients with MET overexpression who had previously failed
treatment with sorafenib (NCT02115373).
METHODS
Study design and objectives
This was an open-label, multicentre, integrated, Phase 1b/2 trial
conducted across Europe and the US in patients with aHCC who
had failed sorafenib treatment. Phase 1b was an open-label,
single-arm, dose-escalation study with a classic ‘3 + 3’ design, and
the primary objective was to conﬁrm the RP2D of tepotinib. Phase
2 was an open-label, single-arm, non-randomised study to
evaluate the activity of tepotinib in patients with MET overexpression (Supplementary Fig. 1).
All patients provided written informed consent for participation
in the study. The study was done in accordance with the
Declaration of Helsinki, International Council for Harmonisation
guidelines for Good Clinical Practice, local laws and applicable
regulatory requirements. The study was approved by the
institutional review board or independent ethics committee of
each centre.

Patients
In both study phases, eligible patients were ≥18 years old with
aHCC, Child–Pugh Class A liver function score, Eastern Cooperative
Oncology Group performance status 0 or 1, and measurable
disease deﬁned by Response Evaluation Criteria In Solid Tumors
(RECIST) v1.1. Patients were also required to have ≥4 weeks of
prior sorafenib treatment, which was discontinued ≥2 weeks
before tepotinib initiation due to either intolerance or disease
progression. Exclusion criteria included any prior systemic anticancer treatment for aHCC (besides sorafenib) and presence of
symptomatic or untreated brain metastases. Full inclusion and
exclusion criteria are shown in Supplementary Table 1.
In Phase 2, patients were required to have MET overexpression,
based on assessment of a tumour biopsy sample collected after
sorafenib discontinuation and within 28 days before the ﬁrst day of
study treatment. MET overexpression was deﬁned as moderate (2+)
or strong (3+) staining for MET in ≥50% of tumour cells by
immunohistochemistry (IHC) using the pharmDx anti-total MET
(D1C2) rabbit monoclonal antibody (Dako, Agilent Technologies,
Inc., Santa Clara, CA) (Supplementary Table 2). MET status was not
required for Phase 1b, but was determined retrospectively in a
biopsy sample collected within 28 days before the ﬁrst day of study
treatment. MET ampliﬁcation status was determined for patients in
Phase 1b and 2 using formalin-ﬁxed parafﬁn-embedded tumour
material by ﬂuorescent in situ hybridisation. MET ampliﬁcation was
deﬁned as MET:CEP7 ratio ≥2 or mean gene copy number ≥5.
Treatment administration
In Phase 1b, patients received oral tepotinib hydrochloride
hydrate in continuous 21-day cycles at one of two daily dose
levels: 300 and 500 mg (containing 270 and 450 mg, respectively,
of the active moiety in free base form), each given once daily (QD).
Additional patients were enrolled at the RP2D. All patients were
treated QD with the RP2D of tepotinib in the Phase 2 part of the
study. Tepotinib was administered until disease progression,
intolerable toxicity, death or withdrawal from treatment.
Study endpoints and assessments
The primary endpoint in Phase 1b was incidence of dose-limiting
toxicities (DLTs) during Cycle 1. Details of DLTs are deﬁned in
Supplementary Table 3. Pharmacokinetics (PK) endpoints, including Cmax, and area under the concentration–time curve over the
dosing interval at steady state (AUCτ,ss), were evaluated at Cycle 1,
Day 15 as a secondary endpoint in Phase 1b. Selected efﬁcacy
measures were evaluated as secondary endpoints in Phase 1b.
In Phase 2, the primary endpoint was progression-free survival
(PFS) status after 12 weeks of treatment, as assessed by the
investigator per RECIST v1.1. Secondary endpoints included TTP,
time to symptomatic progression, objective response rate (ORR),
disease control rate (DCR) (all investigator-assessed and per
RECIST v1.1), PFS per modiﬁed RECIST v1.1 (investigator-assessed),
OS and biological response (deﬁned as a decrease in AFP >20%).
As sensitivity analyses, PFS and TTP were also evaluated by
independent review. Safety was assessed via reporting of adverse
events (AEs), graded according to National Cancer Institute
Common Terminology and Criteria for Adverse Events v4.0.
In both phases, tumour assessments were performed per RECIST
v1.1 and modiﬁed RECIST29 v1.1 on Day 1 of every second cycle
from Cycle 3 to 13, and Day 1 of every fourth cycle thereafter.
Exploratory endpoints included biomarkers of MET pathway
activity (including MET ampliﬁcation status).
Statistical analysis
Continuous variables, including PK data, were summarised using
descriptive statistics; qualitative variables were summarised by
means of counts and percentages. In both phases, efﬁcacy
endpoints and AEs were analysed in the intention-to-treat/safety
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analysis set (SAS), which includes all patients who were
administered ≥1 dose of tepotinib.
In Phase 1b, DLTs were assessed during Cycle 1 in all patients
who received ≥80% of the planned cumulative dose of tepotinib
and patients who stopped treatment due to a DLT. Patients who
were replaced during Cycle 1 were excluded from the analysis set.
For the Phase 2 primary endpoint, the null hypothesis that the
12-week progression-free rate is ≤15% (based on historical data)23
was tested against a one-sided alternative hypothesis that the 12week progression-free rate is 30%, using a binomial exact test with
an α value of 0.05. A sample size of 48 patients was required to
achieve a power of at least 80%.
Tumour response (best overall response, ORR, DCR) and
biological response were summarised, along with corresponding
two-sided exact Clopper–Pearson 90% conﬁdence intervals (CIs).
Kaplan–Meier estimates of median PFS, TTP, time to symptomatic
progression and OS are presented, along with 90% CIs (calculated
using the two-sided exact Clopper–Pearson method). All statistical
analyses were performed using SAS® Software version 9.4
(Statistical Analysis System, SAS-Institute, Cary, North Carolina, US).
RESULTS
Patients and treatment
Patients were enrolled between May 2014 and February 2017. In
Phase 1b, 24 patients were screened and 17 received treatment:
four patients in the 300 mg cohort and 13 patients in the 500 mg
cohort (Supplementary Fig. 2a). In Phase 2, 155 patients were
screened and 49 were treated with tepotinib 500 mg, forming the
intention-to-treat/SAS (Supplementary Fig. 2b). Baseline characteristics of patients in Phase 1b and 2 were representative of the
target population with aHCC (Table 1). The median duration of
treatment with tepotinib was 2.7 months (range, 0–23 months) in
Phase 1b and 3.02 months (range, 0.03–16.49 months) in Phase 2.
Safety
In Phase 1b, no DLTs occurred in either dose cohort, and the RP2D
was, therefore, conﬁrmed as 500 mg QD. Of 17 patients, 16 (94.1%)
experienced an AE of any cause in Phase 1b, of which ten (58.8%)
experienced Grade ≥3 events of any cause.
In Phase 2, 48 of 49 patients (98.0%) experienced an AE of any
cause; 28 (57.1%) experienced Grade ≥3 AEs of any cause. The
most common AEs of any cause in Phase 2 were peripheral
oedema (65.3%), ascites (34.7%) and diarrhoea (32.7%). Peripheral
oedema was also the most common AE of any cause in Phase 1b
(76.5%).
Three of 17 patients (17.6%) in Phase 1b and 17 of 49 (34.7%) in
Phase 2 permanently discontinued treatment due to AEs of any
cause. These AEs were considered to be treatment-related for one
patient (5.9%) in Phase 1b (peripheral oedema) and eight patients
(16.3%) in Phase 2 (peripheral oedema [n = 5], ascites [n = 1],
aspartate aminotransferase increased [n = 1], blood creatinine
increased [n = 1] and hypoglycaemic coma [n = 1]). Four patients
(23.5%) in Phase 1b and eight (16.3%) in Phase 2 experienced AEs,
of any cause, that led to death. In one instance, this was deemed
by the investigator to be related to study treatment (hypoglycaemic coma, patient in Phase 2). This patient had type 1 diabetes
with a history of multiple insulin medications to manage the
condition.
In Phase 2, AEs related to study treatment were reported in 41
of 49 patients (83.7%); these were Grade ≥3 in 14 patients (28.6%)
(Table 2). The most common treatment-related AEs were
peripheral oedema (38.8%), asthenia (22.4%), fatigue (18.4%),
diarrhoea (16.3%) and nausea (14.3%). The most common Grade
≥3 treatment-related AEs were peripheral oedema (6.1%) and
increased lipase (6.1%). The incidence of treatment-related AEs
was similar in Phase 1b, with 82.4% of patients experiencing at

least one event, and 23.5% experiencing at least one Grade ≥3
event.
Efﬁcacy
In Phase 1b, best overall response was partial response (PR) in two
of 17 patients (11.8%), both treated with 300 mg tepotinib
(Table 3). Objective responses were seen in two of four patients
(50%) in the 300 mg cohort and no patients (of 13; 0%) in the 500
mg cohort. Disease control was seen in two of four patients (50%)
in the 300 mg cohort and four of 13 (30.8%) in the 500 mg cohort;
six of 17 (35.3%) overall. Objective responses were seen in no
patients (n = 1; 0%) with MET IHC 0, one patient (n = 5; 20%) with
MET IHC 1+, one patient (n = 7; 14.3%) with MET IHC 2+ and no
patients (n = 2; 0.0%) with MET IHC 3+. The DCR was 100.0% for
patients with MET IHC 0, 40.0% for MET IHC 1+, 42.9% for MET IHC
2+ and 0% for MET IHC 3+.
At the time of the analysis, 12 of 17 patients (70.6%) had
experienced disease progression and 14 of 17 patients (82.4%)
had died. Median TTP was 2.1 months (90% CI: 1.4–7.2), median
PFS was 1.5 months (90% CI: 1.4–3.7) and median OS was
7.2 months (90% CI: 3.7–10.1).
The primary endpoint of the Phase 2 part of the study was met:
31 of 49 patients (63.3%; 90% CI: 50.5–74.7) were progression-free
(as assessed by the investigator) at 12 weeks, which was
signiﬁcantly greater than the 12-week progression-free rate
prespeciﬁed in the null hypothesis of ≤15% (P < 0.0001). PFS at
Week 12 was consistent across all subgroups, although there was
a trend for better PFS at 12 weeks in patients with MET IHC 3+
(versus 2+), MET ampliﬁcation (versus no MET ampliﬁcation), AFP
elevation at baseline ≥200 µg/L (versus <200) and hepatitis B
virus/hepatitis C virus (HBV/HCV) positivity (versus HBV/HCVnegative; Fig. 1). Median investigator-assessed PFS was 3.4 months
(90% CI: 2.8–4.2; Fig. 2a), and 3.2 months (90% CI: 2–4.6) by
independent review committee. Kaplan–Meier curves suggested a
trend of improved PFS in patients with HBV/HCV-positive status
and possibly in those with MET ampliﬁcation, whereas the PFS
curves appeared to be similar irrespective of MET IHC status
(Supplementary Fig. 3a, c, e).
Of 49 patients assessed for response, one patient (2.0%)
achieved complete response (CR), and three patients (6.1%)
achieved PR, giving an investigator-assessed ORR of 4/49 (8.2%;
90% CI: 2.8–17.7). Additionally, 24 patients (49%) had stable
disease (SD), resulting in a DCR of 28/49 (57.1%; 90% CI: 44.4–69.2;
Fig. 3; Table 3). Of six patients who tested positive for MET
ampliﬁcation, one patient (16.7%) achieved CR, four achieved SD
(66.7%) and one was not evaluable (16.7%; Fig. 3). Among the
eight patients with MET IHC 3+ status, one patient (12.5%) had a
CR and four had SD (50%), for a DCR of 62.5%.
Median investigator-assessed TTP was 4.0 months (90% CI:
2.9–4.2; Fig. 2b). As assessed by independent review committee,
median TTP was 4.2 months (90% CI: 2.6–5.5). At the time of
analysis, 40 patients (81.6%) had died; median OS was 5.6 months
(90% CI: 5.1–8.2; Fig. 2c). There was a trend toward improved OS in
patients who were HBV- or HCV-positive (versus negative),
whereas no clear OS difference was observed with respect to
MET ampliﬁcation or MET IHC status (Supplementary Fig. 3b, d, f).
Of the 45 patients with baseline and post-baseline AFP assessments, 14 (31.1%) were considered as having a biological
response (a decrease in AFP concentration of >20%).
Pharmacokinetics
In the Phase 1b part of the study, AUCτ,ss was 15,200 ng*h/mL
(18.2%) and Cmax was 734 ng/mL (19.6%) for the 300 mg dose
group (values represent the geometric mean and geometric
coefﬁcient of variation). Corresponding values for the 500 mg dose
group were 12,900 ng*h/mL (50.4%) for AUCτ,ss and 677 ng/mL
(44.6%) for Cmax.
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Table 1.

Patient demographics and baseline characteristics (Phase 1b and 2).
Phase 1b

Age, years, median (range)

Phase 2

300 mg/day
(n = 4)

500 mg/day
(n = 13)

Total
(N = 17)

500 mg/day
(N = 49)

65.5 (58−73)

69.0 (51−79)

69.0 (51−79)

66.0 (19−82)

<65 years, n (%)

1 (25.0)

3 (23.1)

4 (23.5)

21 (42.9)

≥65 years, n (%)

3 (75.0)

10 (76.9)

13 (76.4)

28 (57.1)

Sex, n (%)
Male

2 (50.0)

11 (84.6)

13 (76.5)

41 (83.7)

Female

2 (50.0)

2 (15.4)

4 (23.5)

8 (16.3)

White

1 (25.0)

8 (61.5)

9 (52.9)

26 (53.1)

Black

0 (0.0)

0 (0.0)

0 (0.0)

1 (2.0)

Asian

0 (0.0)

0 (0.0)

0 (0.0)

2 (4.1)

Other

0 (0.0)

1 (7.7)

1 (5.9)

0 (0.0)

3 (75.0)

4 (30.8)

7 (41.2)

20 (40.8)

0

3 (75.0)

10 (76.9)

13 (76.5)

25 (51.0)

1

1 (25.0)

3 (23.1)

4 (23.5)

24 (49.0)

Race, n (%)

Missing
ECOG PS at baseline, n (%)

Cause of HCC (investigator-assessed), n (%)
HBV

4 (8.2)

HCV

13 (26.5)

Alcohol-induced cirrhosis

11 (22.4)

Non-alcoholic steatohepatitis
Steatosis

2 (4.1)
2 (4.1)

Othera

16 (32.7)

Missing

1 (2.0)

Vascular invasion, n (%)
Yes

1 (25.0)

5 (38.5)

6 (35.3)

12 (24.5)

No

0 (0.0)

5 (38.5)

5 (29.4)

24 (49.0)

Missing

3 (75.0)

3 (23.1)

6 (35.3)

13 (26.5)

MET IHC, n (%)b
IHC 0

0 (0.0)

1 (7.7)

1 (5.9)

IHC 1+

1 (25.0)

4 (30.8)

5 (29.4)

IHC 2+

3 (75.0)

4 (30.8)

7 (41.2)

41 (83.7)

IHC 3+

0 (0.0)

2 (15.4)

2 (11.8)

8 (16.3)

Missing

0 (0.0)

2 (15.4)

2 (11.8)

0 (0.0)

MET ampliﬁcation, n (%)c
Present

0 (0.0)

0 (0.0)

0 (0.0)

6 (12.2)

Absent
Missing

4 (100.0)
0 (0.0)

10 (76.9)
3 (23.1)

14 (82.4)
3 (17.6)

43 (87.8)
0 (0.0)

<200 µg/L

1 (25.0)

9 (69.2)

10 (58.8)

20 (40.8)

≥200 µg/L

3 (75.0)

3 (23.1)

6 (35.3)

27 (55.1)

Missing

0 (0.0)

1 (7.7)

1 (5.9)

2 (4.1)

AFP elevation, n (%)

Please note, as numbers have been rounded to one decimal place, some columns may not total 100%.
AFP alpha-fetoprotein, ECOG PS Eastern Cooperative Oncology Group performance status, HBV hepatitis B virus, HCC hepatocellular carcinoma, HCV Hepatitis C
virus, IHC immunohistochemistry.
a
Other investigator-assessed root causes of HCC were: metabolic cirrhosis (n = 1), adenomatous hyperplasia (n = 1), hemochromatosis (n = 1), regenerative
nodular hyperplasia (n = 1), previous drug abuse (n = 1); cirrhosis (n = 1); both alcohol-induced cirrhosis and HCV (n = 1) and idiopathic/unknown/none/not
assessable (n = 9).
b
In Phase 1b, patients were not required to have MET overexpression.
c
MET ampliﬁcation is deﬁned as MET:CEP7 ratio ≥2 or mean gene copy number ≥5.
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with HCC with MET overexpression.24,28,30 Preliminary anti-tumour
activity was observed in Phase 1b with tepotinib: two patients
achieved PR and four patients achieved SD. Following results from
Phase 1b, Phase 2 investigated the efﬁcacy and safety of tepotinib
dosed at 500 mg QD in patients with HCC tumours with MET
overexpression who had previously been treated with sorafenib.
The Phase 2 primary endpoint was met: 63.3% of patients
remained alive and progression-free according to investigatorassessment at 12 weeks, which was signiﬁcantly greater than the
≤15% rate prespeciﬁed in null hypothesis (based on historical
data).23 Median PFS was 3.4 months, median TTP was 4.0 months
(both investigator-assessed) and median OS was 5.6 months.
Tepotinib was generally well tolerated, with no new safety
signals identiﬁed. No DLTs were reported in Phase 1b, and
treatment-related AEs were reported in 82.4% of patients overall,
and at Grade ≥3 in 23.5%. The safety proﬁle observed in Phase 2
was consistent with Phase 1b and with other studies of
tepotinib.24,25,28,30 Treatment-related AEs were reported in 83.7%
of patients overall and at Grade ≥3 in 28.6%. The most common
Grade ≥3 treatment-related AEs were peripheral oedema and
increased lipase, which are both known safety signals with
tepotinib.24 The safety proﬁle is encouraging, especially given that
some patients received treatment for >15 months, and makes
tepotinib particularly suited for investigation in combination with
other classes of agent such as immunotherapies.
Although no clear differences in efﬁcacy of tepotinib according
to MET status were evident, 12-week PFS rates were numerically
higher in patients with MET IHC 3+ staining (versus 2+) or MET
ampliﬁcation (versus no ampliﬁcation). The DCR also appeared
more favourable among patients with MET ampliﬁcation relative
to the overall population. Prior reports have suggested that MET
overexpression/ampliﬁcation status may predict response to MET
inhibition.18,31,32 For example, in a Phase 2 study of the MET
inhibitor capmatinib in aHCC, objective response was observed in
3/30 patients (10%) with a less stringent deﬁnition of MET

DISCUSSION
The Phase 1b part of the study conﬁrmed the RP2D of tepotinib as
500 mg QD for the treatment of patients with aHCC who had
previously received sorafenib. This dosing level is consistent with
studies of tepotinib in other tumour types, and in Asian patients
Table 2. Phase 2: Treatment-emergent adverse events of any grade
and Grade ≥3.
Event

Tepotinib
Any grade

Grade ≥3

≥1 adverse event of any cause,a n (%)

48 (98.0)

28 (57.1)

≥1 treatment-related adverse event, n (%)

41 (83.7)

14 (28.6)

Treatment-related adverse event in ≥5% of patients, n (%)
Peripheral oedema

19 (38.8)

3 (6.1)

Asthenia
Fatigue

11 (22.4)
9 (18.4)

0
0

Diarrhoea

8 (16.3)

0

Nausea

7 (14.3)

0

Ascites

6 (12.2)

2 (4.1)

Hypoalbuminaemia

5 (10.2)

0

Decreased appetite

4 (8.2)

0

Vomiting

4 (8.2)

0

Blood creatinine increased
Lipase increased

3 (6.1)
3 (6.1)

1 (2.0)
3 (6.1)

Pruritus

3 (6.1)

0

a

Treatment-related adverse events are deﬁned as events that occur within
the day of ﬁrst dose of trial treatment, up until 33 days after last dose of
treatment.

Table 3.

Best overall response (investigator-assessed).
Phase 1b
300 mg/day
(n = 4)

Best overall response; investigator RECIST v1.1
CR, n (%)
0

Phase 2

500 mg/day
(n = 13)

Total
(N = 17)

500 mg/day
(N = 49)

0

0

1a (2.0)

PR, n (%)

2 (50.0)

0

2 (11.8)

3 (6.1)

SD, n (%)

0

4 (30.8)

4 (23.5)

24 (49.0)

PD, n (%)

1 (25.0)

8 (61.5)

9 (52.9)

15 (30.6)

Not evaluable, n (%)

1 (25.0)

1 (7.7)

2 (11.8)

6 (12.2)

ORR, n (%) [90% CI]

2 (50.0) [9.8, 90.2]

0 (0.0) [0.0, 26.0]

2 (11.8) [2.1, 32.6]

4 (8.2) [2.8, 17.7]

DCR, n (%) [90% CI]

2 (50.0) [9.8, 90.2]

4 (30.8) [11.3, 57.3]

6 (35.3) [16.6, 58.0]

28 (57.1) [44.4, 69.2]

Best overall response; investigator mRECIST v1.1
CR, n (%)

1a (2.0)

PR, n (%)

4 (8.2)

SD, n (%)

19 (38.8)

Non-CR/Non-PD, n (%)

7 (14.3)

PD, n (%)

13 (26.5)

Not evaluable, n (%)

5 (10.2)

ORR, n (%) [90% CI]

5 (10.2) [4.1, 20.3]

DCR, n (%) [90% CI]

24 (49.0) [36.5, 61.5]

CI conﬁdence interval, CR complete response, DCR disease control rate, mRECIST modiﬁed Response Evaluation Criteria in Solid Tumors, ORR objective response
rate, PD progressive disease, PR partial response, RECIST Response Evaluation Criteria in Solid Tumors, SD stable disease.
a
CR in a patient with MET ampliﬁcation.
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Median PFS, months (90% CI)
n = 49

3.4 (2.8, 4. 2)

IHC 2+
IHC 3+

n = 41
n=8

4.0 (2.8, 4.2)
3.2 (1.4, 6.8)

MET amplificationb

Present
Absent

n=6
n = 43

4.2 (2.8, 13.8)
3.2 (2.6, 4.1)

Age, years

<65 years
≥65 years

n = 21
n = 28

4.0 (2.8, 5.1)
3.0 (1.4, 4.2)

Gender

Male
Female

n = 41
n=8

4.0 (3.0, 4.2)
2.0 (1.3, 4.0)

ECOG PS

0
1

n = 25
n = 24

4.0 (1.4, 5.1)
3.3 (2.8, 4.1)

Prior local-regional
therapy

Yes
No

n = 25
n = 24

3.2 (1.4, 4.2)
4.0 (2.8, 5.1)

HBV

Positive
Negative

n=5
n = 44

5.5 (1.3, 16.5)
3.2 (2.8, 4.0)

HCV

Positive
Negative

n = 15
n = 34

4.9 (2.8, 5.7)
3.1 (2.6, 4.0)

HBV or HCV

Positive
Negative

n = 19
n = 30

5.3 (3.2, 6.8)
3.0 (1.4, 4.0)

AFP elevation at
baselinec

≥200 μg/L
<200 μg/L

n = 27
n = 20

3.4 (2.9, 5.1)
2.8 (1.4, 4.2)

Vascular invasion
and/or EHS

Present
Absent

n = 12
n = 37

4.1 (2.6, 4.2)
3.1 (2.8, 4.6)

Disease characteristics

Clinical characteristics

MET status

Overall
MET IHC

a

0

10

20

30

40

50

60

70

80

90

100

% of patients progression free at 12 weeks (90% CI)

Fig. 1 Percentage of patients progression free at 12 weeks according to investigator assessment in Phase 2. Data are shown for the
overall population and patient subgroups.aModerate (2+) or strong (3+) staining intensity for MET on IHC in the majority (≥50%) of tumour
cells; bMET ampliﬁcation deﬁned as MET:CEP7 ratio ≥2 or mean gene copy number ≥5; cAFP was missing for two patients (12-week PFS in these
patients was 100%). AFP alpha-fetoprotein; CI conﬁdence interval, EHS extrahepatic spread, ECOG PS Eastern Cooperative Oncology Group
performance status, HBV hepatitis B virus, HCV hepatitis C virus, IHC immunohistochemistry, PFS progression-free survival.

alteration (MET H-score ≥50%, MET:CEP7 ratio ≥2 or MET gene
copy number ≥5; n = 30), and 3/10 patients (30%) when a more
strict deﬁnition of MET alteration was applied (MET IHC 3+, or 2+
with MET gene copy number ≥5; n = 10).31
We also observed a trend for improved PFS and OS in patients
who were HBV/HCV-positive versus negative. This may reﬂect a
positive prognostic effect, as both HBV- and HCV-associated HCC
have been independently associated with longer survival compared with HCC of other aetiologies in recent analyses.33,34
Interestingly, we also noted a trend for greater 12-week PFS in
patients with AFP elevation at baseline ≥200 µg/L (versus <200 µg/
L). In addition to its role as a poor prognostic factor,35 increased
AFP levels are an established positive predictive marker for
ramucirumab, which has been approved for second-line use
speciﬁcally in patients with AFP elevation following results from
the Phase 3 REACH-2 trial.11 Higher AFP levels were also
associated with a more pronounced beneﬁt of the multikinase
inhibitor cabozantinib versus placebo in the randomised Phase 3
CELESTIAL trial.36
Exposure in this HCC population, as derived from the rich PK
sampling in the Phase 1b part, was lower than in the ﬁrst-inhuman trial in patients with advanced solid tumours (47% of the
AUCτ,ss and 52% of the Cmax).24 A similar reduction in exposure
was observed in the ﬁrst-line Phase 1b/2 tepotinib trial in HCC.37
This is in line with ﬁndings from a population PK analysis showing
that liver cirrhosis is associated with lower exposure to tepotinib
and a dedicated PK hepatic impairment trial demonstrating a
reduction in exposure (of 12% for AUC from time 0 to inﬁnity and
29% for Cmax) in patients with moderate (Child–Pugh B) hepatic
impairment relative to control patients.38
In sorafenibpretreated aHCC, MET overexpression is a poor
prognostic factor that has been associated with signiﬁcantly
shorter median OS (3.8 months) compared with tumours without

MET overexpression (9.0 months).23 Despite enrolment of this
poor prognostic group, median PFS in the present study appears
to be similar to that reported in second-line Phase 3 trials in METunselected tumours of regorafenib,10 ramucirumab39 and pembrolizumab,15 although it is shorter than reported with cabozantinib.12 The negative prognostic effect of MET overexpression is
likely to explain the lower median OS with tepotinib relative to
even the placebo arms of those trials. Although longer OS has
been reported in sorafenibpretreated aHCC with MET overexpression in two tivantinib Phase 3 trials,40,41 those results may
not be directly comparable with our trial for two reasons. First,
MET was assessed in archival specimens in a substantial
proportion of patients in the tivantinib trials and so might not
have indicated MET status at the time of enrolment. Second,
turnaround time for central IHC assessment in the tivantinib trials
(median of 43 days for METIV-HCC)40 could have led to exclusion
of patients with more aggressive disease due to rapid progression
or declining performance status while awaiting central MET status
determination. In contrast, eligibility for the tepotinib Phase 2 trial
required demonstration of MET overexpression in a biopsy
acquired within 28 days of the ﬁrst study dose, thereby minimising
the potential for evolution in MET status or loss of patients with
aggressive disease during assessment for eligibility.
In addition to these new second-line options, the ﬁrst-line HCC
treatment landscape has evolved with the approval of the
multikinase inhibitor lenvatinib and the immunotherapy atezolizumab (in combination with bevacizumab) for the initial
treatment of unresectable HCC following positive results from
the Phase 3 trials.9,13,42 Although immunotherapy trials in HCC
have not been universally positive,15,43 immunotherapy-based
combinations are a promising avenue of investigation, with
several ongoing trials investigating regimens consisting of an
immune checkpoint blocker with a tyrosine kinase inhibitor.44 Of
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Fig. 2 Kaplan–Meier curves for PFS, TTP and OS in Phase 2. a Investigator-assessed PFS, b investigator-assessed TTP, c OS. CI conﬁdence
interval, OS overall survival, PFS progression-free survival, TTP time to progression.
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MET IHCa
IHC 2+

80.0

60.0

20.0

MET amplification

40.0

MET amplification

–40.0

–60.0

ORR, n (%; 90% CI)

4 (8.2; 2.8, 17.7)

DCR, n (%; 90% CI)

28 (57.1; 44.4, 69.2)
MET amplification

–20.0

MET amplification

0.0
MET amplification

Best relative change in SOLD from baseline (%)

IHC 3+

–80.0

Fig. 3 Best relative change in target lesions in Phase 2. Shading indicates MET IHC status: 2+ (white) or 3+ (black). Patients with MET
ampliﬁcation are labelled. Inset table shows overall response and disease control rates. *Moderate (2+) or strong (3+) staining intensity
for MET on IHC in the majority (≥50%) of tumour cells; MET ampliﬁcation deﬁned as MET:CEP7 ratio ≥2 or mean gene copy number ≥5.
CI conﬁdence interval, DCR disease control rate, IHC immunohistochemistry, ORR objective response rate, SOLD sum of longest diameter.

note, the immunosuppressive function of the HGF/MET pathway
provides a preclinical rationale for combining MET inhibitors with
programmed death-1/programmed death-ligand 1 inhibitors.45 A
Phase 3 trial of ﬁrst-line cabozantinib plus atezolizumab in aHCC is
currently underway.46
How novel ﬁrst-line therapies may impact the activity of
second-line tepotinib demonstrated in the present study is
unknown. Other limitations include the single-arm, nonrandomised design and the relatively small number of enrolled
patients with MET IHC 3+ staining or MET ampliﬁcation, which
preclude deﬁnitive conclusions regarding the potential predictive
relevance of MET-based biomarkers in this study, especially in
Phase 1b. Finally, efﬁcacy outcomes cannot be compared directly
between the two phases of the study due to differences in MET
status (unselected in Phase 1b vs IHC 2+/3+ in Phase 2), baseline
characteristics (higher proportion of patients aged <65 years in
Phase 2), tepotinib dose and sample size.
In both phases of the study, tepotinib was generally well
tolerated by Western patients with aHCC who had previously
received sorafenib treatment. At the RP2D (500 mg QD), tepotinib
showed promising efﬁcacy and, therefore, a positive beneﬁt–risk
balance for patients with aHCC with MET overexpression who had
previously received sorafenib therapy.
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