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including greater than median density by Western
blotting, increased MET gene expression signa-
ture, MET copy number (CN) gain and mRNA
expression, and positive (>20% of tumor section)
immunohistochemistry (IHC) staining.*° In
addition, overexpression by these criteria was
shown to predict shorter survival in patients with
HCC.47The MET receptor tyrosine kinase binds
its sole ligand HGF, which then activates the
RAS mitogen-activated protein kinase (MAPK)
pathway, phosphatidylinositol-3 kinase (PI3K)-
protein kinase B (PKB or AKT) pathway, mam-
malian target of rapamycin pathway, signal
transducer and activator of transcription (STAT)
pathway, beta-catenin pathway, and Notch path-
way. Activation of the MET signaling pathway,
therefore, promotes cell proliferation, survival,
and metastasis.!®!! Experimental evidence dem-
onstrated that MET inhibition abrogates the
growth of MET-activated HCC cells by blocking
MET phosphorylation and the activation of the
downstream PI3K and MAPK pathways.!?2 In
addition, overexpression of HGF and MET ampli-
fication has been shown to predict the sensitivity
of human HCC xenografts to MET inhibition.!3

Capmatinib (INC280) is a highly potent and
selective MET inhibitor in biochemical and cel-
lular assays and causes regression of MET-
dependent tumor models in animals at well
tolerated doses.!* In addition, MET-amplified
experimental HCC tumors have been shown to
be highly sensitive to capmatinib.!? In a phase I
clinical study carried out in patients with advanced
solid tumors, a recommended phase II dose
(RP2D) of 600mg twice daily (BID; capsule) and
400 mg BID (tablet) was identified, and capmatinib
was shown to have a tolerable safety profile.!5-17
Preliminary antitumor efficacy was reported in
patients with MET-dysregulated non-small cell
lung cancer, in particular, patients with a high
level of MET amplification, MET exon 14 dele-
tion mutation, or both.15:16 This study is a phase
II, open-label, single-arm, multicenter study of
capmatinib in patients with advanced HCC and
confirmed MET pathway dysregulation who have
received no prior systemic therapy [Clinical Trials.
gov identifier: NCT01737827].

Patients and methods
Study oversight

This study was performed in accordance with the
Declaration of Helsinki and the principles of

Good Clinical Practice. The protocol was
approved by an Institutional Review Board at
each investigative site (Supplementary Table 1),
and all patients provided written informed con-
sent before any study procedures. The study was
designed by the sponsor (Novartis Pharmaceuticals
Corporation). The sponsor collected the data and
analyzed them in conjunction with the authors.

Study design

This phase II dose-determining and expansion
study planned to enroll approximately 56 patients
from the Asia-Pacific region with advanced HCC.
The primary objective was to determine the over-
all clinical activity of capmatinib in patients with
advanced HCC and confirmed MET dysregula-
tion, with a primary endpoint of time to progres-
sion. However, due to the difficulty in identifying
eligible patients, the study enrollment was halted
prior to the completion of the expansion stage.
Kaplan—Meier analysis of this endpoint was not
performed due to the insufficient sample size for
a meaningful estimate. Secondary objectives
reported were the further assessment of the clini-
cal activity of capmatinib in patients with
advanced HCC and MET dysregulation, with
secondary endpoints of overall response rate and
disease control rate. Other secondary objectives
included the evaluation of safety, pharmacokinet-
ics (PK), and assessment of correlation of serum
HGF levels with clinical response. Eligible
patients were aged =18years old with advanced
HCC not suitable for, or which progressed fol-
lowing locoregional therapy. In addition, patients
were required to have a current cirrhotic status of
Child—Pugh class A with no encephalopathy, and
Eastern Cooperative Oncology Group (ECOG)
performance status of 0—2. Key exclusion criteria
included prior systemic chemotherapy or molecu-
lar-targeted therapy for HCC, previous treatment
with MET-targeted or HGF-targeted therapy,
previous local therapy completed <4 weeks prior
to dosing and, if present, any related acute toxic-
ity greater than grade 1, known active bleeding
within 2 months prior to screening or with history
or evidence of inherited bleeding diathesis or
coagulopathy, or clinically significant venous or
arterial thrombotic disease within the past
6 months.

It is important to highlight that the definition of
MET positivity evolved throughout the duration
of this study. MET positivity was originally
defined as MET H-score =50 or ratio of MET
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gene copy number/centromeres=2.0 or MET
gene copy number =5. This less stringent defini-
tion of MET positivity was based upon an obser-
vation of a near-universal upregulation of the
MET ligand HGF in tumor-adjacent liver tissue
obtained from patients with HCC, suggesting a
potential mechanism for MET activation even at
medium expression levels in HCC tumors. Based
on preliminary data from capmatinib clinical stud-
ies that indicate that high-MET protein expres-
sion and increased MET gene copy number may
be predictive of response to capmatinib,!>-18 a pro-
tocol amendment with revised biomarker inclu-
sion criteria was implemented after 33 patients
had been enrolled, including 20 patients in the
dose-expansion stage of the study who did not
meet the new criteria . The original eligibility cri-
teria were revised to specify that tumors must have
MET-high status defined as a MET ITHC intensity
score of 3+ in =50% tumor cells or 2+ in =50%
of tumor cells plus MET gene copy number =5 by
fluorescence in situ hybridization (FISH). Patients
with tumors showing MET GCN =5 by FISH,
but with IHC data unavailable for technical rea-
sons, were also eligible. Patients who met these
new MET positivity criteria are referred to as
‘MET-high’ in the manuscript to differentiate
from the previous definition.

Treatment plan and drug administration
Capmatinib was administered orally at a starting
dose of 300mg BID (capsules) in the dose-deter-
mining stage of the study, a Bayesian Logistic
Regression Model (BLRM), in combination with
available safety information and pharmacody-
namic (PD), PK information, or both, were uti-
lized to determine a recommended dose for the
expansion phase. In the expansion phase, patients
were treated with 600 mg BID capsules or 400 mg
BID tablets, which are pharmacokinetically equiv-
alent. Patients were treated with capmatinib by
dosing continuously in 21-day cycles. Treatment
was continued until either disease progression
[per Response Evaluation Criteria in Solid
Tumors (RECIST 1.1)] as determined by the
investigator, unacceptable toxicity that precluded
further treatment, pregnancy, discontinuation at
the discretion of the investigator or patient, with-
drawal of consent, loss to follow-up, or death.

Assessments
Antitumor activity. Clinical efficacy assessments
were based on radiographic tumor measurements

(RECIST 1.1). Computed tomography-based
tumor assessments were performed unless con-
traindicated, in which case MRI with contrast was
performed.

Safety. Safety assessments were carried out based
on adverse events (AEs) graded according to the
National Cancer Institute Common Terminology
for Adverse Events and physical examination,
electrocardiogram, performance status, and labo-
ratory evaluations.

Pharmacokinetics. PK assessments during the
dose-determining stage were based on full PK
blood samples collected from days 1-2 and days
15-16 in cycle 1, and predose blood samples were
collected on cycle 2 day 1 and cycle 3 day 1. Plasma
PK parameters were determined using noncom-
partmental methods. During dose-expansion, lim-
ited PK blood samples were collected predose and
postdose on cycle 1 day 1, cycle 1 day 15, cycle 2
day 1, and cycle 3 day 1. Capmatinib concentra-
tions were measured in plasma using liquid chro-
matography-tandem mass spectrometry.

Exploratory biomarker analysis. Serum HGF lev-
els were quantified at variable time points using
enzyme-linked-immuno-sorbent assay. Next-
generation sequencing (Foundation Medicine
Inc., Cambridge, MA, USA) was carried out
(T5a test on 287 genes and 19 gene rearrange-
ments) on available screening and cycle 1 day 15
tumor samples.

Results

Patient demographics and disposition

Between 25 March 2013 and the primary analysis
cut-off date of 28 February 2017, a total of 38
patients were treated. In the dose-determining
stage, patients were treated with capmatinib
300mg BID capsules (z=8), and in the dose-
expansion stage, patients were treated with
600 mg BID capsules (z=28) or 400 mg BID tab-
lets (n=2) based on the BLRM and other rele-
vant clinical data, including the RP2D that was
determined in a phase I study in patients with
advanced solid tumors.!5-17 All patients were of
East Asian the majority with moderately to poorly
differentiated HCC, with a mean age of 55.6 years,
89% were men, 53% had an ECOG performance
status of 0, and distant metastases were present in
39% of patients (Table 1). Overall, 12/38 patients
(2 patients in the 300mg BID capsule
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dose-escalation group, 8 patients in the 600mg
BID capsule expansion group, and 2 patients in
the 400mg BID tablet expansion group) had
tumors characterized as MET-high (MET THC
intensity score 3+ in =50% tumor cells, or 2+ in
=50% of tumor cells plus MET GCN =5 by
FISH). At the time of data cut-off, 36/38 patients
discontinued treatment (61% due to disease pro-
gression; 24% due to AEs), and 2 patients were
receiving ongoing treatment.

Treatment exposure

The median duration of exposure to capmatinib
was 55.5 days (10—718 days), with 79% of patients
treated for>3weeks, and 18% receiving treat-
ment for>18weeks. The duration of exposure
and overall response (RECIST 1.1; investigator
assessed) are presented in Figure 1. Dose reduc-
tion (not including formulation change) was
required in 11/38 (29%) patients, 7/ 38 (18%)
patients had at least 1 dose reduction due to AEs.

Dose and formulation determination

In the dose-determining stage of the study, eight
patients were enrolled and treated with 300 mg
BID capsules and six patients were evaluable for
dose decision analysis guided by the BLRM [sub-
ject to escalation with overdose control (EWOC)
criteria], PK/PD, clinical, and laboratory factors.
No qualifying AEs (predefined AEs or abnormal
laboratory values assessed by the investigator as
related to therapy with capmatinib) were observed
in any of these patients, and based on the BLRM
with the incorporation of data from relevant clini-
cal studies as prior information, a dose of 600 mg
BID (capsule) was determined for the dose-
expansion phase. Capmatinib tablets were devel-
oped to improve patient convenience and
compliance, and were determined to be the pre-
ferred formulation based on preliminary steady-
state PK data from parallel clinical studies
showing higher mean exposures [maximum
serum concentration (C,,,) and area under curve
(AUQ) at steady-state] than the 600 mg capsules
at the same dose levels tested, but within the
range considering the coefficient of variability.!>
Overall, in the expansion stage of the study, 26/30
patients received capmatinib 600mg BID in a
capsule formulation and did not switch to the tab-
let form. Only two patients ongoing on 600mg
BID capsules switched to a tablet formulation
and two patients were enrolled starting with cap-
matinib 400 mg BID tablet formulation.

Pharmacokinetics

PK analysis showed that capmatinib 300 mg BID
capsules were rapidly absorbed with a median
time to maximum plasma concentration (T,,,) of
2.0h, a geomean C_, of 2143.5ng/ml, and a
geomean AUC,_,,,, of 7739.8 ng h/ml (cycle 1 day
1, Supplementary Table 2). The dose-normalized
steady-state exposures of capmatinib were compa-
rable with those from other capmatinib clinical tri-
als. The exploratory analysis suggested that PK
exposures were similar in patients with HCC, and
patients with malignancies other than HCC, based
on historical data from other clinical studies of
capmatinib,!5:17:18 and steady-state accumulation
was minimal. The plasma concentration—time
profile for capmatinib 300 mg BID capsules is pre-
sented in Supplementary Figure 1.

Safety

All patients (across dose-escalation and expan-
sion phases) experienced at least one AE. The
most common (>30%) AEs, regardless of causal-
ity, were nausea (42%), vomiting (37%), diarrhea
(34%), aspartate transaminase (AST) with
increased and decreased appetite (both 32%,
Table 2). The most frequent (>5%) grade 3 or 4
AEs, regardless of causality, were AST increased
(24%), blood bilirubin increased (16%), anemia
(8%), and hyperbilirubinemia (8% Table 2). The
most common (=10%) AEs suspected to be study
drug-related were nausea (39%), vomiting (32%),
fatigue (21%), blood creatinine increased (13%),
and diarrhea (11% Supplementary Table 3). The
majority of drug-related AEs were mild, and
drug-related grade 3/4 AEs occurred in only five
patients (13% Supplementary Table 3). Serious
AEs were reported in 19 (50%) patients and were
most commonly abdominal pain, acute kidney
injury, and esophageal varices(2 patients each).
Only one patient had a serious AE (grade 3 vom-
iting) that was suspected of being related to study
treatment. A total of nine patients (24%) had AEs
that led to discontinuation of capmatinib, includ-
ing two patients who had AEs suspected of being
related to capmatinib [AST and alanine transami-
nase (ALT) increased, and amylase increased].

Antitumor activity

Due to the limited number of MET-high patients
enrolled in this study, a robust analysis of the pri-
mary endpoint of time to progression (TTP) was
not possible. Therefore, objective responses were
analyzed as a signal-seeking efficacy endpoint. In
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Table 1. Baseline demographics and prognostic factors for HCC (full analysis set).

Variable Capmatinib dose (BID)
300 mg capsule 600 mg capsule 400 mg tablet All patients
n=28 n = 28 n=2 n = 38
Age, years (mean) 58.1 55.0 53.5 55.6
SD 7.97 9.34 0.71 8.81
Age category, n (%)
>18-<65 7 (87) 23 (82) 2 (100) 32 (84)
=65-<85 1(13) 5(18) 0 6(16)
Gender, n (%)
Female 1(13) 3(11) 0 4(11)
Male 7 (87) 25 (89) 2 (100) 34 (89)
Race, n (%)
Asian 8(100) 28 (100) 2 (100) 38 (100)
ECOG PS, n (%)
0 4 (50) 16 (57) 0 20 (53)
1 4(50) 12 (43) 2 (100) 18 (47)
HBV, n (%)
Negative 4 (50 1(4) 0 5(13)
Positive 4 (50 27 (96) 2 (100) 33 (87)
HCV, n (%)
Negative 7(87) 23 (82) 2 (100) 32 (84)
Positive 1(13) 5(18) 0 6 (16)
Child-Pugh, n (%)
Score 5 3(38) 21 (75) 2 (100) 26 (68)
Score 6 5(62) 7 (25) 0 12 (32)
AFP, n (%)
<40 pg/l 2 (25) 10 (36) 0 12 (32)
40-<100 pg/L 1(13) 3(11) 0 4(11)
100-<1000 pg/l 1(13) 5(18) 1(50) 7(18)
>1000 pg/l 4 (50) 10 (36) 1(50) 15 (39)
Distant metastases, n (%)
Yes 2 (25) 12 (43) 1 (50} 15 (39)
No 6 (75) 16 (57) 1 (50) 23 (61)

AFP, alpha fetoprotein; BID, twice daily; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis
B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; SD, standard deviation.
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Figure 1. Duration of exposure and overall response (per RECIST v1.1; investigator assessed), dose-expansion

stage (full analysis set).
> Represents the ongoing patient.
RECIST, Response Evaluation Criteria in Solid Tumors.

the dose-determining stage of the study (300mg
BID capsules, n=8), stable disease was reported
as the best overall response in two patients (25%,
Table 3). In the expansion stage of the study,
20/30 patients had MET-low tumor expression
(enrolled before the protocol amendment to revise
the MET criteria) and 10/30 had MET-high
tumor expression. At the data cut-off date, the
overall response rate and disease control rate in all
expansion patients (7=30) was 10% (CI 95%
2.1-26.5) and 33% (CI 95% 17.3—52.8), respec-
tively, regardless of MET status, all responders
had MET-high status. In the MET-high expan-
sion group (z=10), the overall response rate was
30% (CI 95% 6.7—65.2) and the disease control
rate was 50.0% (CI 95% 18.7—81.3), including 1
durable complete response (>600days) and 2
partial responses [ldurable (>600days) Figure
1]. In this study, 6/10 patients with MET-high
status achieved tumor shrinkage (Figure 2). Of
these, 3/6 patients showed significant tumor
reductions, including 1 of 75% (this patient
achieved a complete response) and another of
72% relative to baseline. The best percentage
change from baseline in target lesions in the
expansion stage of the study for MET-high and
MET-low patients is shown in Figure 2.

Biomarker and sequencing analysis
Next-generation sequencing analysis of tumor
biopsy samples from 10 patients was performed,

and of these, 3 patients had MET-high tumors.
These analyses revealed MCLI GCN increases
(CN 8-9) in 3/10 patients and MYC GCN
increases (CN 8-13) in 2/10 patients, with co-
amplification in 2 cases. Mutations in 7P53
(short variants) were reported in 3/10 patients
(Supplementary Table 4). Baseline serum HGF
biomarker analysis from 35 patients showed no
clear trend or correlation with MET status or
clinical response in neither all patients nor in the
MET-high group (Figures 2 and 3). In addition,
there was no clear correlation of serum HGF level
over time and clinical response in these patients
(data not shown).

Discussion

Currently, the standard-of-care first-line systemic
therapy for patients with unresectable advanced
HCC is the multiple receptor tyrosine kinase
inhibitor sorafenib. Approval of sorafenib was
based on two international, phase III studies. In a
study in Caucasian patients, sorafenib provided
an improvement in median overall survival
[10.7 months versus 7.9 months for placebo (haz-
ard ratio (HR) 0.69 in the sorafenib group)], dis-
ease control rate was 43% versus 32% for placebo,
overall response rate was 2% versus 1% for pla-
cebo, and median time to progression (TTP) was
5.5months versus 2.8 months for placebo.!® In a
parallel Asia-Pacific region phase III study, simi-
lar results were reported, with an improvement in
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Table 2. Adverse events [all grades (=10%) and grade 3/4] regardless of study drug relationship, by system organ class and

maximum grade (safety set].

Preferred term Capmatinib dose (BID)

All patients

300 mg capsule 600 mg capsule 400 mg tablet -

n=9 n =27 n=2

All Grades All Grades All Grades All Grades

grades 3/4 grades 3/4 grades 3/4 grades 3/4
Number of patients with at 9 (100) 5 (56) 27 (100) 19 (70) 2 (100) 1(50) 38 (100) 25 (66)
least one event
Nausea 6 (67) 0 9 (33) 1 (4) 1 (50} 0 16 (42) 1(3)
Vomiting 4 (44) 1(11) 9 (33) 1(4) 1 (50) 0 14 (37) 2 (5)
Diarrhea 5 (56) 1(11) 8 (30) 0 0 0 13 (34) 1(3)
AST increased 1(11) 1(11) 11 (41) 8 (30]) 0 0 12 (32) 9 (24)
Decreased appetite 3(33) 0 9 (33) 1(4) 0 0 12 (32) 1(3)
Blood creatinine increased 3 (33) 0 7 (26) 1(4) 0 0 10 (26) 1(3)
Fatigue 3(33) 0 6(22) 0 1 (50) 0 10 (26) 0
Blood bilirubin increased 2 (22) 1(11) 7 (26) 5(19) 0 0 9 (24) 6(16)
Constipation 2(22) 0 6(22) 0 1(50) 0 9 (24) 0
Anemia 3(33) 2 (22) 5(19) 1(4) 0 0 8(21) 3(8)
Hypoalbuminemia 2 (22) 1011) 6(22) 0 0 0 8(21) 1(3)
ALT increased 0 0 6 (22) 1(4) 1(50) 1(50) 7(18) 2 (5)
Insomnia 1011) 0 5(19] 0 1(50) 0 7 (18] 0
Peripheral edema 2 (22) 0 4 (15) 0 0 0 6(16) 0
Pyrexia 1011) 0 5(19) 0 0 0 6 (16) 0
Abdominal pain 2 (22) 0 3(11) 1(4) 0 0 5(13) 1(3)
Ascites 1(11) 0 4 (15) 1 (4) 0 0 5(13) 1(3)
Acute kidney injury 2 (22) 1(11) 2(7) 1(4) 0 0 4 (11) 2 (5)
Hyperbilirubinemia 0 0 4 (15) 3(11) 0 0 4(11) 3(8)
Leukopenia 0 0 4 (15) 0 0 0 4(11) 0
Platelet count decreased 0 0 4 (15) 0 0 0 4(11) 0
Weight decreased 2 (22) 0 2(7) 0 0 0 4 (11) 0

ALT, alanine transaminase; AST, aspartate transaminase; BID, twice daily.

median overall survival of 6.5months for
sorafenib, versus 4.2 months for placebo (HR 0.68
in sorafenib group).2® The multiple receptor
tyrosine kinase inhibitor (vascular endothelial
growth factor receptors and others) regorafenib

was FDA-approved for the treatment of patients
progressing on or after sorafenib treatment, based
on a phase III study that demonstrated an
improvement in overall survival (10.6 months ver-
sus 7.8 months for placebo), the overall response
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Table 3. Best overall response per RECIST v1.1 by study stage and MET status (full analysis set).

Best overall response, n (%)

Dose-determining

Dose-expansion

n=8 MET-high MET-low All patients
n =10 n =20 n =30

Complete response (CR) 0 1(10) 0 1(3)
Partial response (PR) 0 2 (20) 0 2(7)
Stable disease (SD) 2 (25) 2 (20) 5 (25) 7(23)

Unconfirmed CR 0 0 0 0

Unconfirmed PR 0 1(10) 0 1(3)
Progressive disease 3(38) 4 (40) 12 (60) 16 (53)
Unknown? 3(38) 1(10) 3(15) 4(13)
Overall response rate (Cl 95%) 0 (0-36.9) 3(30) (6.7-65.2) 0(0-16.8) 3(10) (2.1-26.5)
Disease control rate [CR + PR + SD) 2 (25) (3.2-65.1) 5(50) (18.7-81.3) 5 (25) (8.7-49.1) 10 (33) (17.3-52.8)

(95% Cl)

aUnknown response indicates that RECIST 1.1 data collected do not qualify for PD, PR,

Cl, confidence interval;

RECIST, Response Evaluation Criteria in Solid Tumors.

or SD (e.g. due to patient discontinuation).

rate was 11% wversus 4% in the placebo arm.?!
Subsequently, the programmed death-1 (PD-1)
inhibitor nivolumab received accelerated FDA
approval as second-line therapy following pro-
gression on sorafenib, an overall response rate of
14% in sorafenib-treated patients and 20% in all
patients was reported in the CheckMate 040
study, with the majority of patients with advanced
HCC experiencing durable responses.22:23
Sorafenib remains the only approved first-line
treatment for advanced HCC, and there is an
urgent unmet need for alternative treatment
options to be developed.

The heterogeneity of patient populations in most
studies, in combination with a lack of patient
selection according to the molecular signature,
has led to other targetable oncogenic driver path-
ways being actively sought. Based on available
data implicating the MET pathway in the tumori-
genesis of HCC, and the poor prognosis for
patients with the disease, the study described here
was designed to evaluate the safety and efficacy of
the MET inhibitor capmatinib in patients with
advanced HCC, who have tumors meeting spe-
cific criteria for highly dysregulated MET signal-
ing. In this study, encouraging antitumor activity
was observed in the limited number of patients
with advanced HCC and MET-high dysregula-
tion status who were treated with capmatinib,

with one complete response and two partial
responses in patients in the MET-high status
dose-expansion group (for an overall response
rate of 30%). Only two of the responding patients
(including a complete response) were on treat-
ment for over 600 days at the time of the data cut-
off date and were still on treatment with confirmed
clinical benefit.

Overall, orally administered single-agent cap-
matinib 600mg BID capsules and 400mg BID
tablets are tolerable with a manageable safety pro-
file in patients with advanced HCC. No new
safety findings were revealed, and the most fre-
quent drug-related AEs were usually mild nausea,
vomiting, and fatigue, and drug-related grade 3
or 4 AEs were uncommon.

The patient enrollment of this study was halted
due to the difficulty in identifying patients who
met the revised eligibility criteria of MET positiv-
ity and, therefore, the primary endpoint of TTP
was not performed. Preliminary data based on a
limited number of patients with MET-high HCC
indicates that patients only responded to the
treatment if they had a highly dysregulated MET
pathway.1%17%:18 Although overexpression or acti-
vation of MET has been reported in 20-48% of
patients with HCC, based on a wide range of
methods and cut-offs,*8 these studies have not
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Patients

Figure 2. Best percentage change from baseline in target lesions (RECIST v1.1; investigator assessed), dose-
expansion stage (full analysis set).

n, number of patients with a baseline and at least one post-baseline assessment of target lesions (investigator assessed);
N, the total number of patients.

Percentage changes from baseline >100% are set to 100%.

Patients with missing best percentage change from baseline are not included.

FISH GCN is provided on top of the bars.

FISH, fluorescence in situ hybridization; GCN, gene copy number; NA, not available; RECIST, Response Evaluation Criteria in
Solid Tumors.
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Figure 3. Best percentage change from baseline in tumor lesions by baseline serum HGF level.
CR, complete response; HGF, hepatocyte growth factor; PD, progressive disease; PR, partial response; SD, stable disease;
UNK, unknown.
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reported on the precise incidence and distribution
of MET-high disease. In this study, our observa-
tion is that the incidence of MET-high disease is
very low in previously untreated patients with
HCC, with only 17/328 patients (5.2%) having
tumors classified as MET-high after the second
protocol amendment (defined as MET IHC
intensity score 3+ in =50% tumor cells, or 2+ in
=50% of tumor cells plus MET gene copy num-
ber =5 by FISH, or MET GCN =5 by FISH
alone if IHC unavailable).

Clinical studies of other MET inhibitors in previ-
ously treated patients with HCC have employed
different cut-off criteria for MET dysregulation/
positivity, and have provided mixed results. In a
phase Ib study carried out in Asian patients with
advanced HCC, the MET inhibitor tepotinib had
only limited antitumor activity in unselected
patients, and 2/27 (7.4%) patients had partial
responses, with a disease control rate of 37%.
However, in that study patients were retrospec-
tively evaluated for MET expression, which was
defined as =50% tumor IHC 2+/3+, and both
responders had MET-positive tumors (2/7 MET-
positive patients had partial responses).?425 In
contrast, in the negative METIV-HCC second-
line phase III study (NCT01755767), tivantinib
was evaluated in patients with MET-high HCC
defined by IHC =2+ in =50% of tumor cells.2°
However, it should be noted that the extent of
tivantinib’s clinical activity through MET inhibi-
tion has been questioned.?’-28 However, these
studies suggest that despite a reduced pool of eli-
gible patients, stricter criteria are required for the
selection of patients with MET-high HCC that
are likely to benefit from MET inhibitor therapy.

Biomarker studies did not reveal any clear trends
or correlations between serum HGF levels with
clinical response. Next-generation sequencing of
306 cancer-related genes or gene rearrangements
was performed with remaining biopsy material
from 10 patients. However, only three of those
patients were categorized as MET-high, preclud-
ing any correlative analysis with clinical response.
BCL2-family apoptosis regulator MCL1 GCN
increases were detected in 3/10 patients and
MYC GCN increases were detected in 2/10
patients, with co-amplification in 2 cases. Both
these genes encode proteins with roles in cell
cycle progression, apoptosis, and cellular trans-
formation, and have potential molecular and
functional interactions with the MET pathway.
MCL1 has also been reported as a possible

response predictor for MET inhibition in patients
with MET-high HCC.?° In this study, only one
tumor with MET-high status showed concomi-
tant copy number increases in MYC and MCL1,
but the response to treatment in this patient
could not be determined because the patient dis-
continued treatment due to an AE. Mutations in
TP53 (short variants) were also reported in 3/10
patients, mutant P53 has been implicated in the
enhancement of MET trafficking, promoting
MET recycling, and enhancing MET signaling.3°
However, in this study patient numbers were not
large enough to draw any conclusions on the pre-
dictive significance of the genomic alterations
that were observed.

Overall, the antitumor activity observed in this
study in patients with MET-high tumors indi-
cates that strict biomarker selection criteria, that
were applied in this study, are required for the
successful treatment of patients with HCC with
single-agent MET inhibitor therapy, and that
capmatinib represents a promising strategy for
anti-MET therapy in appropriately selected
patients with advanced MET-high HCC.
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