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Abstract

Background: HL-085 is a selective, orally administered MEK1/2 inhibitor. We aimed to evaluate the safety and efficacy
of HL-085 in patients with advanced melanoma harboring NRAS mutations.

Methods: This was a multicenter phase 1 study. HL-085 was administered twice daily in a standard 3 + 3 dose-escala-
tion design (10 dose cohorts; 0.5-18 mg twice daily), followed by dose expansion at the recommended phase Il dose
(RP2D). The primary endpoints included tolerability, dose-limiting toxicity (DLT), maximum tolerated dose (MTD) and
RP2D.

Results: Between September 13,2017, and January 18, 2021, 42 patients were enrolled (dose escalation phase:
n=30; dose expansion phase: n=12). No DLT was reported during dose escalation and MTD was not reached with
HL-085 doses up to 18 mg twice daily. The RP2D was 12 mg twice daily. The most common all-grade drug-related
adverse events (AEs) across all dose levels were rash (61.9%), increased creatine phosphokinase (CK, 59.5%), face
edema (50.0%), increased aspartate aminotransferase (47.6%), peripheral edema (40.5%), diarrhea (33.3%), alanine
aminotransferase (33.3%), and paronychia (19.0%), most of which were grade 1 and 2. Most frequency of grade >3
AEs were CK (14.2%), asthenia (7.1%), peripheral edema (4.8%), and acneiform dermatitis (4.8%). In the cohort of

12 mg twice daily dose (15 patients), confirmed objective response rate was 26.7%; disease control rate was 86.7%;
median duration of response was 2.9 months; median progression-free survival was 3.6 months.

Conclusions: The HL-085 showed acceptable tolerability and substantial clinical activity in patients with advanced
melanoma harboring NRAS mutations.

Trial registration: Trial registration ClinicalTrials.gov number: NCT03973151.
Keywords: HL-085, MEK inhibitor, Advanced melanoma, NRAS mutation, Circulating tumor DNA

Background

Melanoma was recognized as the most dangerous type of
skin cancer, especially for metastatic melanoma. Before
2011, metastatic melanoma was considered a devastating
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was only 9 months. Fortunately, the treatment landscape
has shifted dramatically during recent years [1]; targeted
therapies and immunotherapies have been shown to
improve clinical outcomes for patients with unresectable
or metastatic disease [1-5].

After BRAF mutations, NRAS mutations are the sec-
ond most common oncogenic driver genetic mutations
in melanoma [6-8]. BRAF inhibitors, including vemu-
rafenib and dabrafenib, have demonstrated efficacy in
patients with BRAF-mutated melanoma [9-11]; how-
ever, no targeted therapy has been approved for patients
with melanoma harboring NRAS mutations to date.
Since NRAS mutations cause aberrant activation of the
mitogen-activated protein kinase pathway in melanoma
[12], there is considerable interest in the development
of mitogen-activated extracellular signal-related kinase
(MEK) inhibitors as a novel treatment strategy that
could improve the clinical outcomes of these patients.
In a phase III trial, binimetinib (a selective MEK1/2
inhibitor) has shown improved progression-free sur-
vival (PFS) compared with dacarbazine in patients with
NRAS-mutated melanoma, which is a promising treat-
ment option for advanced melanoma; however, the main
regulatory authorities have not approved the treatment,
despite the positive results of the NEMO clinical trial, in
view of the cost—benefit ratio [13].

HL-085 is an orally active, selective MEK inhibitor that
suppresses MEK1 activity with a half-maximal inhibitory
concentration (ICs)) of 1.9-10 nM [14]. In vitro studies
showed cytotoxic responses in RAS/RAF-mutated cell
lines (A375, COLO-205 and HL-60) with IC; less than
1 nM (unpublished investigator brochure, Shanghai
KeChow Pharma.). In vivo studies demonstrated that oral
administration of HL-085 at 1 mg/kg in BRAF-mutated
COLO-205 and A375 xenografts models had high tumor
growth inhibition value (70-76% and 60-70%, respec-
tively) [14]. In vitro and in vivo mechanism studies
showed that HL-085 inhibited kinase activity of MEK1
and prevented RAS/RAF-dependent ERK phosphoryla-
tion, hence inhibiting the growth and proliferation of
tumor cells (unpublished investigator brochure, Shanghai
KeChow Pharma.).

This phase I trial was first-in-human trial to evaluate
the tolerability, preliminary efficacy, pharmacokinetics of
HL-085 in patients with advanced NRAS-mutated mela-
noma and explored potential biomarkers of treatment
efficacy. We report here the results of a phase 1 trial of
HL-085.

Methods

Study design

This was an open-label, single-arm, dose-escalation/
dose-expansion, phase I study comprising two phases:
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a dose-escalation phase and an expansion phase. The
dose-escalation phase adopted a standard 3+ 3 design
to determine the maximum tolerated dose (MTD), dose-
limiting toxicity (DLT), and the recommended phase II
dose (RP2D) of HL-085. In the dose-expansion phase,
patients were administered at the RP2D to further evalu-
ate the safety and efficacy of the HL-085.

This study was approved by local institutional review
boards and ethics committee at each trial center and was
conducted in line with good clinical practice guidelines,
Declaration of Helsinki, and relevant regulations. Prior
to study initiation, all patients provided written informed
consent. The study protocol was registered at clinicaltri-
als.gov (NCT03973151).

Patient eligibility

Eligible patients were aged 18-70 years; histologically or
cytologically confirmed, unresectable, stage III or IV mel-
anoma; with NRAS mutations in tissue biopsy samples
available at baseline tested by centralized laboratories;
with measurable lesions per Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1; Eastern Coopera-
tive Oncology Group (ECOG) performance score 0 or 1;
life expectancy of >3 months; and adequate hematologic,
renal, and hepatic function.

Patients were excluded if they had active central nerv-
ous system disease except for patients with stable brain
disease for > 3 months following stereotactic brain radio-
therapy or surgery; inability to swallow or any small intes-
tinal resection that would preclude adequate absorption
of the study drug; uncontrolled concomitant or infectious
diseases; history of retinal disease; prior treatment with
a specific MEK inhibitor; or known allergy to the study
drug or its analogs. Strong inducers or inhibitors of CYP
isozyme had to be discontinued>1 week before study
treatment.

Study procedures

HL-085 (Shanghai Kechow Pharmaceutical Research &
Development Co., Ltd, Shanghai, China) was adminis-
tered as 0.5 mg, 2.0 mg, and 6.0 mg capsules, twice daily
(BID), orally, with a cup of warm water on an empty
stomach (> 2 ours before or after a light meal). Based on
prior data on the pharmacodynamics, pharmacokinet-
ics, and toxicity of HL-085 in vivo and in vitro, as well
as the efficacy and safety of MEK inhibitors currently
under development, a starting dose of 0.5 mg BID was
selected for the dose-escalation phase. The dose was then
escalated in the following sequence: 1 mg BID, 2 mg BID,
3 mg BID, 4 mg BID, 6 mg BID, 9 mg BID, 12 mg BID,
15 mg BID, and 18 mg BID. The study planned to enroll
at least three evaluable patients in each dose group.
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Patients were evaluable if they had DLT from 7-day
run-in period to the end of the first 28-day treatment
cycle. DLT included the following conditions: grade 4
hematologic toxicity or grade 3 thrombocytopenia with
bleeding; any grade>3 non-hematologic AEs which
could not recover to <2 after treatment or with interrup-
tion of HL-085 for> 14 days, including nausea, vomit-
ing, rash, diarrhea, aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) elevation) abnormality;
any grade>3 ocular disorders and cardiac dysfunction
AEs which could not recover to grade <2 after treatment
or resulted in treatment interruption for > 14 days due to
toxicity.

Safety assessments

Adverse events (AEs) were monitored from the time of
informed consent until 30 days after the last study drug
administration. Safety assessments included evaluation
of vital signs, physical examination, ophthalmic examina-
tion, ECOG performance status, clinical laboratory tests
(routine blood tests, blood biochemistry, blood coagula-
tion function and standard urinalysis), 12-lead electro-
cardiogram, and echocardiogram. The severity of AEs
was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (ver-
sion 5.0).

Efficacy assessments

Efficacy evaluations were performed by computed
tomography or magnetic resonance imaging on base-
line (within 28 days before the first dose), cycle 2 day
1, and then every 2 cycles (8 weeks) from cycle 3 day
1(whether CT or MRI is selected, the evaluation meth-
ods and parameters need to be consistent in each cycle).
Response was evaluated by the investigator according to
RECIST, version 1.1. The efficacy analysis was conducted
in patients who have had at least one tumor evaluation,
and when someone meets the partial response (PR) or
complete response (CR) criteria, efficacy will be con-
firmed again at a subsequent time point (interval of at
least 4 weeks) before CR or PR is granted.

cfDNA extraction, library construction, and targeted
sequencing

Patient blood samples were collected and centrifuged
to separate peripheral blood lymphocytes from plasma.
Genomic DNA from peripheral blood lymphocytes and
cell-free DNA (cfDNA) from plasma were extracted using
the RelaxGene Blood DNA System (TianGen Biotech
Co., Ltd., Beijing, China) and the QIAamp Circulating
Nucleic Acid Kit (Qiagen, Hilden, Germany), respec-
tively. Circulating tumor DNA (ctDNA) was included in
cfDNA.
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Targeted capture was achieved using a panel of bioti-
nylated DNA probes which cover 605 cancer-related
genes (HapOncoCDx ", Roche). Amplified sample librar-
ies and the SeqCap EZ Library were hybridized accord-
ing to the manufacturer’s protocol. The captured libraries
were sequenced using PE150 paired-end sequencing on
the NovaSeq 6000 system (Illumina, Inc., San Diego, CA,
USA).

Raw data processing, alignment, mutation calling,

and annotation

Raw sequencing data were pre-processed using fastp
v0.12.6 (version 0.18.0), which included adapter trim-
ming, removal of low quality bases, and sliding window
trimming [15]. Clean reads were aligned to the hgl9
genome (GRch37) using Burrows-Wheeler Aligner (ver-
sion 0.7.15-r1140, default) [16]. Gencore (version 0.12.0)
and Samtools (version 0.1.19) were used to remove
duplicate reads and to generate pileup files for properly
paired reads with mapping quality > 60 [17, 18]. Somatic
variants were called using VarScan2 (version 2.3.8) [19].
A manual visual inspection step using GenomeBrowse
was applied to remove further artifacts. Somatic muta-
tion calls were annotated using ANNOVAR (version
2018-04-16) [20]. CNVKkit (version 0.9.3) and GeneFuse
(version 0.6.1) were used for detection of copy number
variation and structural variation, respectively [21, 22].

Statistical analysis

We tested no formal hypotheses in this study. For
descriptive analysis of clinical data, categorical data were
summarized as counts with percentages and continuous
data were summarized as medians with ranges. PFS was
depicted using Kaplan—Meier curves and were compared
between groups using the log-rank test. Statistical anal-
yses were conducted using SAS 9.4 (SAS Institute, Inc.,
Cary, North Carolina, USA).

Biomarker analyses were performed in R v2.0.0 and
maftools v2.8.0. Fisher’s exact test was used to compare
ctDNA mutations between groups. Correlation between
NRAS-variant allele frequency and tumor evaluations
was analyzed using the Pearson correlation coefficient or
nonparametric Spearman correlation test and was plot-
ted using the R package ggplot2 (v3.3.5).

All tests were two-sided. Adjusted P-values of <0.05 by
Fisher’s exact test were considered statistically significant.

Data availability
The data generated in this study are available within the
article and its appendix files.
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Results

Patients

Between September 13, 2017, and January 18, 2021,
42 patients were enrolled (median age: 56 years; 47.6%
women), including 30 patients in the dose-escalation
phase and 12 patients in the dose-expansion phase.
Twenty-23 patients (23/42, 54.8%) were acral melanoma,
and 13 patients (13/42, 31.0%) were mucosal melanoma.
Prior treatment included surgery in 41 patients (41/42,
97.6%), radiotherapy in 5 patients (5/42, 11.9%) and
medication in 36 patients (36/42, 85.7%). A total of 17
(17/42, 40.5%) patients had prior treatment with PD-1
and PD-L1 inhibitors. Baseline characteristics are sum-
marized in Table 1.

Pharmacokinetics

HL-085 exposure (area under the curve and maxi-
mum plasma concentration) is close to dose propor-
tional over the dose range of 0.5-15 mg twice daily
with minimal accumulation. The mean plasma termi-
nal half-life is 21.84 h—34.41 h. More detailed results of

Table 1 Baseline characteristics of included melanoma patients

Characteristic Total (N=42)
Median age, years (range) 56.0 (31.0,69.0)
Gender, N (%)
Female 20 (47.6)
Male 22 (52.4)
Median BMI, kg/m? (range) 24.2 (184, 36.0)
ECOG performance status, N (%)
0 15(35.7)
1 27 (64.3)
Pathological type, N (%)
Acral melanoma 23 (54.8)
Mucosal melanoma 13(31.0)
Other types of melanoma 6(14.3)
TNM stage, N (%)
I 5(11.9)
I\ 37(88.1)
Mutant of NRAS, N (%)
Q61R 21(50.0)
Q61K 7(16.7)
Q61L 3(7.1)
Q61H 1(24)
G12D/G12R/G12S/G13C/G60E/G13R 10 (23.8)
Prior treatment, N (%)
Surgery 41 (97.6)
Radiotherapy 5(11.9)
Medication 36 (85.7)
Prior PD-1/PD-L1 inhibitor, N (%) 17 (40.5)

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PD-1,
programmed cell death 1; PD-LT programmed cell death ligand 1
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the pharmacokinetic analysis of the parent study are
described in another article which was recently published
by Qian Zhao et al. [23].

DLT, MTD, and RP2D

In the escalation phase, patients were enrolled into 10
cohorts (0.5-18 mg BID), no DLT were observed, and
MTD was not reached. Nine milligrams and above dose
can achieve the target exposure, the 15 mg and above
dose group had increased safety risks, with drug-related
AE leading to discontinuation (cardiotoxicity, ocular tox-
icity, and interstitial pneumonia), whereas the 12 mg dose
group had no drug-related AE leading to discontinuation.
As the dose of HL-085 increased, clinical efficacy began
to be observed. No subjects achieved PR in the 6 mg dose
and below group, while patients achieved PR in the 9 mg
and above dose group. The confirmed ORR was 14.3% in
all dose groups which was as high as 26.7% in the 12 mg
dose group. Based on the available safety, efficacy, phar-
macokinetic analysis, and pharmacodynamic analysis,
12 mg BID was identified as the RP2D and selected for
dose expansion.

Safety and tolerability

Safety data for all patients in the study were combined.
Table 2 shows drug-related AEs with a frequency of at
least 10%. Adverse events in the DLT evaluation period
and the whole study period were presented in detail
in Additional file 1: Table S1. Drug-related AEs were
reported in 36 patients (36/42, 85.7%). The most common
AEs in all cohorts were rash (26/42, 61.9%), increased
creatine phosphokinase (CK) (25/42, 59.5%), face edema
(21/42, 50.0%), increased AST (20/42, 47.6%), peripheral
edema (17/42, 40.5%), diarrhea (14/42, 33.3%), increased
ALT (14/42, 33.3%), and paronychia (8/42, 19.0%), most
of which were grades 1-2. The most frequent grade >3
AEs were increased CK (3/42, 7.1%), asthenia (3/42,
7.1%), acneiform dermatitis (2/42, 4.8%), and peripheral
edema (2/42, 4.8%).

Drug-related AEs leading to drug interruption or dose
reduction were observed in 19 patients (19/42, 45.2%); all
dose occurred, except 0.5 mg, 1 mg, and 2 mg dose group.
The most common AE include the following: increased
CK (6/42, 14.3%), fatigue (3/42, 7.1%), peripheral edema,
acne-like dermatitis, ambiguous state of consciousness
4.8% (2/42). In this trial, ambiguous state of conscious-
ness were observed in 2 patients, 12 mg and 18 mg dose
group respectively. The one occurred in 12 mg dose, died
8 days later due to extensive disease progression and
abdominal tumor rupture and hemorrhage; the investiga-
tors evaluated that the ambiguous state of consciousness
was associated with disease progression. The other one
occurred in 18 mg dose, symptoms disappeared and no
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sequelae after 5 days later. All the others occurred in 1
case.

Drug-related AEs leading to drug discontinuation were
only observed in 3 patients (3/42, 7.1%) due to ejection
fraction decreased (15 mg cohort), interstitial lung dis-
ease (18 mg cohort), and retinal artery occlusion (18 mg
cohort). According to the study, DLT were evaluate from
7-day run-in period to the end of the first 28-day treat-
ment cycle. However, the 3 AEs were not occurred during
the DLT evaluation period, so they were not considered
DLT. No drug-related deaths occurred.

Skin toxicity were the most frequent treatment-related
AEs in this study (Table 2) especially for rash, but all of
them were grade 1 or 2. The second most common AE
was increased CK, most of which were asymptomatic and
only a small proportion of patients had mild muscle sore-
ness and fatigue. Six patients (6/42, 14.3%) with increased
CK were resolved upon interruption or dose reduction
of HL-085. Increased AST, increased ALT, diarrhea, face
edema, and peripheral edema were manageable with
concomitant medications.

Treatment-related ocular AEs were recorded in 8
patients (8/42, 19%), such as eye discomfort, blurred
vision, retinal aneurysm, retinal artery occlusion, retinal
hemorrhage, chorioretinopathy, macular edema, cata-
ract, and intraocular hypertension. Most cases of ocular
AEs were grade 1-2 and did not require drug suspen-
sion or dose reduction; only one patient (retinal artery
occlusion, 18 mg cohort) required discontinuation of
HL-085 and received concomitant medications (such as
Compound Tropicamide Eye Drops, Timolol Maleate Eye
Drops, Triamcinolone acetonide acetate injection, com-
pound betamethasone injection).

Most of heart toxicity AEs were grade 1-2 and asymp-
tomatic such as electrocardiogram ST-T segment abnor-
mality, electrocardiogram T wave abnormality, and

Table 3 Tumor response based on investigator assessments
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arrhythmia (grade 1, symptomatic resolution without
sequelae). Only one patient with decreased ejection frac-
tion (15 mg cohort) required discontinuation of HL-085.

Respiratory, thoracic, and mediastinal disorders
include pneumonitis, dyspnea, interstitial lung disease,
and productive cough (each event only in one patient),
most of which were grade 1-2. Grade 3 interstitial lung
disease (18 mg cohort) was resolved upon discontinua-
tion of HL-085.

Treatment efficacy

At the time of analysis, among all patients, no patient
achieved CR; 6 patients (6/42, 14.3%) achieved confirmed
PR; 24 patients (24/42, 57.1%) attained stable disease (SD,
Table 3). Clinical efficacy of each dose group were pre-
sented in detail in Additional file 1: Table S2. Confirmed
objective response rate (ORR) was 14.3% (95% confi-
dence interval [CI]: 5.4%, 28.5%). Disease control rate
(DCR) was 78.6%. Median duration of response (DoR)
was 3.6 months (95% CI: 0.6, 6.2). Median progression-
free survival (PFS) was 3.0 months (95% CI: 2.1, 3.7).

In the 12 mg cohort, 4 patients (4/15, 26.7%) achieved
confirmed PR and 6 patients (6/15, 40.0%) attained SD,
providing confirmed ORR of 26.7% and a DCR of 86.7%.
Median DoR in this cohort was 2.9 months (95% CI:
0.6, 5.5), and median PFS was 3.6 months (95% CI: 1.8,
5.5). Best overall response and best tumor change from
baseline in the 12 mg cohort during the phase expansion
phase is shown in Fig. 1. Spider plot is shown in Fig. 2 to
facilitate understanding of the response depending on
the administered dose.

In order to evaluate associations between efficacy
and pathologic subtypes and NRAS mutation types, we
performed a subgroup analysis among the 15 patients
in the 12 mg cohort who have at least one tumor eval-
uation. However, pathologic melanoma subtype and

Best overall response 12mg (N=15) 15mg (N=3) 18 mg(N=3) All doses(N =42)
n (%) n (%) n (%) n (%)

CR, 0 0 0

PR, 4 0 1

SD, 6 3 1 24

ORR¥ (95%Cl) 26.7% (7.8, 55.1) 0(0.0) 33.3% (0.8, 90.6) 14.3% (5.4, 28.5)

DCR (95%Cl)
DOR (months) (95% Cl)
PFS (months) (95% Cl)

86.7% (59.5, 98.3)
29(06,55) NA
36(18,55)

100.0% (29.2, 100.0)

4.8(2.2,4.8)

66.7% (9.4, 99.2)
/)
76(1.0,7.6)

78.6% (63.2, 89.7)
36(06,6.2)
30(21,3.7)

# Confirmed PR
& Confirmed ORR

Cl, confidence interval; CR, complete remission; DCR, disease control rate; DoR, duration of response; ORR, objective response rate; PFS, progress-free survival; PR,

partial remission; SD, stable disease; /, not evaluation; NA, not available



Wang et al. BMC Medicine (2023) 21:2 Page 7 of 12
a
01031 G12S
01035 Q61R
01043 Q61R
08005 > Q61R
01028 G12D
08002 Q61R
01045 Q61R
01047 Q61R
02003 Q61K
08003 61K
Q Overall response
02005 Q61R @ Partial response
W Stable disease
03004 Q61R A Progressive disease
» Treatment ongoing
03003 Q61R x End of Treatment
@ 12m
01038 Q61K
08001 Q61K
T T T T T T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Duration (Weeks)
- Treatmentgroup [ 12mg |
50
S 307
()
=
K] 104
(%]
©
i)
S -104
iy
& -30
=
2 G12s
Y 50 WBIR - ge1r
= Q61R
[
is]
-70
-90 41
110+ [061K

Fig. 1 Response to treatment in the 12 mg cohort. Best overall treatme
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NRAS mutation were not significantly correlated with
ORR, DCR. The median PFS was 114.0 days [95% CI:
58.0-not evaluation (NE)] in Q61R mutant patients
and 64.5 days (28.0-NE) in Q61K mutant patients
(p=0.0431). As for pathologic subtypes, there was no

statistical difference in the median PFS (p=0.1698).
The deficient number of cases may be one reason
for this result, whether there is a specific correlation
requires further verification by large samples. (Addi-
tional file 1: Table S3-S6, Fig. S1(A) and Fig. S1(B)).
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ctDNA analyses

Among 27 patients with baseline blood samples available
for ctDNA analysis, NRAS mutation was detected in 21
samples (21/27, 78%). Positive NRAS mutation status in
blood samples was consistent with corresponding tissue
samples in 100% of cases (Additional file 1: Fig. S2).

The correlation between NRAS variant allele frequency
(vaf) and treatment efficacy is presented in Fig. 3. The
NRAS-vaf change curve completely or partly reflected con-
ventional tumor evaluations in all but 4 patients (in whom
NRAS mutation was not detectable at all assessments). In
the remaining 23 patients, the NRAS-vaf change curve com-
pletely reflected tumor evaluations in more than half of the
patients, while only one or two points failed to reflect tumor
evaluation among the other patients (Fig. 3) The NRAS-vaf
change from baseline in the PD patients was significant dif-
ferent from that in PR patients and SD patients (p=0.016
and p=0.006, respectively; Fig. 4). These data suggest that
non-invasive detection of NRAS-vaf in ctDNA has high
accuracy for predicting disease progression in this setting.

Discussion

Our findings showed that HL-085 was well tolerated,
with the most common AEs of skin-related AEs and
increased CK were manageable. No DLT occurred in

the dose- escalation phase and MTD was therefore not
reached. Anti-tumor activity were first observed in the
4 mg dose cohort with PR first observed at the 9 mg
dose, suggesting dose-dependent anti-tumor activity of
HL-085. Toxicity of HL-085 increased with dose (res-
piratory, thoracic and mediastinal disorders, cardiac
disorders and eye disorders requiring discontinuation of
HL-085 in the 15 and 18 mg dose cohorts). Based on the
absence of severe toxicity and promising evidence of effi-
cacy in the dose-escalation phase, 12 mg BID was identi-
fied as the RP2D for HL-085 and was selected for dose
expansion.

In this study, the most common AEs included rash,
increased CK, increased AST, face edema, increase ALT,
peripheral edema, and diarrhea. The AEs profile was sim-
ilar to those seen with other MEK inhibitors in previous
trials [13, 24, 25]. The incidence of drug-related grade 3/4
AEs with HL-085 was numerically lower than previously
reported for binimetinib, which may be due to differ-
ences in study populations (most of melanoma patients
in our study were acral melanoma and mucosal mela-
noma while most patients were cutaneous in Caucasian),
or use of a lower dose of HL-085 in this study compared
with that of binimetinib in previous trials [26, 27]. Similar
to previous studies of MEK inhibitors, ocular toxicity and
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cardiac toxic effects were also reported in our study but
only occurred in one or two patients and most of which
were grade 1-2. However, monitoring of ophthalmologic
examinations and cardiac function will continue in future
studies. The observation of thoracic and mediastinal

disorders, cardiac disorders, and eye disorders in the
HL-085 15 mg and 18 mg cohorts imply more severe tox-
icity at higher doses of HL-085, which warrants further
attention.
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As shown in the spider plot (Fig. 1), during the first
imaging assessment period (4 weeks after first admin-
istration), target lesion shrinkage was observed in most
patients. With the dose of HL-085 increased, clinical
efficacy began to be observed, no subjects achieved
PR in the 6 mg dose and below group, while patients
achieved PR in the 9 mg and above dose group. The
efficacy of the RP2D may have an improvement than
previous phase 3 of binimetinib in NRAS mutant mel-
anoma (ORR: 26.7% vs 15%, DCR: 86.7% vs 58%, PFS:
3.6 months vs 2.8 months) [13]; we look forward to fur-
ther validation in a large sample. The promising results
with HL-085 might be attributable to the drug’s phar-
macokinetic and pharmacodynamics profile, which
allows sustained target inhibition and distinguishes
HL-085 from other clinically tested MEK inhibitors.
Overall, these data indicate the promising potential of
HL-085 as a novel therapeutic agent for patients with
advanced melanoma with NRAS mutations. However,
small number of cohort (15 patients) at 12 mg was the

limitation and further research was needed in large
number cohort.

Syeda et al. [28] conduct a study to explore the asso-
ciation of ctDNA concentrations and efficacy in patients
with advanced melanoma treated with dabrafenib or
dabrafenib plus trametinib; the results suggests that pre-
treatment and on-treatment BRAFV600-mutant ctDNA
measurements could serve as independent, predictive
biomarkers of clinical outcome with targeted therapy.
Boerlin et al. [29] reveal that ctDNA was detectable in
a statistically significantly larger proportion of patients
with distant metastases (79%) than in patients with no
distant metastases or only intracranial metastases (32%).
Patients with detectable ctDNA was associated with
shorter OS in univariate and multivariate analyses. Feng
et al. [30] conducted a systematic review and meta-anal-
ysis which involved a total of 617 melanoma patients;
the results also revealed that compared with baseline
undetectable ctDNA patients, detectable ctDNA was
highly correlated with poor OS and PES. Investigation
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and application of ctDNA will improve “liquid biopsy”
and play a role in early prediction, monitoring disease
progression, and precise adjusting treatment strategies
in melanoma patients. Several previous studies also have
indicated that ctDNA could partly reflect treatment effi-
cacy in patients with melanoma [28, 31, 32]. In the pre-
sent study, NRAS mutational status by ctDNA analysis
was highly consistent with that observed in tumor tis-
sue. Furthermore, changes in NRAS variant allele fre-
quency in ctDNA were highly correlated with changes
in tumor size, which is partly in line with a previous
study [28]. These findings suggest that ctDNA, as a non-
invasive marker, has the potential for predicting disease
progression.

Conclusions

In conclusion, this phase I trial established the RP2D of
HL-085 as 12 mg BID in patients with advanced mela-
noma with NRAS mutations. HL-085 had an acceptable
tolerability profile and showed promising clinical benefits
in this setting, supporting further investigation of HL-085
12 mg BID in clinical trials. Phase 2 monotherapy studies
in NRAS mutant melanoma and novel combination stud-
ies are ongoing.
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