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Abstract
Background  Tunlametinib (HL-085) is a novel, highly selective MEK inhibitor with substantial clinical activities 
in patients with NRAS-mutant melanoma. This phase I study evaluated the safety and preliminary efficacy of 
tunlametinib plus vemurafenib in patients with advanced BRAF V600-mutant solid tumors.

Methods  Patients with confirmed advanced BRAF V600-mutant solid tumors who had progressed on or shown 
intolerance or no available standard therapies were enrolled and received tunlametinib plus vemurafenib. This study 
consisted of a dose-escalation phase and a dose-expansion phase. Primary end points of this study were safety, the 
recommended phase II dose (RP2D), and preliminary efficacy.

Results  From August 17, 2018 to April 19, 2022, 72 patients were enrolled. No dose-limiting toxicities occurred, and 
the maximum tolerated dose was not reached. The RP2D for BRAF V600-mutant non-small cell lung cancer (NSCLC) 
patients was tunlametinib 9 mg plus vemurafenib 720 mg, twice daily (BID, bis in die). Until the data cut-off date 
of December 15, 2023, of 33 NSCLC patients with evaluable disease, the objective response rate (ORR) was 60.6% 
(20/33; 95% confidence interval [CI], 42.1–77.1), the median progression free survival (PFS) was 10.5 months (95%CI, 
5.6–14.5) and median duration of response (DoR) was 11.3 months (95%CI, 6.8-NE). At the RP2D, ORR was 60.0% 
(9/15; 95% CI, 32.3–83.7), the median PFS was 10.5 months (95%CI, 5.6 -NE) and median DoR was 11.3 months (95%CI, 
3.9-NE). Of 24 colorectal cancer patients with evaluable disease, the ORR was 25.0% (6/24; 95% CI, 5.6-NE). All 72 
patients had treatment-related adverse events (TRAEs), and the most common grade 3–4 TRAEs were anemia (n = 13, 
18.1%) and blood creatine phosphokinase increased (n = 10, 13.9%). Tunlametinib was absorbed rapidly with Tmax of 
0.5–1 h. Vemurafeinib did not influence the system exposure of tunlametinib and vice versa, indicating no drug-drug 
interaction for this combination.
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Background
V-Raf murine sarcoma viral oncogene homolog B (BRAF) 
is an important protein kinase in the mitogen-activated 
protein kinase (MAPK) pathway, which plays a critical 
role in the modulation of cell growth, proliferation, sur-
vival, and differentiation; as such, activating BRAF muta-
tions are key drivers of oncogenesis [1]. BRAF mutations 
are reported in a variety of human cancers, including 
melanoma (40-50%) [2], thyroid carcinoma (29-83%) [3], 
colorectal cancer (CRC; 10-20%) [4], and non-small cell 
lung cancer (NSCLC; 2-4%) [5]. The most frequent BRAF 
mutation is at BRAF V600, which represents a nega-
tive prognostic factor in different cancers [3, 6, 7]. For 
patients with NSCLC or CRC harboring this mutation, 
chemotherapy or immune checkpoint inhibitor therapy 
provides limited clinical benefits [7, 8].

Although BRAF inhibitors (BRAFi) as monotherapy 
showed clinical activity in a fraction of patients with 
BRAF V600-mutant advanced NSCLC, disease progres-
sion occurred after a median of 5 to 6.5 months in this 
patient population [9, 10]. One mechanism underlying 
acquired resistance and relapse during BRAFi monother-
apy is reactivation of the MAPK pathway through a spec-
trum of genetic alterations or activation of other proteins 
[11]. The combination of a BRAFi with a MEK inhibitor 
(MEKi) has shown improved efficacy over BRAF block-
ade alone in patients with BRAF V600-mutant advanced 
NSCLC, as evidenced by improved tumor response and 
progression-free survival (PFS) with dabrafenib plus 
trametinib in this patient population. For pretreated 
patients, the objective response rate (ORR) and median 
PFS was 63.9% (95% confidence interval [CI], 46.2–79.2) 
and 10.2 months (95% CI, 6.9–16.7), respectively. For 
treatment-naive patients, the ORR and median PFS was 
68.4% (95% CI, 54.8–80.1) and 10.8 months (95% CI, 7.0-
14.5), respectively [12]. However, the clinical activity of 
dabrafenib plus trametinib in patients with BRAF V600-
mutant metastatic CRC was modest (ORR 7%; PFS, 3.5 
months [95% CI, 3.4-4.0]) [13], and the current targeted 
treatment strategy for these patients employs a BRAFi 
plus an epidermal growth factor receptor (EGFR) inhibi-
tor, which is indicated for use after failure of first-line 
chemotherapy [14]. It remains to be determined whether 
alternative BRAFi and MEKi combinations can provide 
clinical benefits for patients with BRAF V600-mutant 
advanced NSCLC, and other solid tumors.

Tunlametinib (HL-085) is a novel, selective inhibi-
tor of MEK that exhibits high inhibitory activity against 
MEK1 and moderate activity against MEK2, devel-
oped by Shanghai Kechow Pharma, Inc., Shanghai, the 
People’s Republic of China [15]. In preclinical stud-
ies, tunlametinib showed antitumor activity in a variety 
of tumor cell lines and tumor xenograft models. Tun-
lametinib blocked proliferation of RAS/RAF-mutated 
cell lines, including A375, Colo 205, Calu-6, and HT29, 
while showing low antiproliferative activity in normal 
human cell lines and RAS/RAF wild-type H1975 cells. 
Tunlametinib showed tumor growth inhibition values 
of 70–76% in a BRAF-mutant Colo 205 xenograft model 
and 60–70% in a BRAF-mutant A375 xenograft model 
[15, 16]. In addition, synergistic antitumor effect was 
observed when tunlametinib was administered in com-
bination with vemurafenib in an A375 xenograft model 
(data unpublished). In a previous phase I study of tun-
lametinib monotherapy in patients with melanoma, a 
tolerable safety profile was demonstrated with twice daily 
(bis in die, BID) administration. Tunlametinib concen-
trations increased in a general dose-proportional man-
ner across the dose range (0.5–18 mg) and showed slight 
accumulation after multiple dosing [15]. In the same trial, 
monotherapy of tunlametinib demonstrated good tol-
erability and clinical benefit, with an ORR of 26.7% and 
a disease control rate (DCR) of 86.7% in patients with 
advanced melanoma harboring NRAS mutations [17].

We conducted this phase I study to evaluate the safety, 
pharmacokinetics (PK), and preliminary efficacy of tun-
lametinib plus vemurafenib in patients with advanced 
solid tumors harboring BRAF V600 mutations.

Methods
Study design and treatment
This open-label, single-arm, multicenter, phase I study 
was conducted at 10 hospitals in the People’s Republic of 
China, consisted of a dose-escalation phase and a dose-
expansion phase. Here, we report the safety, efficacy and 
PK results for all patients enrolled in this study.

Dose escalation followed a 3 + 3 design. Based on the 
PK result of tunlametinib in vivo and in vitro studies, 
the acute and prolonged toxicity in rodents and non-
rodents studies, compared to the efficacy and safety 
data of congeneric MEK inhibitors, using a quantita-
tive pharmacological calculation method, the starting 

Conclusions  Tunlametinib (HL-085) plus vemurafenib had a favorable safety profile and showed promising antitumor 
activity in patients with BRAF V600-mutant solid tumors. The RP2D for NSCLC was tunlametinib 9 mg BID plus 
vemurafeinib 720 mg BID.
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dose of 0.5  mg BID was established as a safety level in 
the Phase I trail of its monotherapy in advanced mela-
noma with NRAS mutations [15, 17]. In the tunlametinib 
monotherapy study, the treatment-related adverse events 
(TRAEs) leading to permanent discontinuation were 
interstitial lung disease and retinal artery occlusion in 
the 18  mg dose group. Therefore, we considered 15  mg 
as the maximum tolerated dose (MTD) for tunlametinib 
monotherapy.

In the dose-escalation phase, patients received tun-
lametinib at dose levels of 0.5, 6, 9, 12, and 15 mg BID, 
together with vemurafenib 960 mg BID, in 21-day cycles. 
The Dose-limiting toxicity (DLT) and the MTD were 
assessed. Detailed definitions are provided in the Supple-
mentary Material (online only).

In the dose-expansion phase, the dose regimens of 
tunlametinib 12 mg BID plus vemurafenib 960 mg BID, 
tunlametinib 12 mg BID plus vemurafenib 720 mg BID, 
andtunlametinib 9 mg BID plus vemurafenib 720 mg BID 
were further evaluated.

Patients
Eligible patients were adults with advanced BRAF V600-
mutant solid tumors in the dose-escalation phase, or 
BRAF V600E-mutant stage IIIB/IIIC/IV NSCLC in the 
dose-expansion phase. Patients had failed or were intol-
erant or resistant to standard therapies or had no avail-
able standard therapies. Patients were required to have at 
least one measurable lesion as defined by the Response 
Evaluation Criteria in Solid Tumors (RECIST) version 
1.1, an Eastern Cooperative Oncology Group perfor-
mance status score of 0 or 1 at study entry, life expec-
tancy of ≥ 3 months, and adequate organ function.

Key exclusion criteria included: prior treatment with 
specific MEKi or BRAFi; known hypersensitivity to study 
drug or accessories; active central nervous system metas-
tasis; uncontrolled concomitant diseases or infectious 
diseases; and use of strong inducers or inhibitors of CYP 
isozyme within 1 week before study treatment. Details of 
the inclusion and exclusion criteria are provided in the 
Supplementary Material (online only).

This study was conducted in compliance with the 
principles of the Declaration of Helsinki, Good Clini-
cal Practice guidelines, and local applicable regulatory 
and ethics committee requirements for clinical trials. 
All patients provided written informed consent before 
enrollment. The ClinicalTrials.gov registration number is 
NCT03781219.

End points
Primary end points were safety, determination of the 
MTD and DLT in patients with advanced BRAF V600-
mutant solid tumors, and determination of the recom-
mended phase II dose (RP2D) in patients with advanced 

BRAF V600-mutant NSCLC. Secondary end points 
included ORR, duration of response (DoR), DCR, PFS, 
and PK profiles. Definitions of secondary efficacy end 
points were presented in the Supplementary Material 
(online only).

Assessments
Safety assessments included treatment-emergent adverse 
events (TEAEs), TRAEs, serious adverse events (SAEs), 
vital signs, physical examinations, and laboratory tests. 
AEs were graded per the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version 
5.0.

Efficacy was evaluated by tumor assessment via com-
puted tomography or magnetic resonance imaging as 
per the RECIST version 1.1. Tumor assessments were 
performed at baseline, day 1 of cycle 2 (the time win-
dow was ± 3 days), and every 2 cycles thereafter, by the 
investigators.

PK assessments were performed using a validated 
ultra-performance liquid chromatography-tandem mass 
spectrometry method. BRAF V600 mutation assessments 
for patients who had a prior test report were conducted 
at the study hospitals or qualified independent third-
party laboratory as central laboratory, using the histolog-
ical/cytological methods. Details for measurement of PK 
is described in the Supplementary Material (online only).

Sample size estimation
The dose-escalation phase of this study followed the 
3 + 3 principle to enroll patients for each dose group, 
and the sample size depended on occurrence of DLTs 
and the number of dose groups. Considering BRAF as 
a rare mutation, the China National Medical Products 
Administration (NMPA) recommended 10–20 patients 
to be enrolled for the registration trial of safety and effi-
cacy data. Therefore, in the dose-expansion phase of 
this study, 12 to 24 patients were enrolled for each dose 
group. Based on the safety, efficacy, and PK results, the 
expansion cohorts and enrolled patient number were 
decided by the discussion between the investigator and 
sponsor.

Statistical analysis
After all patients have completed at least 12 weeks (4 
cycles) of study treatment or discontinued, the primary 
data analysis will be performed. DLT and MTD were 
assessed in the DLT analysis set, defined as patients who 
experienced a DLT during the first cycle or had taken 
at least 80% of the planned study drug doses and com-
pleted all safety evaluations. The safety set (SS) included 
patients who received at least one dose of study drug. 
Efficacy analysis set was the full analysis set (FAS), which 
comprised all patients who received at least one dose of 
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study drug and had baseline data. Efficacy was analyzed 
in prespecified subgroups: all NSCLC patients, all CRC 
patients, all papillary thyroid carcinoma (PTC) patients, 
all melanoma patients and all pancreatic cancer patients 
in this study. The PK analysis set comprised patients who 
received at least one dose of study drug, had at least one 
PK assessment after treatment, and had no major proto-
col violations that affected the PK evaluation. The inci-
dence and 95% CI of ORR and DCR were estimated using 
the exact (Clopper-Pearson) method. The median DoR 
and median PFS were calculated using Kaplan–Meier 
statistics with 95% CIs. Statistical analyses were con-
ducted using SAS version 9.4 (SAS Institute, Cary, North 
Carolina, USA).

Results
Demographic and baseline characteristics
From August 17, 2018 to April 19, 2022, a total of 72 
patients with BRAF V600-mutant solid tumors were 
enrolled; the data cut-off date of this study was Decem-
ber 15, 2023. Patient disposition is presented in Fig.  1, 
and the demographic and baseline characteristics are 

presented in Table 1. All patients have completed the 12 
weeks of treatment or discontinued treatment caused by 
disease progression, unacceptable toxicity, withdrawal 
of consent, or death. The median duration of treatment 
was 5.3 months (Q1-Q3: 2.7–8.6). Among all patients 
enrolled, the tumor types included NSCLC (n = 36, 
50.0%), CRC (n = 25, 34.7%), melanoma (n = 6, 8.3%), 
PTC (n = 4, 5.6%), and pancreatic cancer (n = 1, 1.4%). The 
median duration of treatment was 4.4 months (Q1-Q3: 
2.5–8.2) for tunlametinib and 4.3 months (Q1-Q3: 2.5–
7.2) for vemurafenib. Demographic and baseline charac-
teristics by dose group are listed in Supplementary Table 
S1 (online only).

In 36 patients with NSCLC enrolled across the dose-
escalation and the dose-expansion phases, the median 
duration of treatment was 5.7 months (Q1-Q3: 3.7–11.8) 
for tunlametinib and 5.7 months (Q1-Q3: 3.7–11.0) for 
vemurafenib. In the FAS of 33 patients with evaluable dis-
ease, 45.5% (15/33) patients had received prior systemic 
antitumor therapy, and 54.5%(18/33) patients were treat-
ment naïve. Demographic and baseline characteristics for 

Fig. 1  Study design and patient disposition. All dose groups were given study drug treatment twice daily (BID). BID, Bis In Die; CRC, colorectal cancer; 
NSCLC, non-small cell lung cancer; PTC, papillary thyroid carcinoma; PDAC, pancreatic ductal adenocarcinoma
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the NSCLC cohort by dose group are listed in Supple-
mentary Table S2 (online only).

In 25 patients with CRC, the median duration of treat-
ment was 5.6 months (Q1-Q3: 2.7–7.6) for tunlametinib 
and 5.6 months (Q1-Q3: 2.7–7.6) for vemurafenib. 
Twenty-four (96.0%) patients with CRC had received 
prior antitumor therapy.

Of the 4 patients with PTC, all were radioactive iodine-
refractory differentiated thyroid cancer (RAIR-DTC), the 
median duration of treatment was 4.7 months (Q1-Q3: 
1.7–10.3) for tunlametinib and 3.5 months (Q1-Q3: 1.7–
6.3) for vemurafenib.

6 patients of Melanoma had all previously treated 
with systemic therapy (interferon, or dacarbazine plus 
cisplatin etc.). The median duration of treatment was 
2.9 months (Q1-Q3: 0.8-5.0) for tunlametinib and 2.9 
months (Q1-Q3: 0.8–7.7) for vemurafenib.

1 patient with pancreatic cancer, whose pathology type 
was pancreatic ductal adenocarcinoma (PDAC), this 
patient was previously heavily treated. The median dura-
tion of treatment was 3.5 months for both tunlametinib 
and vemurafenib.

Safety
No DLTs occurred across all dose groups in the dose-
escalation phase, and the MTD was not reached. All 
72 patients in the dose-escalation and dose-expansion 
phases were included in the SS. The most common 
TRAEs were anemia (61.1%, 44/72), blood creatine phos-
phokinase increased (56.9%, 41/72), and rash (54.2%, 
39/72). The incidence of ≥ grade 3 TRAEs was 59.7% 
(43/72) and serious TRAEs was 31.9% (23/72; Supple-
mentary Table S3, online only) across all doses. A sum-
mary of TRAEs ≥ 15% is listed in Table  2. The most 
frequent ≥ grade 3 TRAEs were anemia (18.1%, 13/72) 
and blood creatine phosphokinase increased (13.9%, 
10/72). Among all TRAEs, 16.7% (12/72) were reported 
with ejection fraction decreased, 15.3% (11/72) patients 
with blurred vision, and 12.5% (9/72) with QT interval 
prolongation.

11.1% (8/72) patients experienced TRAEs leading to 
study drug discontinuation, most occurred in the tun-
lametinib 12 mg BID plus vemurafenib 960 mg BID and 
tunlametinib 15  mg BID plus vemurafenib 960  mg BID 
dose groups (Supplementary Table S3, online only). The 
most common TRAE leading to study drug discontinu-
ation was ejection fraction decreased (2.8%, 2/72). 6.9% 
(5/72) patients experienced TEAEs leading to death, 
including 2 deaths due to poor basic cardiopulmonary 
function, 2 due to disease progression and 1 due to sud-
den death. One report of sudden cardiac death was 
considered related to the study drug treatment of tun-
lametinib 12  mg BID plus vemurafenib 720  mg BID, as 
assessed by the investigator. Other deaths were consid-
ered not related to the study drug treatment, as assessed 
by the investigators.

During cycle 2–4, TRAEs leading to study drug discon-
tinuation were reported in 26.7% (4/15) of patients in the 
tunlametinib 12  mg BID plus vemurafenib 960  mg BID 
dose group and over 50% of patients experienced a TRAE 
leading to dose adjustment in the tunlametinib 12  mg 
BID plus vemurafenib 720 mg BID dose group.

In the tunlametinib 9 mg BID plus vemurafenib 720 mg 
BID dose group of NSCLC patients, the incidence of 
≥ grade 3 TRAEs were 35.3% (6/17) and serious TRAEs 
were 29.4% (5/17); the ORR, median DoR, and median 
PFS were 60.0% (95% CI, 32.3–83.7), 11.3 months (95% 
CI, 3.9-NE), and 10.4 months (95% CI, 5.6-NE), respec-
tively. Therefore, the tunlametinib 9 mg BID plus vemu-
rafenib 720 mg BID group was determined as the RP2D 
for patients with BRAF V600-mutant NSCLC according 
to the better tolerability and consistent efficacy compared 
with the other study drug dose groups.

Efficacy.
The efficacy outcomes of NSCLC patients are shown 

in Table 3; Fig. 2, and Fig. 3; efficacy outcomes of CRC, 
PTC, melanoma and PDAC patients are presented in 
Supplementary Table S4 and Supplementary Fig S1 and 
Fig S2 (online only). The swimmer and waterfall plots of 

Table 1  Demographic and baseline characteristics
All Patients NSCLC Patients CRC

Patients
PTC
Patients

Melanoma
Patients

PDAC
Patients

No. of patients 72 36 25 4 6 1
Age, median (range), years 57 (32–81) 60 (37–81) 53 (32–67) 52(37–68) 53(33–66) 47
Sex, No. (%)
  Male 39 (54.2) 19 (52.8) 15 (60.0) 2 (50.0) 2 (33.3) 1 (100.0)
  Female 33 (45.8) 17 (47.2) 10 (40.0) 2 (50.0) 4 (66.7) 0
ECOG PS, No. (%)
  0 32 (44.4) 16 (44.4) 9 (36.0) 3 (75.0) 4 (66.7) 0
  1 40 (55.6) 20 (55.6) 16 (64.0) 1 (25.0) 2 (33.3) 1 (100.0)
BRAF V600 mutation, No. (%) 72 (100.0) 36 (100.0) 25 (100.0) 4 (100.0) 6 (100.0) 1 (100.0)
Abbreviations: CRC, colorectal cancer; ECOG, Eastern Cooperative Oncology Group; PS, performance status; NSCLC, non-small cell lung cancer; PDAC, pancreatic 
ductal adenocarcinoma; PTC, papillary thyroid carcinoma
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all patients are presented in Supplementary Fig S3 (online 
only).

NSCLC patients
Among 36 NSCLC patients, three patients were excluded 
from the FAS due to lack of baseline target lesions. Of 

33 patients with baseline target lesions included in the 
FAS, 6.1% (2/33) achieved complete response (CR), 
54.5% (18/33) achieved partial response (PR), and 27.3% 
(9/33) experienced stable disease (SD). Patients with CR 
and PR contributed to an ORR of 60.6% (20/33; 95% CI, 
42.1–77.1) and those with CR, PR, and SD contributed 

Table 2  Incidence of TRAEs ≥ 15% (by preferred term)
No. (%) All Patients (N = 72) NSCLC Patients (N = 36) CRC Patients (N = 25)

Any Grade ≥ Grade 3 Any Grade ≥ Grade 3 Any Grade ≥ Grade 3
TRAEs ≥ 15%
Anemia 44 (61.1) 13 (18.1) 19 (52.8) 1 (2.8) 19 (76.0) 9 (36.0)
Blood creatine phosphokinase increased 41 (56.9) 10 (13.9) 24 (66.7) 5 (13.9) 10 (40.0) 1 (4.0)
Rash 39 (54.2) 3 (4.2) 18 (50.0) 2 (5.6) 12 (48.0) 2 (8.0%)
Pyrexia 35 (48.6) 2 (2.8) 13 (36.1) 1 (2.8) 17 (68.0) 1 (4.0%)
Aspartate aminotransferase increased 35 (48.6) 2 (2.8) 13 (36.1) 1 (2.8) 13 (52.0) 0 (0.0)
Proteinuria 30 (41.7) 0 (0.0) 12 (33.3) 0 (0.0) 16 (64.0) 0 (0.0)
Peripheral edema 26 (36.1) 1 (1.4) 12 (33.3) 0 (0.0) 8 (32.0) 0 (0.0)
Blood creatinine increased 26 (36.1) 0 (0.0) 11 (30.6) 0 (0.0) 11 (44.0) 0 (0.0)
Facial edema 25 (34.7) 0 (0.0) 15 (41.7) 0 (0.0) 7 (28.0) 0 (0.0)
Alanine aminotransferase increased 23 (31.9) 1 (1.4) 11 (30.6) 1 (2.8) 7 (28.0) 0 (0.0)
Fatigue 23 (31.9) 0 (0.0) 14 (38.9) 0 (0.0) 7 (28.0) 1 (4.0%)
Diarrhea 23 (31.9) 3 (4.2) 8 (22.2) 0 (0.0) 10 (40.0) 2 (8.0%)
Vomiting 20 (27.8) 1 (1.4) 10 (27.8) 1 (2.8) 6 (24.0) 0 (0.0)
Hypoalbuminemia 19 (26.4) 0 (0.0) 8 (22.2) 0 (0.0) 9 (36.0) 0 (0.0)
Blood lactate dehydrogenase increased 17 (23.6) 0 (0.0) 12 (33.3) 0 (0.0) 1 (4.0) 0 (0.0)
Hypertension 15 (20.8) 2 (2.8) 9 (25.0) 1 (2.8) 5 (20.0) 1 (4.0)
Gamma-glutamyltransferase increased 14 (19.4) 2 (2.8) 5 (13.9) 0 (0.0) 5 (20.0) 1 (4.0)
Hypokalemia 14 (19.4) 3 (4.2) 7 (19.4) 0 (0.0) 5 (20.0) 1 (8.0)
Nausea 13 (18.1) 0 (0.0) 7 (19.4) 0 (0.0) 2 (8.0) 0 (0.0)
Mouth ulceration 13 (18.1) 0 (0.0) 9 (25.0) 0 (0.0) 3 (12.0) 0 (0.0)
White blood cell count decreased 12 (16.7) 0 (0.0) 5 (13.9) 0 (0.0) 5 (20.0) 0 (0.0)
Hypocalcemia 12 (16.7) 0 (0.0) 8 (22.2) 0 (0.0) 1 (4.0) 0 (0.0)
Ejection fraction decreased 12 (16.7) 2 (2.8) 3 (8.3) 0 (0.0) 6 (24.0) 1 (4.0)
Dizziness 12 (16.7) 0 (0.0) 8 (22.2) 0 (0.0) 3 (12.0) 0 (0.0)
Protein urine 11 (15.3) 0 (0.0) 6 (16.7) 0 (0.0) 1 (4.0) 0 (0.0)
Blurred vision 11 (15.3) 0 (0.0) 3 (8.3) 0 (0.0) 5 (20.0) 0 (0.0)
Blood bilirubin increased 11 (15.3) 0 (0.0) 6 (16.7) 0 (0.0) 4 (16.0) 0 (0.0)
Blood alkaline phosphatase increased 11 (15.3) 0 (0.0) 5 (13.9) 0 (0.0) 2 (8.0) 0 (0.0)
Neutrophil count decreased 11 (15.3) 2 (2.8) 4 (11.1) 0 (0.0) 4 (16.0) 2 (8.0)
Decreased appetite 10 (13.9) 0 (0.0) 6 (16.7) 0 (0.0) 3 (12.0) 0 (0.0)
Blood glucose increased 10 (13.9) 0 (0.0) 6 (16.7) 0 (0.0) 2 (8.0) 0 (0.0)
Sinus tachycardia 10 (13.9) 0 (0.0) 6 (16.7) 0 (0.0) 2 (8.0) 0 (0.0)
Hyponatremia 9 (12.5) 1 (1.4) 3 (8.3) 0 (0.0) 4 (16.0) 0
Arthralgia 8 (11.1) 0 (0.0) 2 (5.6) 0 (0.0) 4 (16.0) 0
Blood triglycerides increased 8 (11.1) 0 (0.0) 1 (2.8) 0 (0.0) 5 (20.0) 0
Blood myoglobin increased 8 (11.1) 0 (0.0) 7 (19.4) 0 (0.0) 0 (0.0) 0
Platelet count decreased 8 (11.1) 2 (2.8) 1 (2.8) 1 (2.8) 6 (24.0) 1 (4.0)
Eyelid edema 8 (11.1) 0 (0.0) 6 (16.7) 0 (0.0) 1 (4.0) 0
Urinary tract infection 7 (9.7) 1 (1.4) 6 (16.7) 0 (0.0) 1 (4.0) 1 (4.0)
Acneiform dermatitis 7 (9.7) 2 (2.8) 0 (0.0) 0 (0.0) 6 (24.0) 2 (8.0)
Troponin T increased 6 (8.3) 0 (0.0) 6 (16.7) 0 (0.0) 0 (0.0) 0
Headache 6 (8.3) 0 (0.0) 1 (2.8) 0 (0.0) 4 (16.0) 0
NOTE. Incidence of TRAEs ≥ 15% in any group are presented

Abbreviations: CRC, colorectal cancer; NSCLC, non-small cell lung cancer; TEAE, treatment-emergent adverse event; TRAE, treatment-related adverse event



Page 7 of 12Shi et al. Experimental Hematology & Oncology           (2024) 13:60 

Table 3  Efficacy of tunlametinib plus vemurafenib in NSCLC patients with evaluable disease
Study Drug Dose Groups 0.5 + 960 BID 6 + 960 BID 12 + 960 BID 9 + 720 BID 12 + 720 BID Total
Tunlametinib dose (mg, BID) 0.5 6 12 9 12 –
Vemurafenib dose (mg, BID) 960 960 960 720 720 –
No. of patients 1 2 6 15 9 33*
ORR, No. (%) 1 (100.0) 1(50.0) 4 (66.7) 9 (60.0) 5 (55.6) 20 (60.6)
  CR 1 (100.0) 0 0 0 1 (11.1) 2 (6.1)
  PR 0 1 (50.0) 4 (66.7) 9 (60.0) 4 (44.4) 18 (54.5)
  SD 0 1 (50.0) 1 (16.7) 5 (33.3) 2 (22.2) 9 (27.3)
  PD 0 0 0 1 (6.7) 2 (22.2) 3 (9.1)
  NE 0 0 1 (16.7) 0 0 1 (3.0)
DCR, No. (%) 1 (100.0) 2 (100.0) 5 (83.3) 14 (93.3) 7 (77.8) 29 (87.9)
Median DoR, months (95% CI) – – – 11.3 (3.9-NE) – 11.3 (6.8-NE)
Median PFS, months (95% CI) – – – 10.5 (5.6-NE) – 10.5 (5.6–14.5)
*: Among 36 NSCLC patients, three patients were excluded from the FAS due to lack of baseline target lesions. 33 patients with baseline target lesions were included 
in the FAS

Abbreviations: BID, Bis In Die; CI, confidence interval; CR, complete response; DCR, disease control rate; DoR, duration of response; FAS, full analysis set; NE, not 
evaluable; NSCLC, non-small cell lung cancer; ORR, objective response rate; PD, progressive disease;; PFS, progression-free survival; PR, partial response; SD, stable 
disease

Fig. 2  Tumor responses in NSCLC patients with evaluable disease. (A) Waterfall plot of best percentage change from baseline in total sum of target lesion 
diameters. (B) Swimmer plot of best percentage change from baseline in total sum of target lesion diameters. (C) Spider plot of percentage change from 
baseline in total sum of target lesion diameters. All dose groups were given study drug treatment twice daily(BID). BID, Bis In Die; CR, complete response; 
NE, not evaluable; NSCLC, non-small cell lung cancer; PD, progressive disease; PR, partial response; SD, stable disease
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to a DCR of 87.9% (29/33; 95% CI, 71.8–96.6) (Table 3). 
The median DoR was 11.3 months (95% CI, 6.8-not eval-
uable [NE]); the median PFS was 10.5 months (95% CI, 
5.6–14.5) for all NSCLC patients (Fig. 3). For the RP2D 
of tunlametinib 9 mg BID plus vemurafenib 720 mg BID 

dose group, the ORR, median DoR, and median PFS were 
60.0%, 11.3 months (95% CI, 3.9-NE), and 10.5 months 
(95% CI, 5.6-NE) respectively (Table  3 and Supplemen-
tary Fig S1, online only).

Fig. 3  Kaplan–Meier curve for NSCLC patients. (A) progression-free survival in NSCLC patients; (B) duration of response in NSCLC patients. All dose groups 
were given study drug treatment twice daily (BID). BID, Bis In Die; CI, confidence interval; DoR, duration of response; NE, not evaluable; NSCLC, non-small 
cell lung cancer; PFS, progression-free survival
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Among 15 patients who had received prior systemic 
antitumor therapy, 8 achieved PR, the ORR was 53.3% 
(8/15; 95% CI, 26.6–78.7); in 18 patients who were treat-
ment naïve, 12 achieved PR, the ORR was 66.7% (12/18; 
95% CI, 41.0-86.7).

CRC patients
Of 24 CRC patients with evaluable disease, six achieved 
PR and 15 experienced SD. The ORR was 25.0% (6/24; 
95% CI, 9.8–46.7) and the DCR was 87.5% (21/24; 95% 
CI, 67.6–97.3, Supplementary Table S4, online only). The 
median DoR was 5.5 months (95% CI, 2.9-NE) and the 
median PFS was 6.2 months (95% CI, 4.8–7.6) (Supple-
mentary Fig S2, online only).

PTC patients
Of four patients with PTC, 50.0% (2/4) achieved PR and 
50.0% (2/4) experienced SD (Supplementary Table S4 and 
Fig S1, online only).

In addition, 6 patients with melanoma exhibited vary-
ing degrees of tumor shrinkage. And one patient with 
PDAC achieved PR.

PK
A total of 57 patients were included in the PK analysis set. 
After single-dose administration, tunlametinib plasma 
concentration increased rapidly and declined slowly. The 
maximum concentration (Cmax) and area under the con-
centration–time curve (AUC) increased generally in a 
dose-dependent manner. After multiple administrations, 
the average accumulation ratio ranged from 0.7 to 3.0 
based on Cmax, 1.6 to 4.3 based on AUCtau, and 1.6 to 3.5 
based on AUClast across doses (Supplementary Table S5, 
online only).

After single-dose of vemurafenib, vemurafenib was 
absorbed slowly with median time to maximum plasma 
concentration (Tmax) of approximately 4  h and then 
declined slowly. After multiple administrations of vemu-
rafenib, the average accumulation ratio ranged from 8.2 
to 16.0 based on Cmax, 13.3 to 14.1 based on AUCtau, and 
10.6 to 36.3 based on AUClast across doses (Supplemen-
tary Table S6, online only).

No drug–drug interaction was identified between tun-
lametinib and vemurafenib.

Discussion
This phase I study showed that tunlametinib, a novel, 
selective inhibitor of MEK, plus vemurafenib was well 
tolerated and showed preliminary efficacy in patients 
with advanced BRAF V600-mutant solid tumors. No 
DLTs occurred and the MTD was not reached. Tun-
lametinib plus vemurafenib showed durable antitumor 
activity in patients with NSCLC harboring BRAF V600 
mutations. The RP2D for patients with NSCLC was 

determined as tunlametinib 9 mg BID plus vemurafenib 
720 mg BID according to the current safety and efficacy 
data. Furthermore, tunlametinib plus vemurafenib dem-
onstrated promising antitumor activity in BRAF V600-
mutant CRC, PTC, melanoma and pancreatic cancer 
patients.

The safety profile of tunlametinib plus vemurafenib 
was consistent with that reported for combinations of the 
two drug classes. In patients with previously untreated 
BRAF V600-mutant NSCLC, the incidence of grade 3–4 
AEs was 69%, and the incidence of AEs leading to dab-
rafenib plus trametinib treatment discontinuation 22% 
[18]. In patients with previously treated BRAF V600-
mutant NSCLC, the incidence of grade 3–4 AEs was 
49%, and the incidence of AEs leading to dabrafenib plus 
trametinib treatment discontinuation was 12% [19]. In 
patients with NSCLC, the incidence of grade 3–4 AEs 
was 41%, and the incidence of AEs leading to perma-
nent encorafenib plus binimetinib discontinuation was 
15% [20]. Safety concerns with BRAFi plus MEKi com-
binations include pyrexia, cutaneous, cardiac, and ocu-
lar toxicities [21]; these AEs were also observed in this 
study and were mostly of grade 1 or 2. The most com-
mon ≥ grade 3 AEs were hematological abnormalities 
with tunlametinib plus vemurafenib, which were similar 
with other BRAFi and MEKi combinations [22] and well 
managed with dose modifications. Photosensitivity is a 
common AE associated with vemurafenib, with an inci-
dence of 30% in the phase III trial [23]; incidence was 
2.8% and 0% in this study of dose-escalation and dose-
expansion phases, respectively. The tunlametinib 9  mg 
BID plus vemurafenib 720 mg BID dose group (RP2D) of 
NSCLC patients in this study, the incidence of ≥ grade 3 
TRAEs were 35.3% and serious TRAEs were 29.4%, and 
no treatment discontinuation occurred. This may avoid 
the occurrence of rapidly acquired resistance caused by 
vemurafenib monotherapy.

Following the approval of Dabrafenib plus trametinib 
by the U.S. Food and Drug Administration (FDA) in June 
22, 2017, the U.S. FDA approved Encorafenib plus Bin-
imetinib for BRAF V600E-mutant NSCLC in October 11, 
2023. The results from this study are noteworthy given 
the new combination treatment options for patients 
with BRAF V600-mutant NSCLC. The efficacy of tun-
lametinib plus vemurafenib was consistent with that of 
dabrafenib plus trametinib. For pretreated patients, the 
ORR and median PFS was 63.9% (95% CI, 46.2–79.2) 
and 10.2 months (95% CI, 6.9–16.7), respectively. For 
treatment-naive patients, the ORR and median PFS was 
68.4% (95% CI, 54.8–80.1) and 10.8 months (95% CI, 
7.0-14.5), respectively [12]. According to the National 
Comprehensive Cancer Network guideline, single-agent 
dabrafenib is a treatment option if the combination of 
dabrafenib and trametinib is not tolerated.Yet dabrafenib 
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monotherapy only showed an ORR of 33% (95% CI, 
23–45) and a median PFS of 5.5 (95% CI, 3.4–7.3) months 
in BRAF V600-mutant NSCLC [24]; vemurafenib showed 
an ORR of 42% (95% CI, 20–67) to 44.9% (95% CI, 35.2–
54.8) and a median PFS of 5.2 (95% CI, 3.8–6.8) to 7.3 
(95% CI, 3.5–10.8) months in BRAF-mutant NSCLC [25, 
26]. The efficacy of tunlametinib plus vemurafenib was 
comparable with that of other BRAFi and MEKi com-
binations in this patient population. A phase II study 
of encorafenib plus binimetinib reported an ORR and 
median PFS of 75% (95% CI, 62–85) NE (95% CI, 15.7-
NE) in treatment-naïve patients, respectively, and an 
ORR and median PFS of 46% (95% CI, 30–63) and 9.3 
months (95% CI, 6.2-NE) in previously treated patients, 
respectively [20]. Tunlametinib plus vemurafenib demon-
strated favorable antitumor activity and has the potential 
to be a new combination regimen for the treatment of 
BRAF V600-mutant NSCLC.

The efficacy of BRAFi and MEKi combinations in 
patients with BRAF V600-mutant CRC has not yet been 
established, and chemotherapy remains the mainstay 
first-line treatment for patients with BRAF V600-mutant 
CRC [14]. An emerging targeted treatment strategy for 
BRAF V600-mutant CRC relies on additional blockade 
of EGFR; however, this is used in the second-line setting 
only [14]. This study demonstrated encouraging anti-
tumor activity with tunlametinib plus vemurafenib in 
patients with BRAF V600-mutant CRC, with an ORR of 
25.0% (95% CI, 9.8–46.7) and a DCR of 87.5% (95% CI, 
67.6–97.3). These results indicate that targeting BRAF 
and MEK is also a viable strategy in patients with BRAF 
V600-mutant CRC. Furthermore, dabrafenib monother-
apy showed an ORR of 35% (95% CI, 17–56) in patients 
with BRAF V600-mutant PTC [27]; the antitumor activ-
ity of tunlametinib plus vemurafenib in patients with 
BRAF V600-mutant PTC is effective, 2 patients achieved 
PR among 4 patients.

The PK profiles of tunlametinib and vemurafenib were 
consistent with previous studies [15, 28]. PK param-
eters of tunlametinib and vemurafenib were compara-
ble when administered in combination, compared with 
when administered alone. No drug–drug interaction was 
observed, possibly due to the different metabolic path-
ways of tunlametinib and vemurafenib. Tunlametinib 
is mainly metabolized by CYP2C9, while vemurafenib 
is metabolized mainly by CYP3A4 [29], and neither are 
inducers nor inhibitors for each other.

In this study, tunlametinib plus vemurafenib showed 
favorable safety and antitumor activity in patients with 
BRAF V600-mutant NSCLC, CRC, and PTC. However, 
we are aware of several limitations, the results of which 
should be interpreted with caution given the small sam-
ple size in each cohort. The RP2D was not determined for 
patients with BRAF V600-mutant CRC and PTC. Larger 

prospective studies of patients with BRAF V600-mutant 
NSCLC, CRC, and PTC are needed to confirm the effi-
cacy of this combination treatment.

In summary, tunlametinib plus vemurafenib had an 
acceptable risk-benefit profile, and all AEs were man-
ageable. This study showed promising antitumor activ-
ity of tunlametinib plus vemurafenib in the treatment of 
patients with BRAF V600-mutant NSCLC, CRC and PTC. 
Hence, we undertake the phase II study of tunlametinib 
9 mg BID plus vemurafenib 720 mg BID in patients with 
BRAF V600-mutant NSCLC (NCT05900219), and we 
will further investigate the efficacy and safety of tun-
lametinib plus vemurafenib in patients with BRAF V600-
mutant CRC, PTC and other solid tumors.

Over the past 20 years, small-molecule tyrosine kinase 
inhibitors have changed the treatment landscape of 
advanced solid tumors [30, 31]. As a target of the MAPK 
pathway, MEK inhibitors have great potential. It can be 
combined not only with BRAF inhibitors, but also with 
PD-1 [32], chemotherapy, etc [33]. Dabrafenib plus tra-
metinib have been administrated for melanoma, NSCLC, 
thyroid cancer, but also for endometrial cancer [34], 
etc. Meanwhile, MEK inhibitors monotherapy can also 
be used for BRAF non-V600 mutations, such as K601E 
mutations [35]. We believe that tunlametinib has great 
potential for development and broad prospects, the study 
of tunlametinib plus vemurafenib for pan-tumor patients 
with BRAF V600E-mutant, as well as the study of tun-
lametinib combined with immune checkpoint inhibitors, 
chemotherapy and more for further research.
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