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kinase, MAPK ) il %, [HE5HA—. HRMEKI1/240 5 tunlametinib, 7ENEIINRASIEAS B h AR E LZE# % (objective
response rate, ORR ) iA%34.7%, %RE: A binimetinib i 5 ; ARIMTZ RAFH | belvarafenib MIERKA il Flulixertinib
T A RSS20 A B Jr s 225 00 B g e, teah, DIMEKIEF M ILnt B &0 7 S — e bR, BA IR,
G5 T2 25 3 S e A A A RR R T 2 A B EBRAF/CRAFil flnaporafenib ( LXH254 ) S5MEK{HH
il il trametinib 516 77 NRASHTE AL R AR 19 1 bilil FRIAE HORRIKZH46.7% 5 2 A 148 R34 /6 (cyclin-
dependent kinase4/6, CDK4/6) il FlribociclibMbinimetinibik A IGY7 FE#5HY NRASZE AR [R5 -4 i J] 39 25 1 6 R 5 1)
ABERT3532.5%; ZhETEEEE ( focal adhesion kinase, FAK ) #I#I5IN100185% 5 cobimetinib A AT T 4% St 26 B HH 45479
ORR (38.5%) ; {HAEkA S s L HESET [ 88H ] BifR-1 (programmed death ligand-1, PD-L1) Hifidurvalumablft
Frtrametinib Jy ZALfH27.2% 0 B IR BB (3/11) o SUCRIEE, ForIG R AT IT 45 et s H— Lo 5L A ot . gk
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[ Abstract ] Oncogenic mutations are responsible for a majority of the malignancy of melanoma. Activating mutations of NRAS
gene are found in 15%-20% melanoma cases, endowing the tumor cells with more aggressive phenotypes and greater difficulty
to treat. The development of targeted inhibitor of mutant NRAS remains a big challenge since the mutation sites could hardly be
druggable. Therefore, immune checkpoint inhibitors are currently recommended as the first-line therapy for NRAS mutant advanced
melanoma albeit the response rate is still far from satisfaction. In recent years, the exploration of targeted therapy regimens has
focused on the downstream pathway of NRAS, the mitogen-activated protein kinase (MAPK) pathway. A novel MEK1/2 inhibitor
tunlametinib was reported to achieve an objective response rate (ORR) of 34.7% which is higher than the ORR of binimetinib in

previous report. However, the phase | trial of the pan-RAF inhibitor belvarafenib and the ERK inhibitor ulixertinib failed to show
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marked benefits. In the meanwhile, MEK inhibitor-based combination therapy has also achieved some progress: it was reported in the
phase I b trial of the selective BRAF/CRAF inhibitor naporafenib (LXH254) combined with Trametinib in NRAS mutant melanoma
that the ORR was 46.7%. The ORR of binetinib plus the cyclin-dependent kinase 4/6 (CDK4/6) inhibitor, ribociclib, was 32.5% in
patients with NRAS mutation with concurrent alterations of CDKN2A, CDK4, or CCNDI1. The response rate of the combination of
focal adhesion kinase (FAK) inhibitor, IN10018, and cobimetinib was 38.5%. On the other hand, only 27.2% of patients carrying
NRAS mutation responded partially to the combined regimen of immune checkpoint inhibitor programmed death ligand-1 (PD-
L1) monoclonal antibody durvalumab-+trametinib. In addition, some preclinical findings have also shown translational potentials:
for example, heat shock protein 90 (HSP90) inhibitor XL888 and serine/threonine protein kinase 19 (STK19) inhibitors were found
to inhibit the growth of NRAS mutant melanoma in animal models. This article reviewed the oncogenic roles of NRAS mutation in
melanoma and the cutting-edge clinical trials for the treatment of NRAS mutant melanoma, aiming to provide alterative treatment

options for clinical practice and inspire novel combination regimen.
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Fig.1 The schematic diagram of signal transduction of NRAS mutation

Oncogenic signal transduction following NRAS mutation causes melanoma development mainly through MAPK signaling, PI3K-AKT signaling
pathway and RAS-RAL signaling pathway. Black arrow: Conducted; Red arrow: Enhanced; Red area: Abnormal activation.
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P BRI T HHE— 2 TF R Rl A

Bl S A KR A S &l 7 R 46 57 78 A
(sotorasib, KRAS G12CH8 [ # #] %) ,
NCT03600883 ) HJ B i ZEH KRAS G12CRAF LA
FHRH BImPES P | g BURIZ a4 4
HETHTNRAS G12CHR AL BRI A kR 15
EAT e W RS 35
3.1.2  RAF-MAPKGH# F& 4771
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P IERAF-MAPKGHE B0 H1 5]
3.1.2.1 RAF#IHIFH

2% ShRNA [A] i 5 {IEBRAF FICRAF AT i 415
NRASZER B FR AR ), ik, ZRAF
6 790 B8 T A7 25 Hh BE BT NRA ST 5 [ MEK (1) 1%
1%, {E7Z RAFH#Fbelvarafenib ( X #RRG6185
tHM95573 ) 19 T il RIS 1 HORR A 1%,
mPFS 25 ¢
3.1.2.2  MEK1/2# i3]

20234F-F [H I R IPEE 2~ 2 ( American Society
of Clinical Oncology, ASCO ) &8 /37 #r Al
MEK 1238 B AN HI 247 9682 (tunlametinib |
HL-085 ) 1M 1 NRASTE A8 ) B 0 25988 7 4%
B s BAORR }34.7%, BIfdi7E %8697
KM B F T, ORRUWLEIA39.1% 7, &l
binimetinibAY 7 3CA W B 7 .
3.1.2.3  ERKIMHIF

ERKJEMAPKH [ H1 % JCH 7 5, I ERK

TG PR T L4 R NRASHE 7 FA A0 R I8 X MEK A1) il 71
MR Y . FENRASHRAE BAAKANMIH, ERK
PP 0V X - 1155 200 it 3 4 0 40 i)/ LEMEK A
FIFE IR HAE TG R, 8
ERK 17280154787 )€ (ulixertinib ) , {¥13.5%
(B IR i
32 BREWBT

M FNRASTEALIG BTG B FiiFE B %, R
— 38 A 2 re AN 2, OB AN [RLE B IR YT
WHEAWT K, 2R IE LAMEKH 6551 A Fe A
0 A b 388 6 o o 7 0 8 VR Y T 2 o
32,1  FEFMEKIHIFIREA %
3211 0 5

NRASZE A R AL 238 40 B % 72 RAF 4171 i
I BT 245 5 MAPKIE AL 0 A G PE E B ESE, &)
BA M Z2E# 2 (trametinib ) A 45577 RAFHI 6
RBP4 o R IE 78 BEAT 92 RAF 1 41 31
A MEKA ] 5510 (14 1l AR 56 A NCT 02974725 .
NCT03284502%:, NCT03284502 H /A4 BJORR
H40% (n=9) . WA, HEHEVEBRAF/CRAFH)
ifil Flnaporafenib(LXH254) 5 trametinibBX 56T
KRAS/BRAFZE7E (1) AE /N4 i fifi 68 FINRA ST 7%
ML IR T DI RIS R Y R, 2
naporafenib 200 mg%}: H PIIKIK A trametinib 1 mg
H 20697 1Y # # IORR HImPFS 23 %1 H46.7%
5520 H o B TMAPKGEEEAE,  [R]BH 0] PI3K -
AK T A 0] 77 A BRI 2L PI3K a5
(alpelisib ) B¢4 binimetinibf¥) 1 bt I A 56
ORR}120% "' . i AKTHIHIFI ( GSK2141795)
Fltrametinib B A 7 22 09 111G R 80 W s
mPFSHImOS{Y H2.3514.0 H, ORRHK0%, &K
Ber IR REs L) (R1) o
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75, mPFSH3. 71 H, HEAKORRN19.5%, TEfEA
CDKN2A . CDK48{CCND 13t [F 263k 58 1Y %
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Tab.1 Treatment of NRAS mutant melanoma in clinical trials
Identifier Target Study design NRAS—mute.mt Efficacy Time
mlanoma patients frame
NCT03013101, PD-1 antiboby Clinical data from four A total of 206 patients In cutaneous melanoma, patients ~ 2016-2019
NCT02821000, clinical trials in patients with were assessed, with NRAS mutations had a lower
NCT02738489, advanced melanoma treated  including 12 patients overall response rate (ORR) than
CTR20160872 "%’ with anti-PD-1 monoclonal ~ with NRAS-mutated ~ patients without NRAS mutations
antibodies between 2016 and  cutaneous melanoma  (9.5% vs 23.9%). In non-cutaneous
2019 were analyzed. The and 21 patients with  melanoma, response rates were 0%
efficacy of immunotherapy in ~ NRAS-mutated non-  and 13.7%, median progression-free
patients with cutaneous and ~ cutaneous melanoma  survival (mPFS) was 3.6 months and
non-cutaneous NRAS mutant 4.3 months (P=0.015), and median
melanoma was analyzed survival time (mOS) was 10.8
separately. months and 15.3 months (P=0.025)
in NRAS mutant and wild-type
patients, respectively
NCT01763164 ") MEKi binimetinib Phase Ill randomized, Atotal of 402 patients  In the binimetinib arm mPFS was ~ 2013-2015
multicenter, open-label with NRAS-mutated 2.8 months and 1.5 months in the
clinical trial. Patients with melanoma were dacarbazine arm
advanced, unresectable enrolled, 269 treated
stage I C-IV NRAS with binimetinib
mutated melanoma who and 233 treated with
were previously untreated dacarbazine (1:2)
or progressed following
prior immunotherapy were
randomized (2:1) to receive
binimetinib 45 mg orally
twice daily or dacarbazine
1 000 mg/m’ intravenously
every 3 weeks.
NCT01693068 '**"  MEKi pmasertib Phase Il multicenter, open- 191 patients with PFS and 6-month PFS rates were =~ 2012-2014
label clinical trial. Patients NRAS mutated significantly improved in the
with unresectable stage cutaneous melanoma,  pimasertib arm compared with the
llc/IVM1 NRAS-mutated 191 treated (pimasertib DTIC arm: 13 weeks versus 7 weeks,
cutaneous melanoma were n=130, DTIC n=61) 17% vs 9%. Investigator-assessed
randomized 2:1 to receive ORR was 27% in the pimasertib
pmasertib (60 mg orally twice arm and 14% in the DTIC arm.
daily) or DTIC However, there was no difference
(1 000 mg/m’ intravenously). in OS between patients treated with
Primary endpoint: investigator- pimasertib and DTIC (mOS 9 and 11
assessed PFS; secondary months, respectively; HR=0.89, 95%
endpoints: OS, ORR, quality of CI: 0.61-1.30)
life (QoL), and safety.
NCT00060125 '’ Farnesyltransferase =~ Three-stage trial design, up 14 patients with NRAS 2 patients presented with grade ~ 2003-2006
inhibitor (FTI) to 40 patients, stopped early mutated melanoma 3 toxicity and all patients had no
if first 14 patients did not clinical response and the trial was
respond, or first 28 patients prematurely discontinued
had less than 2 responders
Identifier Target Study design NRAS-mutant Efficacy Time
mlanoma patients frame
NCT03118817 ' RAFi belvarafenib Single-arm, open-label, 9 NRAS mutated ORR 11%, mPFS 25 weeks 2017-2020
multicenter, phase [ melanoma patients
extension study
NCT03973151 7 MEKi HL-085 Phase 1 /1I, single-arm, 42 patients with NRAS HL-085 was published in 2023 2019-2023

dose-escalation and cohort
expansion study

mutated melanoma confirming an ORR of 34.7%
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. . NRAS-mutant Time
Identifier Target Study design mlanoma patients Efficacy frame
NCT02974725 ! BRAF/CRAF protein Phase | b escalation/ 30 patients with NRAS ~ The ORR was 46.7%, the median ~ 2017-2023
kinases inhibitor expansion study mutated melanoma DOR was 3.75 and the overall
Naporafenib(LXH254) median PFS was 5.52 months in
+ MEK:i trametinib patients treated with naporafenib 200
mg twice a day plus trametinib 1 mg
once daily.
NCT01449058 "*' PI3K « inhibitor Phase | b open-label, 5 NRAS mutated ORR 20% 2011-2017
BYL719 +MEKi multicenter, dose escalation melanoma patients
binimetinib and expansion study
NCT01941927 ') MEKi trametinib Phase Il non-randomized, Efficacy and safety =~ The mPFS and mOS of the 10 NRAS- 2013-2020
+AKT inhibitor multicenter, open-label of MEK inhibitors mutated melanoma patients were
GSK2141795 clinical trial combined with AKT only 2.3 and 4.0 months. Median
inhibitors in 10 PES and OS for the wild-type cohort
patients with NRAS- were 2.8 months and 3.5 months,
mutated melanoma  respectively. No objective responses
and 10 patients with were identified in either cohort.
BRAFWT/NRASWT  The combination of Trametinib and
melanoma GSK2141795 has no significant
clinical activity in NRAS mutants or
BRAFWT/NRASWT melanomas
NCT03932253 MEKi FCN-159 Phase | a/ I b, open-label, 33 patients with NRAS  The ORR and clinical benefit rates  2019-2023
dose escalation and dose mutated melanoma  were 19.0% and 52.4%, respectively.
expansion study were enrolled Median duration of response and
progression-free survival were 4.8
months and 3.8 months (1.8-5.6
months), respectively.
NCT03284502 MEKIi cobimetinib + Phase [ b, open-label, 9 NRAS mutated Auvailable data published ORR of  2017-2023
RAFi HM95573 multicenter dose escalation melanoma patients 40%
study
NCT03979651 MEKi Phase [ b/l non- 29 NRAS mutated Results to be further published 2019-2022
trametinib+autophagy randomized, open-label melanoma patients
inhibitor clinical trial
hydroxychloroquine
NCT04109456 MEK:i cobimetinib ~ Phase I b open-label clinical ~Estimated enrollment Results to be further published ~ 2019-2023

study

is 120 patients with
NRAS mutated
melanoma

mPFS: Median progression-free survival; mOS: Median overall survival; ORR: Overall response rate. WT: Wild type.

3.2.1.3  FAKIHIF

FAKAMHI 7 (IN10018) A Z LE e
( cobimetinib ) 7ENRASZE 7R Bt 25908 B 4 1Y
I MR R % FORR N 38.5%, mPFS}5.45
AN
3.2.1.4  HmEHNEF

CLUIE 52 41 A [ g AT AR 47 e 40 i S 2Z RAS
A0 00 A 20 B EE AR Y BUA I R R %
(NCT03979651 ) 1EFEFAL H mEMm 7 ( BEA

M) BRAMEKANHIFNG T NRASHR AL B4 2T 1)
IR, AEWFIE S S i AR AR o

3.2.1.5  GpEAG A s R

EFXTPD-L 1 B BT ( durvalumab )

B & trametinib ( [ HIEF 5T ) HREIENRASE
AR R ARIR27. 7% AN B % (3/11) 1T
IMspirel 70858 % Fb T cobimetinibBt 4 PD-L 15
BB R BR BB (atelizumab ) FMF T A ER B4
( pembrolizumab ) —Z&i/Y7BRAFEF A5
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KRBT ImPFS (5.7 vs 5510 H) &
ORR (53% vs 65% ) 25 Geit L, HIETE
NRASTEZF B EH W | cobimetinibik & atelizumab
J7 A RAE B HAEF
3.2.2 BT RS ETR IR RS 5

NRASHER MADZRIR 31Kk R o A0 i 3 i 52 44
1% A BRI ( receptor tyrosine kinase, RTK) ,
HA WS IG5 ¥ 1, BinAxl, ERBB2,
c-MET. EGFR%[“'SN o ZHidEJe (sorafenib,
VEGFRAM 5] ) BEA MET % 2 1R 34 i 41 1 551
(tivantinib ) JAY7 MEIH AR 09 T 3 RIS
i 120 NRASSAE A0 I R IORR FARIE T
7 A U EOR ARSI R (20.0% vs 33.3%)
HHmMPFSEIF K (5440 H vs3340H ) , vk
/N TR A METi BRI AL
4 BES5RZ

ALE IR BT 1) A 0 1 PRAJE 52 0 BRI 0 WL 3R
1o HETE X NRASHEAS Y 5 AR 2R IR 1 BE 1) 147
PEIRIT 7 SRR BB S BRAFAN il R /E BRAF 5%
R R 9] TP Ik B IR Y ROV AR, [HIT AR AL T
MEKH 5] 19 5B 3 B A IR T A g & 20U A1)
PERE Y meAh, ERHETARSS P, PO 190
( heat shock protein 90, HSP90 ) il B R
TR/ PR E F1E#19 ( serine/threonine protein kinase
19, STK19 ) M5 > o b/ i A3 (7 1k vt
J1, AN AR NRASTEAS R B AT Z 167 1Y
ST
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