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ABSTRACT — Kirsten rat sarcoma viral oncogene homolog (KRAS) is a frequently activated oncogene in human
cancer. Since its discovery over 30 years ago, efforts to develop therapies targeting KRAS have been unsuccess-
ful. KRAS has been considered an undruggable target for several reasons: difficulty designing molecules that
compete with the guanosine triphosphate (GTP) binding site because of the very high affinity between KRAS and
GTP, and redundancy in post-transcriptional modifications required for membrane association and downstream
signaling pathways. Inhibition of a single signaling pathway or post-transcriptional modification leads to the acti-
vation of other pathways. In addition, the patient survival of cancers with KRAS mutations is not always depend-
ent on KRAS. However, a small molecule that covalently binds cysteine of the G12C mutant form of KRAS and
that locks KRAS in its guanosine diphosphate (GDP)-bound inactive state was reported in 2013. Since then, sev-
eral companies have developed KRASG2C.gpecific small-molecule inhibitors, such as sotorasib and adagrasib. The
United States Food and Drug Administration granted accelerated approval to sotorasib in 2021 as a second-line
and subsequent therapy for non-small-cell lung cancer (NSCLC) harboring a KRAS612C mutation. Further re-
search, including the development of direct inhibitors targeting sites other than G12C in KRAS, combination
strategies with KRASGI2C inhibitors, countermeasures after resistance acquisition, and biomarkers for effective
patient selection, are awaited.
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KRAS proteins as molecular switches that cycle between the guanosine diphosphate (GDP)-bound inac-

tive state (turn off) and guanosine triphosphate (GTP)-bound active states (turn on).2 Molecular switch mechanisms
are shown schematically for wild-type and mutated KRAS on the left and right of this figure, respectively. The con-
version from stable inactive GDP-bound forms to the active GTP-bound form is triggered by guanine nucleotide ex-
change factors (GEFs). Wild-type KRAS (KRAS) is activated by GEF's that stimulate the conversion from stable GDP-
bound forms to active GTP-bound forms, which activate downstream signaling pathways through interactions with
various effector proteins. Mutated KRAS (mut-KRAS) is also activated by GEFs, although the GDP-GTP exchange
rates vary with the type of mutation. Conversion back to the inactive form is mediated by GTPase-activating pro-
teins (GAPs) that accelerate the intrinsic GTP hydrolysis activity of KRAS efficiently by several orders of magnitude.
Although KRAS has GTPase activity, the rate of its intrinsic GTP hydrolysis is generally very slow. Most active mu-
tations in mut-KRAS proteins disrupt GAP interactions and keep mut-KRAS in an active, GTP-bound state. Conse-
quently, it continuously activates downstream signaling pathways related to the cell growth and/or survival thought
to cause tumorigenesis and malignant tumor growth. KRAS, Kirsten rat sarcoma viral oncogene homolog.
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Figure 2. KRAS signaling pathway? AKT, protein kinase B; BAD, BCL2-associated agonist of cell
death; BCL-XL, B-cell lymphoma-extra large; CDK4/6, cyclin-dependent kinase 4/6; ELK1, ETS-like
transcription factor-1; ERK, extracellular signal-regulated kinase; ETS, E26 transformation-specific;
FAK, focal adhesion kinase; F/GG, farnesyl/geranylgeranyl; GF, growth factor; GRB2, growth factor
receptor-bound protein 2; IKK, I kappa B kinase; IkB, nuclear factor of kappa light polypeptide gene
enhancer in B-cells inhibitor; JNK, c-Jun N-terminal kinase; KRAS, Kirsten rat sarcoma viral oncogene
homolog; MEK, mitogen-activated protein kinase kinase; mTOR, mechanistic target of rapamycin;
NF-kB, nuclear factor kappa-light-chain-enhancer’ of activated B-cells; PLD1, phospholipase DI; PI3K,
phosphoinositide 3-kinase; PTEN, Phosphatase and tensin homolog; RAC, Ras-related C3 botulinum
toxin substrate; RAF, rat fibrosarcoma; RAL, Ras-like protein; RALGDS, Ral guanine nucleotide disso-
ciation stimulator; RHOA, Ras homolog family member A; RTK, receptor tyrosine kinase; SHC, (Src
homology 2 domain-containing)-transforming protein; SHP2, Src homology 2 domain-containing phos-
phatase-2; SOS, son of sevenless; TBK1, TANK binding kinase 1; TIAMI, T lymphoma invasion and
metastasis 1.
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Figure 3. Development of mutated KRAS inhibitors for clinical application.? Activated receptor tyro-
sine kinases (RTKs), including epidermal growth factor receptor (EGFR) family members, promote the
exchange of GDP for GTP in KRAS. This activation can be reduced by inhibition of RTK, while the
rate of GDP-GTP exchange and the amount of GTP-bound KRAS can be decreased by the inhibition
of SOS or SHP2. Plasma-membrane localization is essential for both wild-type and mutated KRAS pro-
teins to mediate multiple signal transductions, and post-translational modifications, including RAS pro-
tein prenylation, proteolysis, carboxymethylation, and palmitoylation in their C-terminal hypervariable
regions, are required for plasma membrane localization. Inhibitors of these processes have been re-
searched and developed for NSCLC with mutated KRAS (mut-KRAS) as well as other tumors. Various
approaches have been developed to directly inhibit KRAS, including covalent allele-specific inhibitors
that bind to KRAS¢2C, GTP-bound KRAS activates downstream signaling by binding to the KRAS-
binding domain of effector proteins, such as RAF and pl10, to activate the MAPK and PI3K signaling
cascades, respectively. Both the MAPK and PI3K signaling cascades can be targets for mut-KRAS

NSCLC.
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Table 1. Synthetic Lethal Partners of KRAS Grouped by
Cellular Process?

Synthetic lethal partners Molecular
name
Cell cycle and mitosis
Survivin Survivin
Targeting protein for Xklp2 TPX2
Polo-like kinase 1 PLK1
Anaphase-promoting complex/cyclosome APC/C
Cyclin-dependent kinase 4 CDK4
Checkpoint kinase 1 Chkl
MAPK-activated protein kinase 2 MK2
Cell survival
Wilms tumor 1 WT1
B-cell lymphoma-extra large BCL-XL1
Transcriptional programs
GATA-binding protein 2 GATA2
Snail family transcriptional repressor 2 SNAIL2
Growth and survival signals
TANK binding kinase 1 TBK1
Mitogen-activated protein kinase kinase MAP3K7/
kinase 7 TAK1
Discoidin domain receptor 1 DDRI1
Notch Notch

Synthetic lethal partners unique to KRAS mutant but not
wild-type cells were identified using drug library screens, cell-
line-based screens, or CRISPR/Cas9-based methodologies.
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Table 2. Registered Trials of KRASS2C Inhibitors on ClinicalTrials.gov'?

Stage/ Enroll- .
Reference Status Other drugs ment Design
Sotorasib (AMG510) [Amgen]
NCT03600883 Phase 1/2: +/— anti-PD-1/L1 733 Sotorasib monotherapy in patients with advanced solid tu-
CodeBreaK 100 recruiting mors + KRAS®!2C and sotorasib combination therapy (anti-
PD1/L1) in patients with advanced NSCLC + KRASC12C
NCT04185883 Phase 1b/2: +/— anti-cancer 1280 Sotorasib monotherapy and in combination with other anti-
CodeBreaK 101 recruiting therapies cancer therapies in patients with advanced solid tumors +
KRASG12C
NCT04380753 Phase 1: active, Monotherapy 12 Sotorasib in patients of Chinese descent with advanced/
CodeBreaK 105 not recruiting metastatic solid tumors with KRAS612C
NCT04303780 Phase 3: active, vs. docetaxel 345 Sotorasib vs. docetaxel in pre-treated locally advanced and
CodeBreaK 200 not recruiting unresectable or metastatic NSCLC patients with KRASG12C
NCT04933695 Phase 2: Monotherapy 170 An open-label study of sotorasib in metastatic NSCLC pa-
CodeBreaK 201 not yet recruit- tients with KRASGI2C in need of first-line treatment
ing
NCT04625647 Phase 2: Monotherapy 116 Sotorasib in participants with previously treated stage IV
S1900E recruiting or recurrent KRAS12C mutated non-squamous NSCLC
NCT05054725 Phase 2: +RMC-4630 46 Combination of RMC-4630 and sotorasib for NSCLC with
recruiting KRASGC after failure of prior standard therapies
NCT05118854 Phase 2: + cisplatin (or 27 Neoadjuvant sotorasib in combination with chemotherapy
not yet recruit- carboplatin) and for resectable stage ITA-IIIB non-squamous NSCLC with
ing pemetrexed KRASGL2C
Adagrasib (MRTX849) [Mirati Therapeutics]
NCT03785249 Phase 1/2; +/— afatinib/ 565 Adagrasib in patients with advanced solid tumors with
KRYSTAL-1 recruiting pembrolizumab/ KRASG1C
cetuximab
NCT04330664 Phase 1/2: +TNO155 86 Combination of adagrasib with TNO155 in patients with
KRYSTAL-2 active, not advanced solid tumors and KRAS612C
recruiting
NCT04613596 Phase 2: +/— pembroli- 250 Adagrasib plus pembrolizumab for NSCLC with KRASG12¢
KRYSTAL-7 recruiting zumab
NCT04793958 Phase 3: + cetuximab vs. 420 Adagrasib with cetuximab vs. chemotherapy in patients
KRYSTAL-10 recruiting mFOLFOX6 or with advanced colorectal cancer with KRAS612C
FOLFIRI
NCT04685135 Phase 3: vs. docetaxel 340 Adagrasib vs. docetaxel in patients with advanced NSCLC
KRYSTAL-12 recruiting with KRASG12C
NCT04975256 Phase 1: +BI 1701963 100 Adagrasib in combination with BI 1701963 in patients with
KRYSTAL-14 recruiting advanced solid tumors with KRAS612C
NCT05178888 Phase 1: + palbociclib 50 Adagrasib in combination with palbociclib in patients with
KRYSTAL-16 recruiting advanced solid tumors with KRASG12C
JDQ443 [Novartis]
NCT05132075 Phase 3: vs. docetaxel 360 Randomized open label study of JDQ443 vs. docetaxel in
not yet previously treated subjects with locally advanced or meta-
recruiting static NSCLC with KRAS612C
NCT04699188 Phase 1b/2: +/— TNOI155/ 345 JDQ443 in patients with advanced solid tumors harboring
recruiting PDR001/ KRASG12C
TNO155 and
PDR001
GDC-6036 [Roche]
NCT04449874 Phase 1: +/— atezolizum- 342 GDC-6036 alone or in combination with other anti-cancer
recruiting ab/erlotinib/ therapies in patients with advanced or metastatic solid tu-
cetuximab/ mors with KRAS612C
bevacizumab/
GDC-1971
1Y3499446 [Eli Lilly]
NCT04165031 Phase 1/2: +/— abemaciclib/ 5 LY3499446 in patients with advanced solid tumors with
terminated due erlotinib/cetux- (actual) KRASG12C

to toxicity

imab vs. docetaxel

Japanese Journal of Lung Cancer—Vol 62, No 3, Jun 20, 2022—www.haigan.gr.jp

193



Lung Cancer and KRAS—TIts Therapeutic Strategies—Koga et al

Table 2. Registered Trials of KRASS2C Inhibitors on Clinical Trials.gov!® (continued)

Stage/ Enroll- .
Reference Status Other drugs ment Design
1Y3537982 [Eli Lilly]
NCT04956640 Phase 1: +/— abemaciclib/ 260 LY3537982 in patients with advanced solid tumors with
recruiting erlotinib/sintil- KRASG12C
imab/temuterkib/
LY 3295668/
cetuximab
JNJ-74699157 [Wellspring Biosciences and Janssen]
NCT04006301 Phase 1: Monotherapy 10 JNJ-74699157 in patients with advanced solid tumors (in-
terminated (actual) cluding NSCLC, CRC) with KRASG12C
due to toxicity
D-1553 [InventisBio]
NCT04585035 Phase 1/2: +/— standard 200 D-1553 in patients with advanced or metastatic solid tu-
recruiting treatment mors with KRAS612C
BI 1823911 [Boehringer Ingelheim]
NCT04973163 Phase 1: +/— BI 1701963 245 BI 1823911 +/— anti-cancer therapies in patients with ad-
recruiting vanced or metastatic solid tumors with KRASG12C
GFH925 [Genfleet Therapeutics (Shanghai) |
NCT05005234 Phase 1/2: not Monotherapy 128 GFH925 in patients with advanced solid tumors + KRASG12C
yet recruiting (phase 1) or advanced NSCLC + KRASG2C (phase 2)
JAB-21822 [Jacobio]
NCT05002270 Phase 1/2: +/— cetuximab 100 JAB-21822 monotherapy and combination therapy in adult
recruiting patients with advanced solid tumors with KRASG12C
NCT05009329 Phase 1/2: Monotherapy 144 JAB-21822 in patients with advanced solid tumors with
recruiting KRASG12C
YL-15293 [Shanghai YingLi Pharmaceutical]
NCT05119933 Phase 1/2: Monotherapy 55 YL-15293 in subjects with advanced solid tumors with
recruiting KRASG12C

All clinical trial data related to KRASG2C were retrieved from ClinicalTrials.gov on January 19, 2022, and summarized in this table.

Abemaciclib, CDK4/6 inhibitor; BI 1701963, SOSI inhibitor; GDC-1971,

SHP2 inhibitor; LY3295668, specific Aurora-A kinase inhibitor;

palbociclib, CDK4/6 inhibitor; PDR0O01 (spartalizumab), anti-PD-1; RMC-4630, SHPZ2 inhibitor; sintilimab, PD-1 inhibitor; temuterkib,

ERK1/2 inhibitor; TNO155, SHPZ inhibitor.
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Figure 4. Chemical structures of sotorasib and adagrasib.

(SELECT-1) B W,
WA AR (PFS) Ot 3R S e o 72,

Nt % bV B & i L C i
JER & L
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Table 3. Summary of Preclinical Kinetics of Sotorasib
and Adagrasib#

Sotorasib Adagrasib
(AMG510) (MRTX849)
Kinact/K1 (mM ~1s 1) 99 35+03
pERK IC50 (nM) 68 (in MIA PaCa-2) 5 (24 h, in MIA PaCa-2)
14 (in H358)

1.6 (I/h/kg)
=26.7 (ml/min/kg)
Mouse Vss (I/kg) 0.7 2.02
Mouse BA (F%) 22-40 62.9

Mouse clearance 19.9 (ml/min/kg)

Kinact/K1, a potent metric of the time-dependent inhibition for
irreversible inhibitors, where kinact and K1 are the rate of inacti-
vation and the reversible affinity of the inhibitor, respectively;
MIA PaCa-2, a human pancreatic cancer cell line harboring
KRASG2C, H358, a human non-small-cell lung cancer cell line har-
boring KRASGIC; Vss, steady state volume of distribution; BA,
bioavailability.

123 % ERK 2 5D MAPK ~OHE D7 4 — KXy
7 B E N, MEK-ERK #&EOFEH LA E 5 2 &
b, SELECT-1 #BAT oA RENehr o7z KE
BN EEZ SN T FAUERRE O EL D R S
nNCTnb. 2

KRASZE R % H 3 5 N AMIEIZ B 1T % synthetic le-
thality (FHEBUEM) ZAFET 205 IThb T & 7.
RAS 87 BRI & 28 AN %) L C, CRISPR/Cas9 iz
TR siRNA 12 & DAFEORE T 2l S L < 134
AL L7z 0 B2 IHI L 720 LT, #INMIC RAS ZE 5440
i % JEIR & & B GBI IE M & FEOBIRF2Z A &
V—=r 27 &7z, Table 1 125 S N/-3 2 G5 EIE
HIZTA T L7 2 HRBBES T & &7z CDK4 12D
W, KRAS Z5: NSCLC &% x5 & LT, CDK4/6
HEFTHLT NI 7Y T aF=7 L & HKT
% 85 T AR SR ER AT 72, PFS & BRIk #E &
N7z, FEFHMBEO TH 2 AWM (0S) 1kt S
Neho7z. 18

KRASC2C Z#1ZER) & U /-G REE DR R

Bk oD X 912, RAS & GTP DA HEH oAl N
#e ST &7 B4 L L, 2013 412 Shokat 5 @ 27
U — 72 & 5 T KRASGIZC.GDP # & & (KRASG12C/
GDP) DA A v F I HHIBOWMNIZA A v FIIAR>7 v b
(SII-P) & M:EN B cryptic groove (BEN723HKAR 7 » 1)
HREES N, I IS FALEMR G T A E T U AT
Uy 7RI X 5 TGDP & GTP O R IG AR5 &
N, KRAS IEIATEERNCR £ 2 2 LAVRENTZ.3 T oAl
K235 & £ 55 KRASGI2C o fF By RHEH] (G12Ci) A%
HEN, vV bF 7 (sotorasib, AMG510), 7% 75

¥ 7 (adagrasib, MRTX849), JDQ443, GDC-6036,
LY 3537982, D-1553, BI 1823911 7 & ASEE L2 i PR 7k 12 fik
BN, VRIS YTICKRET, 2021 45 HICA G iBREE
K9 % KRASGIZC 25 FLE5 P NSCLC i N o Gk &
L CHRHEARFEEN TS (Table2).19 & h & FH X
KRASG12C/GDP @ SII-P I[ZFERIICHAG L, T
BRUIZVATA V125K ELEFTHELTAA v FF
TIRRET RAS A 7 V& RS ICfEIEE¢ 5.3 v b
T TETE 7T YT OMEN A Figure 4, FERFIR R
DX AT 4 v 7 AR OEIRS /I HHRER O it % Table
3 k 4 L:ﬁ—\-j‘_ 13,14,19-22

PE#E# NSCLC B % &rir, KRASGI2C 28 S LG 355 A8
FHaRRE LR VL AERBICBWT, V53T
BT ¥ 7570 hAORKROFRS ORI, £
NZN 960 mg QD K600 mg BID TH ), ZOHET
DAFEEIE L, BRMICHA SN 2VWEEFHZIIC N
FTOEZAHHEEIN TV (Tabled). 1822 v k5 &
THE (960 mg) REIHE5-#H%0, REIAEO R A A #E
JE (Cmax) 1& 7.50 pg/ml, Crmax FlE R JLfif i 2.0 R,
IR IE 55518 KM TH o7z — ), TH¥ ST ol
AR R 24 IR & R o 72, 1822

VN YT O T HRERD NSCLC JEB, K OBEIG#
NSCLC B#H 2 G & U725 I AR TIX, H8iER)
# (ORR) IZZF N2 322% & 37.1%, o> ha—)v
#(DCR) 1% 88.1% & 80.6%, PFS Hyufiild 6.3 7 H & 6.8
PHDOBEIREECTH - 72,1320 F727 575 TH5Z
X 28 /I HFEBRICBWTSH, NSCLC #8454 H o ORR
KO DCRIFZFNZI, 45% KN 9%6% M EhTwb
(Table 4). 22

N5 D GI2C DR IE, BISEREE ST &7
KRAS ZEFNE 00§ 2 FF G HE & L CRIMIC & 5.
L2 L7255, EGFR HEHIR ALK BHEHRI SN2
DBEALETHH AT 5 NSCLC T/RT WL PFS
MERRFT & DRGNS S T 20 v, KRASGI2C 28 LR
TN M & L8 R R RE IS X D AR o KP,
KL, KCH 77N —7D %5 REZMEE4 L, 2 EMT
THEERITHAL L 7258 1& KRASGI2C (Z5F 4 2 KA AV
WD EEZ N5, KRAS 1 & L EHETIERIR
DIELDOXFEITONL W LA TFREINS.

G12Ci DR RBGER D 7= D P AL OGS b D ST
W5, KRAS EioZEAkFas ¥4 —+€ (RTK) %
#% #8 4 % SOSI ® Src homology 2 domain-containing
phosphatase-2 (SHP2) BHERI XL N TFTRDO LT = 7 § —=°
T = v 7 KA FRHEH e AR S &
n, ERREBDLG ST (Table2). 19

G12Ci DI ERAEREFE ICO VT HHFES LTS, 7
57T 2 TIRS LI & #EAS L 72 NSCLC B o I
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Table 4. Summary of Clinical Studies of Sotorasib and Adagrasib!3142022

Sotorasib (AMG510)

Adagrasib (MRTX849)

Phase 1 cohort of CodeBreaK 100

Phase 2 cohort of CodeBreaK 100

KRYSTAL-1 phase 1/2

Patient 129 patients with advanced solid 126 patients with NSCLC harbor- 110 patients with solid tumors (as of
enrollment tumors harboring KRASGI2C ing KRASG12C 30 August 2020)
59 with NSCLC, 42 with CRC, and 79 patients with pretreated NSCLC,
28 with other tumors 24 with CRC, and 7 with other solid
tumors
Patient N=59 N=126 N=79
characteristics 53 patients (89.8%) were current or Previous treatment 78% ECOG PS 0/1

at baseline
in subgroup
with NSCLC

former smokers.

53 (89.8%) had received anti-PD-1/
PD-L1 therapies.

All (100%) had received platinum-
based chemotherapy.

81% of the patients with PD after
Pt-based chemotherapy +check-
point inhibitors

19% with PD after receiving one
of them

57% female, 43% male
Median age: 65 years old (range, 25-
85)

Dose regimen
Follow-up

180 mg to 960 mg p.o. QD

Median 11.7 months (range, 4.6 to
21.2 months)

960 mg p.o. QD

Median 15.3 months (range, 1.1 to
18.4 + months)

600 mg p.o. BID

Efficacy in
subgroup with
NSCLC

N=59
CR:n=0
Confirmed ORR: n=19 (32.2%)
DCR: n=52 (88.1%)
mPFS: 6.3 months (range, 0.0+ to
14.9)

N=124
Confirmed ORR: 37.1%
DCR: 80.6%
Median duration of response: 11.1
months
mPFS: 6.8 months

N =51 (evaluable patients)
ORR: n=23 (45%, including 5 un-
confirmed PRs)
DCR: 96% (49/51)
Median time on treatment: 8.2
months (range, 1.4 to 13.1+)

Safety and N=129 N=126 In the subgroup with NSCLC (N=
tolerability No dose-limiting toxic effects from Any TRAESs: n =288 (69.8%) 79)
180 mg to 960 mg QD Grade 3: n=25 (19.8%) Common TRAEs (>20%):
Any TRAEs: n="73 (56.6%) Grade 4 n=1 (0.8%); dyspnea nausea (54%), diarrhea (48%), vom-
Grade >3: n=15 (11.6%) and pneumonitis iting (34%), fatigue (28%), and in-
Grade 4: n=1 (0.8%); increased Grade 5:n=0 creased ALT (23%)
ALT Common TRAEs (>10%): Serious TRAEs of Grade 3/4: hypo-
Grade 5:n=0 diarrhea (31.7%), nausea (19.0%), natremia (3%, 2/79)
Serious TRAEs: n=2 (1.6%) increased ALT (15.1%) and AST
Common TRAESs (>10%): (15.1%), fatigue (11.1%)
diarrhea (20.2%), increased AST Treatment discontinuation caused
(10.9%), increased ALT (10.1%) by TRAEs: n=9 (7.1%)
PK At a dose of 960 mg p.o. QD Not available T1/2: about 24 h

Cmax: 7.50 ng/ml (CV 98.3%)
Median Tmax: 2.0 h (range, 0.3 to 6.0
h)

AUCoasn: 65.3 h X pg/ml

Mean (£ SD) elimination Ti/2: 55+
18 h

AE, adverse event; ALT, alanine aminotransferase; AST, aspartate transaminase; AUC, area under the concentration-time curve;

BID, twice a day; Cmax and Tmax, the maximum concentration of a drug reached in plasma and the amount of time the concentration

remains at Cmax; CR, complete response (confirmed); CRC, colorectal cancer; CV, coefficient of variation; DCR, disease control rate (con-
firmed complete/partial response or stable disease); ECOG PS, Eastern Cooperative Oncology Group Performance Status; NSCLC,
non-small-cell lung cancer; ORR, objective response rate (confirmed); PD, progressive disease; PK, pharmacokinetics; p.o., orally; mPFS,
median progression-free survival; QD, once a day; T12 the amount of time taken for Cmax to drop by half; TRAE, treatment-related

AE.

LKL IMLAE DNA OIS B W T TEIC B 5§ % 85T
DR ra—Fv e BE I HE X7z (Figure 5). 232

KRAS # a1 ORI T (on-target B¥F) & LT,

KRASCIZC AR T IZ BT D Hloa F o o2 8 (2IR2E
H)RE—a F o7z ZR(F—T L Vo v RAZEH),
KRAS O AR il fm T O bR (a5 7 Lv
DT AZER), KRASCIXC O BAZ B IR A M S 1
72,2324 F 7> off-target #%)7> & LT, NRAS MDA
ZF O ERR BT IIE, MAPK 7 A7 — Ko

BRAF, MAP2K1 O{ZFERS I S 7z, 2824 2512
WD © P L~ FBIT D ZBAUIT X B i VEAER b
FhHEO LN, IS G12CH Zxt LT %
R EEZOLNSL. bitbiid, KRASGCIZC 238 A L 7=
Ba/F3 e xZ2RETdh % ENUFLETIZVY F 5T 7,

TETG Y TIREGHT D 2 & T4 L DRSS,

12 FEf D KRAS 2 IRZEFR 2 M L7z, Z oI ERR A
THiH X7z G13D, R68S, YO6D 23&rEh 5.5 Zh s
MR D S B, G12C+Y96D/S MZERIRIZY F 5> 7T &
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G12C inhibitors
\ / NRASQEM
Secondary mutations V600E NRASE:T
KRASG120+Rses RAF BRAF NRAS
KRASG12C+H95D
KRASG1ZC+Y960/D MAP2K1K57N RETM913T
ge EEB MAP2K1 %"
KRAszw MAP2K1E102-1103¢e! MET amplification
KRAS
Trans e Off-target mechanisms
KRASG13D ERE Histologic transformation
KRAS Adenocarcinoma to
KRASS ¢ amplification squamous-cell carcinoma

On-target mechanisms (Nongenetic mechanisms)

A

Proliferation and survival

Figure 5. Acquired resistance to adagrasib with the emergence of heterogeneous resistance altera-
tions in patients with KRASG2C NSCLC.22 Genomic alterations were detected using a next-generation
sequencing assay or droplet digital PCR in tissue samples or circulating tumor DNA from patients
with KRASS12¢ NSCLC who acquired resistance to adagrasib after initially showing stable disease or an
objective response to the treatment. Tissue biopsy specimens taken before treatment and at the time
of acquired resistance to adagrasib were compared histologically. Limited sequencing reads support
the notion that acquisition of the secondary cis mutation at codon 12 in KRAS, KRASG? is a potential
resistance mechanism. BRAF, v-raf murine sarcoma viral oncogene homolog Bl; MET, mesenchymal

epithelial transition factor; RET, rearranged during transfection.

T F 7T 7Rt LTHERO 100 5 2L F ol &2 R L7z
HS, TS PUSb O 2 RAS SR ) BHE AN 3 2 &k
Mo TW72. 5 HEHBERICERAZ S 7 V3528
T, KRASHERREZI 32 2 LaWifrsis.

G12C LIS DZEE KRAS FREHRINDER

G12C DAk ZE 8 KRAS 12X LT, SII-P 2 &4 5%
TaATY v 7 HEREZAEES 5 IIEESTET 5.
SATA VIESHEAAT HME—DOT I JVBTHY, <
A MATIMBUBIZ X 5T, 727 UN7 I FREERTHER
HItAERGEE DL S, I ERH LT L ® G12Ci A7
HEINT ZOMOT I ) MER KRAS Tl k)%
MEIIER SR, Lo, HEBEICIET 5138
BV SII-P BURPEZ FEo b EWIC X D, Z OB fF P
T& 5. FERRIZ KRASGI2D/GDP @ SII-P (2 & LA o
(fi Wk 72 $0=—~0.2 pM) G12D 4 52 iy BH 55 5] MRTX1133
HIE K S AT ERIR B S B Bis 12 dp % . 26
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HleglEs-7v b

WAEF 72 AI3E % — 4 v M & LT, KRAS Lt
SOS1 & % ik SHP2 251 & L 72 KRAS ZZELI5 G # b
BErEhTBsy, ZThsofEARNE G12C O P H 3wl
ELTHIEH SN TW 5.2728 SOSI 13 GDP-RAS 20 &
GTP-RAS ~DO %% 89 % GEF ®—>TH Y, RAS
DOIEMALZ RS 2 7217 T <, MAPK/ERK #i o 1E
DT 4 — KNy ZHEEIZHEE L Tw 5. 2930 3R
SOS1 FH 5 #) @ BI-3406 1Z RAS A5 A5 5 72 6 O filt i
BROL LIRS A L, RAS & SOSI D& % i iy s
3% 2 LT, RAS IiHAL 2 ##3 %. SOS1 & MEK FHE
FF I XA F=TOHHIZX D, KRASCIZC 72 5 TN IZ
KRASGI3D 28 5 % 473 B gl ik 126k L <, JERIRRER T
BAGHINHIRI R 2R L7228 SHP2 1%, U YE k7o >~
ARSI IR L3 HEEE T, MR R BNICIA <
534§ B, SHP2 13Kk 4 72 3 77 F WAZEIZ S 5 28,
RTK 7* %5 RAS-RAF-MEK-ERK #%i¥ 2 it L, Al b5l
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3. & b KRAS ZRARE D in vivo SAERMINEL; € 7
JUClE, SHP2 % SHP2 HEH] (GS-493) 12 & ) BHET %
& MEK FHEH (I 2 F=7) LOBHT, HiEyd
BRI RPN H R R ASFR D S Tz, 27

% &

KRAS % &, 228 RASITAIFEARTRE RN & S
T&7z. ZoMME LT, iR RAS @ GTP & D&
BAMEDOE S, B LV OMBEN GTP #EE, RAS 5T
WA EG R v FORIEAZET SN, 1 RAS
T2 &3 L IHERHBORBES OREZERE Sh
TE72. INolE, TUNVERWATO AT v 7 %
FOBELZ LY, A7 & KRASCIZC i ICEAL T, —
DOFPIRB R EN/-bnLEZONS. LirL, K
MRUTO LD 2R EESINS. 1) LFTLIETO
RAS 25 SLIERE DAL RAS ARAF I TV, 2)RAS & &
TP VRRIIEHET, TREEALTE), —o o
B2 BHE L MofEEIc X ) g EfFATE 5. 3)
KRAS Z 5T 7 B Aok & 70 B A b =M %
HT 5., REHTIEMN 2> 7225, & MIBWTEL
D RASHEMW. G & /S HHPAAET 5 2 L D HEES D—
WNEEz oMb, BRNEOMEENS G12Ci DEHIC
£V, KRASZER ZF oM ORISR E 5 2 & 2°
WREEN 5. 5% 208K L E BERIROM L&
& BT, > KRAS ZE SN0 3 2 RO RIS & K
AR DOWFFEE IR L 72w,

RN B 2 F#H ORI« E R [(BFest -
B EORBFIHRNRN=1) O — L XA &, GER
B [HY - 3BER] HARR—=) Y F— A VTN, L, T A
Uz &M (AMGEN), £ —54YY—, 7ALIEL
71 LEge#: - B 72 EORBI HARN =Y 25— A o
AL, TALZESRA B GH)) FH a2 o] HA
N—=1) = A TN A L

AMGEN % E$tfit 2 21, st 7 A a—KRL—T g
KA OME R SR L 7.
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