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Precision cancer therapies in 2022



 Drugging all KRAS mutants has the
potential to almost double the reach
of Precision Oncology

 New patients per year in the U.S.:
• ~250,000 cancer patients (14.1%)

eligible for FDA approved precision
medicines

• ~210,000 patients (11.6%) with KRAS
mutated or amplified cancers

 KRASmut+ population largely non-

Impact of drugging all KRAS mutants

KRASmut+
population

Currently actionable
population 

M Hofmann, D Gerlach, S Misale, M Petronczki and N Kraut, Cancer Discov. 2022

These compounds are investigational agents and have not been approved for use. The efficacy 
and safety of these investigational compounds have not been established.



 1982-2012: Three decades of tinkering with targeting RAS

 2013: Direct KRAS G12C inhibition (Ostrem et al., Nature 2013)

 2021: FDA approval of KRASG12C inhibitor sotorasib (Skoulidis et al., NEJM 2021)

Progress in cracking KRAS

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational 
compounds have not been established.



Mutant-selective KRASG12C inhibitors are currently changing the treatment paradigm for 
patients with KRASG12C-mutated cancers

KRASG12C is an actionable cancer driver

Objective Response Rates (ORR) of patients with KRASG12C

mutated tumors

21%10

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational 
compounds have not been established.



Clinical KRASG12C inhibitor resistance

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these 
investigational compounds have not been established.



Clinical combination strategies for 
KRASG12C inhibitors

M Hofmann, D Gerlach, S Misale, 
M Petronczki and N Kraut, Cancer 
Discov. 2022 (modified); 
www.clinicaltrials.gov 

EGFR
Cetuximab
Panitumumab
Afatinib
Erlotinib

VEGF®
Bevacizumab

PD-(L)1
Pembrolizumab
Tislelizumab
Atezolizumab
Sintilimab
AMG404RAF/MEK

VS-6766
MEK
Trametinib
ERK
Temuterkib
ERAS-007

CDK4/6
Abemaciclib
Palbociclib

Aurora A
LY3295668

mTOR
Everolimus

SOS1
BI 1701963

SHP2
TNO155
RMC4630
GDC1971
JAB3312
ERAS601

KRASG12C (OFF) inhibitors
Sotorasib
Adagrasib
D-1553
JDQ443
RG6330/GDC-6036
LY3537982
BI 1823911
JAB-21822
GFH925
GH35
MK-1084
BPI-412286
YL-15293

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational 
compounds have not been established.



Opportunities of drugging KRAS 
beyond KRASG12C

M Hofmann, D Gerlach, S Misale, M Petronczki and N Kraut, Cancer Discov. 2022

Patient numbers for distinct KRAS mutant alleles/amplification 
in top 7 cancer types (US)

CRC: colorectal cancer; PDAC: pancreatic ductal adenocarcinoma; LUAD: lung adenocarcinoma; UEC: undifferentiated endometrial carcinoma; 
IDC: invasive ductal carcinoma; STAD: stomach adenocarcinoma; EAC/GEJC: esophageal adenocarcinoma/ gastroesophageal junction cancer 



 More than 10 KRASG12C inhibitors in clinical development
(druggability advantage of nucleophilic cysteine)

 Non-KRASG12C mutants pose significantly druggability challenges (no inherent nucleophilicity)

 All KRAS inhibitors beyond KRASG12C covered here (blue box) are at preclinical stage

KRAS inhibitors in development

M Hofmann, D Gerlach, S 
Misale, M Petronczki and N 
Kraut, Cancer Discov. 2022

LUNA18 (Chugai), cyclic peptide pan-RAS inhibitor, Clinical

These compounds are investigational agents and have not been approved for use. The efficacy and 
safety of these investigational compounds have not been established.



Mirati Therapeutics: Discovery of MRTX1133, 
a non-covalent inhibitor of KRASG12D

Medicinal chemistry campaign towards MRTX1133

Wang et al., J. Med. Chem. 
2022, 65, 4, 3123; Zheng et 
al., J. Med. Chem. 2022, 65, 
4, 3119 

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational 
compounds have not been established.



Characterization of MRTX1133 in 
KRASG12D xenograft models

IP administration of MRTX1133 to xenograft tumor-bearing mice 
inhibits KRAS signaling and exhibits antitumor activity

MRTX1133 demonstrates cytoreductive antitumor 
efficacy across a panel of xenograft tumor models

Limited oral bioavailability; formulations to enable IV delivery and maximize plasma exposure are being pursued

J Christensen, AACR/NCI/EORTC Conference 2021
These compounds are investigational agents and have not been approved for use. The 
efficacy and safety of these investigational compounds have not been established.



Boehringer Ingelheim approach to 
KRASG12D inhibitors

KRASG12D

O-O

BI KRASG12D

inhibitors

Non-covalent
interaction optimization

KRAS

Fragment Optimization

S

2nd Site Fragment Screening

KRAS
Switch I/II pocket

Switch II pocket

Fragment Library
Switch II pocket Switch II pocket

D McConnell, The Third NCI RAS Initiative Symposium 
2021

These compounds are investigational agents and have not been approved for use. 
The efficacy and safety of these investigational compounds have not been 
established.



Characterization of BI-KRASG12D

inhibitors
Oral administration of BI-KRASG12D3 to xenograft tumor-bearing mice 
exhibits biomarker modulation and antitumor activity in KRASG12Dmut models

Cell line, 2D proliferation BI-KRASG12D3 MRTX1133

GP2D KRASG12D EC50 (nM) 10 1

ASPC-1 KRASG12D EC50 (nM) 53 38

ASPC-1 H95L KRASG12D EC50 (nM) 923 >1,000

LS513 KRASG12D EC50 (nM) 32 19

LS513 H95L KRASG12D EC50 (nM) >1,000 >1,000

MKN-1 KRASWT AMP EC50 (nM) 467 700

M Hofmann, RAS-
Targeted Drug 
Development 
Conference, 2021; S 
Jurado, M. Garofalo, 
J. Ramharter et al 
unpublished
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(30mg/kg
p.o., bid)

HCC-461
(90mg/kg
p.o., bid)

LS513
(90mg/kg
p.o., bid)

HPAC
(90mg/kg
p.o., bid)

*high dose of trametinib 
used as positive control 
(0.5mg/kg bid, 5x of clin. 
relative dose) 

* * * 

BI-KRASG12D3

BI-KRASG12D3 is an orally available, mutant-selective non-covalent inhibitor of KRASG12D

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational 
compounds have not been established.



Revolution Medicines: Mutant selectivity 
beyond KRASG12C

S Kelsey, AACR-NCI-EORTC Meeting 2021; C Schulze et 
al., AACR Annual Meeting 2022, Abstract 3598, April 12, 
2022 

Formation of inhibitory tri-complexes Mutant selective inhibition of KRASG13C and KRASG12D

These compounds are investigational agents and have not been approved for use. 
The efficacy and safety of these investigational compounds have not been 
established.



RMC-9805: In vivo efficacy in models of 
KRASG12D cancers

RMC-9805 is an orally available, mutant-selective covalent inhibitor of KRASG12D

S Kelsey, Corporate Presentation 2022; JE Knox 
et al., AACR Annual Meeting 2022, Abstract 
3596, April 12, 2022

dosed at 100 mg/kg p.o. qd

These compounds are investigational agents and have not been approved for use. The 
efficacy and safety of these investigational compounds have not been established.



Selectively versus broadly addressing 
KRAS mutants

M Hofmann, D Gerlach, S Misale, M 
Petronczki and N Kraut, Cancer 
Discov. 2022

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational 
compounds have not been established.



Boehringer Ingelheim approach to 
pan-KRAS inhibitors

BI pan-KRAS 
Inhibitors

pan-KRAS interaction
optimization

KRAS

Fragment Screening

KRAS

Fragment Library

pan-KRAS Fragment

KRAS
KRAS pocket not specifiedKRAS pocket not specified KRAS pocket not specified

D McConnell, The Third NCI RAS Initiative Symposium 2021
These compounds are investigational agents and have not been approved for 
use. The efficacy and safety of these investigational compounds have not been 
established.



Characterization of BI-panKRAS
inhibitors

BI-panKRAS1 is isotype selective for KRAS

BI-panKRAS3 is an orally available, non-covalent 
selective inhibitor of mutant and wild-type KRAS  0.1 1 10 100 1000 10000
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BI-panKRAS3

BI-panKRAS3

BI-panKRAS3 activity on cell panel

N Kraut, AACR Annual Meeting, 2021; D. Rudolph, L. 
Herdeis et al., unpublished

These compounds are investigational agents and have not been approved for use. The efficacy and 
safety of these investigational compounds have not been established.



BI-panKRAS3: In vivo efficacy in models 
of KRASMUT/AMP cancers 

D. Rudolph,
L. Herdeis et
al.,
unpublished

CRC=colorectal cancer; PDAC_ pancreatic cancer; NSCLC=non-small 
cell lung cancer; SCLC= small cell lung cancer; GC= gastric cancer
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SW620 KRASG12V CRCLS513 KRASG12D CRC GP2d KRASG12D CRC DMS-53 KRASAMP SCLC

AsPC-1 KRASG12D PDAC HCT-15 KRASG13D CRC MIA PaCa-2 KRASG12C PDAC MKN-1 KRASAMP GC

NCI-H441 KRASG12V NSCLC CAPAN-2 KRASG12V PDAC A549 KRASG12S NSCLC

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational 
compounds have not been established.



Revolution Medicines: Characterization 
of RASMULTI inhibitor RMC-6236

RMC-6236 inhibits KRAS, HRAS and NRAS

RMC-6236 is active 
in vivo in KRASG12X

models

S Kelsey, AACR-NCI-EORTC Meeting 2021; Corporate Presentation 2022; 
M Singh et al., AACR Annual Meeting 2022, Abstract 3597, April 12, 2022

dosed at 25 mg/kg p.o. qd
These compounds are investigational agents and have not been approved for use. 
The efficacy and safety of these investigational compounds have not been 
established.



Boehringer Ingelheim approach to pan-
KRAS degraders

BI pan-KRAS 
Degraders

PROTACs = Proteolysis Targeting Chimeras
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D McConnell, The Third NCI RAS Initiative Symposium 2021

These compounds are investigational agents and have not been approved for use. The efficacy 
and safety of these investigational compounds have not been established.



PROTACs enable irreversible KRAS 
inhibition by degradation

Ternary X-ray crystal structures Cellular Degradation

BI-KRASdegrader3: 
Preferential cellular
degradation of cycling
KRAS mutants

J. Popow, C. Kofink, A. Mantoulidis, A. Ciulli, W. Farnaby, et al. unpublished

KRAS degrader selectivity
BI-KRASdegrader3, 50nM, 8h

GP5d cell line transduced
with HiBit-tagged KRAS

These compounds are investigational agents and have not been approved for use. 
The efficacy and safety of these investigational compounds have not been 
established.



Characterization of BI-KRASdegrader3: 
In vivo degradation and efficacy
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BI-KRASdegrader3 
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Activity across KRAS-driven xenograft models

J. Popow, C. Kofink et al. unpublished
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These compounds are investigational agents and have not been approved for use. The efficacy and safety of these investigational compounds have not been 
established.



Summary and conclusions:
 Targeting KRAS has the potential to almost double the

patient population eligible for precision oncology
 Progress in drugging other KRAS mutants with allele-specific inhibitors, eg

KRASG12D and KRASG13C– Feasibility for other KRAS mutants to be determined

 Strong rationale for pan-KRAS concepts, including direct pan-(K)RAS inhibitors
and pan-KRAS degraders – Broad mutant coverage appears feasible

 First compounds directly targeting KRAS beyond KRASG12C are expected to
reach the clinic soon

 We are at the beginning of the end for KRAS cancers:
Drugging of all the major KRAS mutant variants and advancing rational
combinations for all KRAS-driven cancers is gaining traction

The beginning of the end for KRAS cancers

These compounds are investigational agents and have not been approved for use. The efficacy and safety of these 
investigational compounds have not been established.
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