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A B S T R A C T   

KRAS is mutated in approximately 25% of Non-small Cell Lung Cancer (NSCLC) patients and first specific in-
hibitors showed promising responses that may be improved by concurrent interference with downstream 
signaling pathways. Cell lines exhibiting KRAS mutations show specific sensitivities to modulators affecting 
glucose utilization, signal transduction and cell survival. Novel SOS1-directed inhibitors with a broader anti-
cancer coverage such as BAY-293 and BI-3406 inhibit KRAS through the hindrance of SOS1-KRAS interactions. 
The aim of this study was to check the putative synergy of BAY-293 with modulators having revealed specific 
vulnerabilities of KRAS-mutated cell lines. The present investigation tested the cytotoxicity of BAY-293 combi-
nations against a series of Osimertinib-resistant primary NSCLC cell lines using MTT tests and calculation of 
combination indices according to the Chou-Talalay method. The results show that BAY-293 synergizes with 
modulators of glucose metabolism, inhibitors of cellular proliferation, several chemotherapeutics and a range of 
diverse modulators, thus corroborating the chemosensitivities of cells expressing mutated KRAS. In conclusion, 
BAY-293 exerts cytotoxicity with a wide range of drugs against Osimertinib-resistant primary NSCLC cell lines. 
The administration of pan-KRAS inhibitors alone may be limited in vivo by toxicity to normal tissues but made 
feasible by its use as part of suitable drug combinations. This study shows that BAY-293 combinations are active 
against NSCLC cells not further amenable to mutated EGFR-directed targeted therapy and results likewise hold 
relevance for pancreatic and colon cancer.   

Introduction 

RAS comprising KRAS, NRAS and HRAS is the most frequently 
mutated family of genes in cancers and these mutations are drivers for a 
significant fraction of lung, colorectal (CRC) and pancreatic ductal ad-
enocarcinomas (PDAC) [1,2]. RAS is a small GTPase that toggles be-
tween its GTP- bound active and the GDP-bound inactive state. RAS 
proteins show both intrinsic GTP hydrolysis and nucleotide exchange 
activity but their signaling state depends on activation by guanine ex-
change factors (GEFs) that execute the loading of GTP such as SOS1/2 
and deactivation by GTPase-activating proteins (GAPs) that catalyze the 
hydrolysis of GTP [3,4]. In its GTP- bound state, RAS activates several 
downstream pathways and mutations in RAS result in constitutive 
activation and high cell proliferation [5,6]. 

KRAS mutations in lung cancer, CRC and PDAC occur predominantly 

at codon 12 and covalent inhibition of the KRAS- G12C mutation by 
inhibitors targeting the active site cysteine fix KRAS in its inactive GDP- 
bound state [7–10]. G12C comprises approximately 50% of KRAS mu-
tations in lung cancer and G12D is most common in PDAC and CRC [11]. 
A series of mutated KRAS inhibitors has been developed that trigger cell 
death across various tumor models [12–14]. Two novel drugs, namely 
AMG510/Sotorasib [15] and MRTX849/Adagrasib [16], have 
half-maximal growth inhibitory concentration (IC50) values in the low 
nanomolar range and have shown clinical activity. Furthermore, AMG 
510 exhibited synergistic antiproliferative effects when combined with 
inhibitors of proteins that modulate RAS and RAS signaling, such as 
MEK, AKT, PI3K, SHP2 and EGFR family members [15,17]. AMG 
510/Sotorasib was the first KRAS inhibitor to reach clinical trials 
revealing promising phase I trial results in NSCLC with responses in half 
of the patients of limited duration [18,19]. 
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The results of the first KRAS inhibitor trials indicate that these in-
hibitors may need to be combined with other therapeutics to achieve 
high and durable clinical responses. However, targeting effector 
signaling downstream of KRAS has not yielded significant clinical ben-
efits in previous attempts [20,21]. To target native KRAS, its interaction 
with GTP loading can be inhibited and the best characterized GEF for 
RAS are the Son of Sevenless (SOS) proteins [22,23]. Nanomolar SOS1 
inhibitors, such as BI-3406 and BAY-293, that disrupt the KRAS inter-
action and abolish GTP reloading of native and mutated KRAS resulting 
in antiproliferative activity were found in compound screens [24–26]. 
For mutated KRAS a number of pathways have been found to comple-
ment in synthetic lethality screens [27–29]. The inhibition of native 
KRAS is limited by toxicity to normal tissues but combination therapy 
with modulators of special vulnerabilities of KRAS mutated cells may 
help to improve the efficacy of pan-KRAS targeting compounds. The 
present investigation aimed at checking the efficacy of effectors found in 
these screens in combination with the pan-KRAS inhibitor BAY-293 for 
the treatment of NSCLC. 

Materials and methods 

Chemicals 

Chemicals were obtained from Sigma-Aldrich (St. Louis, MO, USA) or 
from Selleck Chemicals (Houston, TX, USA). Dulbecco’s phosphate 
buffered saline (PBS) was purchased from Gibco/Invitrogen (Carlsbad, 
CA, USA). Compounds were prepared as stock solutions of 10 mM in 
DMSO or 0.9% NaCl for cisplatin and aliquots stored at − 20 ◦C. 
Equivalent concentrations of DMSO were supplemented for medium 
controls. 

Cell culture 

One commercial permanent cell line, NCI-H23, was obtained from 
the American Type Culture Collection (Rockville, MD, USA) and the 
primary Osimertinib-resistant lung cancer lines used were established in 
our lab. Collection of pleural effusions of lung cancer patients, isolation 
of tumor cells and generation of cell lines was done according to the 
Ethics Approval 366/2003 by the Ethics Committee of the Medical 
University of Vienna, Vienna, Austria. In brief, pleural effusions were 
centrifuged and the tumor cells washed with tissue culture medium 
consisting of RPMI-1640 medium, supplemented with 10% FBS 
(Seromed, Berlin, Germany) and antibiotics (final concentrations: 50 U/ 
mL of penicillin, 50 µg/mL of streptomycin, and 100 µg/mL neomycin). 
When required, erythrocytes were removed by Histopaque®− 1077 
(Sigma-Aldrich) gradient centrifugation. Primary NSCLC cell lines were 
established in tissue culture medium and cultures split by trypsination. 
Mutational status of the patients has been established using the Onco-
mine Focus 52-genes NGS Array (ThermoFisher Scientific, Waltham, 
MA, USA). 

In detail, NCI-H23 was derived from a lung adenocarcinoma carrying 
a KRAS G12C mutation and the IVIC-A, BH837 and BH828 lung 
adenocarcinoma cell lines are all established from pleural effusions of 
patients carrying EGFR Del19 mutations (no T790M or KRAS mutations 
present) progressing under Osimertinib therapy. The three PDAC cell 
lines used for comparison exhibit mutated G12C/Mia-Pa-Ca2, G12D/ 
ASPC1 or wildtype KRAS/BxPC3. 

Cytotoxicity assay 

Aliquots of 1 × 104 cells in 200 µL medium were treated for four days 
with twofold dilutions of the test compounds in 96-well microtiter plates 
in quadruplicate (TTP, Trasadingen, Switzerland). The plates were 
incubated under tissue culture conditions and cell viability was 
measured using a modified MTT (3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide) assay (EZ4U, Biomedica, Vienna, 

Austria). Optical density was measured using a microplate reader at 450 
nm and values obtained from control wells containing cells and media 
alone were set to 100% proliferation. For the assessment of the inter-
action of the compounds, tests were performed comprising the indi-
vidual drugs alone and in combination, followed by analysis using the 
Chou-Talalay method with help of the Compusyn software (ComboSyn 
Inc., Paramus, NJ, USA). The combination index CI <0.9 indicates 
synergism, CI >1.1 indicates antagonism and 0.9< CI <1.1 indicates an 
additive effect. 

Statistics 

Statistical analysis was performed using Student’s t-test for normally 
distributed samples (* p < 0.05 was regarded as statistically significant). 
Values are shown as mean ± SD. 

Results 

Cytotoxicity of BAY-293 against lung cancer and pancreatic cancer cell 
lines 

The cytotoxic activity of BAY-293 was tested for 4 NSCLC and 3 
PDAC cell lines in regular 2D culture MTT tests (Fig. 1). The IC50 values 
ranged from 1.7 for BH828 to 3.7 µM for BH837. The KRAS mutated 
NCI-H23 cell line exhibited a low BAY-293 sensitivity and, for com-
parison, for the PDAC cell lines the wildtype KRAS line BxPC3 was more 
sensitive to the inhibitor compared to the KRAS mutated MiaPaCa2 and 
ASPC1 lines. 

Examples of the cytotoxicity against the NSCLC lines of selected BAY-293 
combinations 

Examples of the cytotoxic activity combinations of BAY-293 with 2- 
deoxyglucose (2-DG) and the Polo-like kinase inhibitor PLK1i/BI-2536 
in MTT tests are shown for NCI-H23, BH828 and BH837, respectively 
(Fig. 2 A/B and Fig. 3 A/B). The PLK1i was synergistic with BAY-293 for 
BH837 but not for IVIC-A with a combination index of 1.33 ± 0.69 The 
combination of BAY-293 with 2-DG exhibited high synergy in KRAS- 
mutated NCI-H23 and in KRAS wildtype BH828 cells. 

The initial concentrations of the test compounds were diluted 
twofold in 7 steps. Values represent mean values ± SD. 

The initial concentrations of the test compounds were diluted 
twofold in 7 steps. Values represent mean values ± SD. 

The initial concentrations of the test compounds were diluted 
twofold in 7 steps. Values represent mean values ± SD. The CI for this 
combination was 0.66 ± 0.024 (Fig. 3). 

Combination of BAY-293 with modulators of cellular glycolysis 

BAY-293 was tested for antiproliferative effects in combination with 
2-deoxy-D-glucose (2-DG), dichloroacetate (DCA), metformin (MET) 
and linsitinib that modulate glucose utilization and the signaling of 
insulin/insulin-like receptors, respectively (Fig. 4). Cyclosporin (CsA) 
was included as control and to test for the possible inhibition of a P- 
glycoprotein-mediated transport. All four cell lines revealed high syn-
ergy of BAY-293 in combination with 2-DG, whereas addition of DCA 
showed no significant effect. Metfomin was synergistic with the wild-
type KRAS inhibitor, with exception of BH837 cells. Linsitinib or CsA 
were either ineffective or yielded an antagonistic effect in combination 
with BAY-293. 

Values present mean values ± SD. Differences to a summary CI of 
inactive compounds (1.023 ± 0.018) are significantly different for all 
combinations except DCA, METF/BH837, Lins and CsA/BH837. 
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Combination of BAY-293 with cell proliferation and cell cycle inhibitors 

BAY-293 was tested for antiproliferative effects in combination with 
MAPK inhibitors trametinib and PD98059, AKT inhibitor rapamycin and 
CDK inhibitors Palbociclib and flavopiridol (Fig. 5). 

Trametinib (TRAM; Mekinist) is an oral selective mitogen-activated 
extracellular signal regulated kinase 1/2 (MEK1/2) inhibitor, 
PD98059 is a potent and selective inhibitor of MAP kinase kinases 
(MAPKK), specifically MEK1, rapamycin is a specific mTOR inhibitor, 
Palbociclib is a highly selective inhibitor of CDK4/6 and flavopiridol 

competes with ATP to inhibit CDKs including CDK1, CDK2, CDK4 and 
CDK6. BAY-293 synergy tests show high efficacy with trametinib, 
PD98059 with exception of BH837 and flavopiridol. Rapamycin is 
significantly active in combination for IVIC-A and BH828 and Palboci-
clib for IVIC-A and BH837, respectively. 

BAY-293 in combinations with chemotherapeutics 

A range of chemotherapeutic drugs were tested for possible synergy 
with BAY-293 (Fig. 6). Cisplatin (cisPt) proved to be synergistic with the 
KRAS inhibitor, except for the BH837 cell line. Whereas the combination 
with pemetrexed (Peme) showed no enhanced cytotoxicity, doxorubicin 

Fig. 1. IC50 values of BAY-293 for a panel of NSCLC and PDAC cell lines (mean values ± SD).  

Fig. 2. A. Combination test of BAY-293 with 2-DG against H23 cells. B. Com-
bination test of BAY-293 with 2-DG against BH828 cells. 

Fig. 3. A Combination of BAY-293 with inhibitor PLK1i BI-2536 (Polo) for 
BH837 cells. B. Combination of BAY-293 with inhibitor PLK1i BI-2536 (Polo) 
for BH828 cells. The initial concentrations of the test compounds were diluted 
twofold in 7 steps. Values represent mean values ± SD. The CI for this case was 
0.58 ± 0.027. 
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(Doxo) and topotecan (TPT) were synergistic with BAY-293, except for 
the BH828 cell line. 7-Ethyl-10-hydroxycamptothecin (7ET), that rep-
resents the active ingredient of irinotecan, SN38, lacks synergy but 
temozolomide revealed high activity in combination with BAY-293. 

BAY-293 combinations with diverse modulators 

The covalent EGFR inhibitor afatinib exhibited high synergy with 
BAY-293 for H23 and IVIC-A but not for BH828 (Fig. 7). The ALK in-
hibitor crizotinib showed low activity, except for BH837. The two BET 

inhibitors, namely I-BET762 and MZ1 yielded high synergy with the 
KRAS inhibitor. With exception of BH837, the three other lines were 
highly sensitive for the synergistic combination of BAY-293 with the 
HSP90 inhibitor Ganetespib and the NRF2 inhibitor ML385, 
respectively. 

Conclusions 

Although moving KRAS inhibitors into the clinic had been a major 
advance, the molecular background that predict response and resistance 
and their combination with other therapeutics remain to be fully 
exploited [2]. So far, responses to mutation-specific KRAS inhibitors 
were variable and of shorter duration [16–18]. The purpose of the 
present study was to investigate which therapeutics may be combined 
with the pan-KRAS inhibitor BAY-293 to achieve maximal synergistic 
effects against lung cancer cells. BAY-293 was described as a valuable 
chemical probe and test compound for investigations but not optimized 
for clinical use and in patients the dosage applied of such wildtype KRAS 
inhibitors may be limited by toxicity to normal tissues [30]. The cell 
lines used for the present study represent KRAS-mutated NSCLC 
NCI-H23 (G12C) cells and three primary KRAS wildtype NSCLC lines 
derived from patients progredient under EGFR inhibitor Osimertinib 
therapy [31]. Genomic investigations of NSCLC have indicated that 
KRAS mutations are mutually exclusive with other oncogenic drivers, 
including those derived from EGFR, ALK, ROS1, RET and BRAF because 
co-expression leads to oncogene-induced senescence [32]. KRAS acti-
vates several effector proteins including RAF kinases and PI3K which 
trigger signaling through MEK and ERK that drive proliferation [5,6]. 
Furthermore, PI3K-KRAS activates AKT and mTOR, which regulate 
metabolism and apoptosis [2]. CRISPR–Cas9 screen found that loss of 
several cell cycle and mTOR pathway genes as well as SHP2 and MYC 
further reduced tumor growth in the presence of MRTX849 [15]. 
However, indirect targeting of KRAS-driven tumors by inhibition of 
downstream effectors of KRAS has shown limited clinical benefit and 
other useful combinations have to been formulated. For example, the 
EGFR inhibitor afatinib and the CDK4/6 inhibitor palbociclib increased 
the response of KRAS-G12C xenografts to MRTX849 [15]. 

KRAS-driven cancers are characterized by changes in metabolic 
pathways comprising increased uptake of nutrients, enhanced glycol-
ysis, elevated glutaminolysis, and increased catabolism of fatty acids 
and nucleotides [33–35]. KRAS mutant CRCs exhibit increased expres-
sion of glycolytic and glutamine metabolic enzymes and inhibition of 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was demon-
strated to result in cell death [36,37]. In vivo, the hypovascularity of the 
tumor niche must be compensated by upregulation of the glucose 
transporter GLUT1 and hexokinase II (HK2), respectively [38,39]. The 
HK2 inhibitor 2-DG impairs cell growth through apoptosis and 

Fig. 4. Cytotoxicity of combinations of BAY-293 with modulators of glycolysis 
and CsA. 

Fig. 5. BAY-293 combination with trametinib (TRAM), PD98059, rapamycin 
(RAP), Palbociclib (PALB) and flavopiridol (Flavo). Values present mean values 
± SD. Differences to a summary CI of inactive compounds (1.023 ± 0.018) are 
significantly different for all combinations except RAPA/H23 and BH837 as 
well as PALB/BH828. 

Fig. 6. Cytotoxicity of BAY-293 in combination with a range of chemothera-
peutics. Values present mean values ± SD. Differences to a summary CI of 
inactive compounds (1.023 ± 0.018) are significantly different for all combi-
nations except for PEME/H23, BH837, BH828, TPT/BH828 and SN-38/H23, 
IVIC-A, BH828. 

Fig. 7. Cytotoxicity of BAY-293 in combination with a range of modulators. 
Values present mean values ± SD. Differences to a summary CI of inactive 
compounds (1.023 ± 0.018) are significantly different for all combinations 
except for AFA/BH828 and Crizo/IVIC-A,. 
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autophagy [40]. CRC cell clones with mutant KRAS are more sensitive to 
glucose deprivation or metformin (inhibitor of mitochondrial complex I) 
than their wild-type KRAS counterparts [41]. Our results show that 2-DG 
is highly synergistic in combination with BAY-293 for all cell lines 
tested. Cancer cells show reduced mitochondrial oxidation, regardless of 
oxygen availability, the well-known Warburg effect and dichloroacetate 
(DCA) reverses the metabolism from anaerobic glycolysis to aerobic 
glucose oxidation by inhibiting mitochondrial pyruvate dehydrogenase 
kinase 1 (PDK1) [42,43]. DCA increases mitochondrial reactive oxygen 
species thereby inducing apoptosis in tumor cells [43,44]. However, for 
the four NSCLC lines tested here, DCA exhibited no synergy with 
BAY-293. Metformin inhibited cell proliferation, induced apoptosis with 
the greatest response in cells carrying activating mutations in KRAS [45, 
46]. Metformin synergizes with cisplatin against KRAS/LKB1 
co-mutated tumors, and may prevent the onset of resistance to cisplatin 
[47]. Actually, metformin showed high synergy with BAY-293 except for 
BH837 NSCLC cells. Linsitinib is a potent dual inhibitor of the IGF-1 
receptor and insulin receptor (IR) that are critical for cell prolifera-
tion, growth, and survival [48,49]. This inhibitor proved to be antago-
nistic with 2/4 cell lines used. Cyclosporin A (CsA) was tested to check 
for possible P-glycoprotein effects but showed no sign of synergy with 
BAY-293, instead, antagonism was observed for NCI-H23 and IVIC-A. 
CsA was the first immunosuppressor that have been shown to modu-
late P-gp activity in laboratory models and entered very early into 
clinical trials for reversal of MDR [50]. In conclusion, direct interference 
with cellular glucose utilization by 2-DG and metformin acts synergistic 
with BAY-293. 

Mutations in RAS oncogenes result in activation of the RAS-RAF- 
MEK-ERK pathway, leading to cell proliferation and survival [51]. 
Combined mTOR by Rapamycin and MEK inhibition produced tumor 
regression in KRAS-driven lung cancer models [49]. Replacing the MEK 
inhibitor with the KRAS-G12C inhibitor ARS-1620 was associated with 
greater efficacy and specificity. Clinical benefits achieved by BRAF and 
MEK inhibitors constitutes a promising approach for therapies of KRAS 
mutated cancers drug resistance is frequently observed [52,53]. The first 
MEK1/2 inhibitor PD098059 was reported in 1995 and Trametinib 
(MEKinist™) is the first MEK inhibitor approved for BRAF-mutated 
melanoma that is used in combinations [54–56]. Furthermore, tumors 
with KRAS mutations were more sensitive to CDK inhibitors relative to 
KRAS wild-type tumors [57]. Combined inhibition of both MEK and 
CDK4/6 inhibitor Palbociclib was effective in preclinical models of 
KRAS mutant CRC and NSCLC [58,59]. The pan-CDK inhibitor Fla-
vopiridol proved highly cytotoxic in all KRAS mutant NSCLC cells at 
nanomolar concentrations [60]. Furthermore, silencing of CDK4 
induced senescence in NSCLC with KRAS-activating mutations [61]. Our 
combination experiments using BAY-293 and ERK/mTOR as well as CDK 
inhibitors confirm the results showing synergism of a pan-KRAS inhib-
itorand the same modulators. In detail, trametinib, PD098059, rapa-
mycin and the CDK inhibitors Palbociclib and flavopiridol exhibited 
synergistic cytotoxic effects with BAY-293, except for Palbociclib in case 
of NCI-H23 cells. 

Other possible combinations with wildtype KRAS inhibitors would 
include cytotoxic drugs currently in use for lung cancers. In wildtype 
EGFR NSCLCs, a poor outcome on platinum/pemetrexed was reported 
for KRAS-mutant patients and activation of the KRAS pathway may 
drive resistance to platinum/pemetrexed [62]. Activation of the cell 
stress response gene NRF2 by KRAS is responsible for its ability to pro-
mote drug resistance [63]. RNAi-mediated silencing of NRF2 was suf-
ficient to reverse resistance to cisplatin elicited by ectopic expression of 
oncogenic KRAS in NSCLC cells. With exception of BH837 cell line, 
cisplatin proved synergistic with BAY-293 but pemetrexed was not 
active. NSCLC cells with a KRAS mutation were highly sensitive to 
treatment with TRAIL and 5-fluorouracil (5FU) [64]. Sequential 
administration of 5-FU plus selumetinib would be a promising strategy 
for patients having KRAS or BRAF mutant colon cancers [65]. Oncogenic 
KRAS sensitized colorectal tumor cells to oxaliplatin and 5-FU in a 

p53-dependent manner [66]. Several of these agents induced a selective 
loss of viability in the KRAS mutant cells, most notably drugs that are 
known to inhibit DNA topoisomerases, either directly or indirectly, such 
as camptothecin, daunorubicin and doxorubicin [28]. Cancer cells with 
mutant KRAS showed selective addiction to proteasome function, as 
well as synthetic lethality with topoisomerase inhibition [28]. Combi-
nation targeting of these functions caused improved killing of KRAS 
mutant cells relative to wild-type cells. The topoisomerase II inhibitor 
doxorubicin showed synthetic lethality with mutant KRAS inhibitors. 
Whereas the topoisomerase I inhibitor topotecan proved to be syner-
gistic with BAY-293, SN-38, the active derivative of irinotecan, was 
largely inactive which would have important consequences for the 
treatment of CRC. KRAS-mutated mCRC had higher protein expression 
of c-MET and lower MGMT, suggesting consideration of c-MET in-
hibitors and temozolomide [67,68]. 

The pan-ERB inhibitor afatinib effectively impairs KRAS-driven lung 
tumorigenesis and the use of ERB inhibition was suggested for the 
treatment of KRAS-mutated NSCLC [69]. AFR1 lung cancer cells 
exhibited afatinib resistance as a result of wild-type KRAS amplification 
[70]. In this study, two cell lines showed synergy for the 
BAY-293-afatinib combination and the EGFR inhibitor-resistant cell 
lines BH828 and BH837 exhibited minor effects. The ALK inhibitor 
crizotinib showed synergism with BAY-293 in case of BH837 cells most 
likely due to inhibition of c-MET that may be upregulated in resistance 
to EGFR inhibitors. Small-molecule inhibitors of the bromodomain and 
extra terminal domain (BET) family, such as JQ1, I-BET762 and 
OTX-015, are active in a wide range of different cancer types, including 
lung cancer. In a panel of 12 KRAS-mutated NSCLC models, cell lines 
responsive to BET inhibitors underwent apoptosis [71]. Targeting MYC 
by BET inhibition for the treatment of a murine KRAS mutant NSCLC 
showed therapeutic efficacy [72,73]. The PROTACs (proteolysis tar-
geting chimeras) dBET1 and MZ1 induced degradation of BRD4 fol-
lowed by a reduction in MYC expression and inhibition of CRC cell 
proliferation [74]. In our experiments, both inhibitors revealed marked 
synergy with BAY-293 for all 4 NSCLC cell lines tested. The HSP90 in-
hibitor ganetespib sensitized mutant KRAS NSCLC cells to chemother-
apeutics of the antimitotic, topoisomerase inhibitor, and alkylating 
agent classes [75,76]. Dual inhibition of the HSP90 and MEK signaling 
pathways was proposed to treat KRAS-mutant NSCLC with intrinsic 
resistance to MEK inhibition [77]. These results correspond to the 
marked synergy of ganetespib with BAY-293 against the four NSCLC 
lines tested. Approximately 20% of KRAS-mutant NSCLCs carry 
loss-of-function mutations in KEAP1, a negative regulator of NRF2, 
which is the principal regulator of the cellular antioxidant response 
[78]. In KRAS-mutant NSCLC, LKB1 loss results in redox stress, that is 
ameliorated through KEAP1/NRF2-dependent metabolic adaptations 
and sensitivity to glutaminase inhibition [79]. With exception of the 
BH837 line, the NRF2 inhibitor ML385 proved to be synergistic with 
BAY-293. 

In summary, BAY-293 exhibit synergy with a wide range of com-
pounds and its anticancer activity is suggested to be amenable to com-
bination with drugs discussed for KRAS G12C and mutation-specific 
inhibitors [80]. In a first clinical phase pan-KRAS and mutation-specific 
KRAS inhibitors are to be combined but the efficacy may be further 
enhanced by addition of inhibitors targeting characteristic vulnerabil-
ities of KRAS-triggered cells. Inhibition of the common receptor tyrosine 
kinase (RTK) signaling intermediate SOS1 by BAY-293 was demon-
strated to exert marked synergy with osimertinib in 3D 
spheroid-cultured EGFR-mutated NSCLC cells [81]. Furthermore, KRAS 
combination therapy using BAY-293 may be active in NSCLC patients 
after failure of targeted therapy employing Osimertinib. 

Ethics approval 

All procedures performed in this study involving human specimen 
were in accordance with the Declaration of Helsinki (as revised in 2013). 

A. Plangger et al.                                                                                                                                                                                                                                



Translational Oncology 14 (2021) 101230

6

Patients signed informed consent forms before drawing of pleural effu-
sions according to the Ethics Approval 366/2003 by the Ethics Com-
mittee of the Medical University of Vienna, Vienna, Austria. 
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