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Abstract:

Background: Emerging data highlight different clinical behavis@according t&KRAS amino
acid substitutions (AASs) in non-small cell lungncar (NSCLC) patients. We aimed to
evaluate whether differenKRAS AASs were associated with different responses to

chemotherapy.

Methods: We retrospectively reviewed data from 1190 patiemith KRAS mutations who
underwent first-line platinum-based chemotherapy dtage IV NSCLC. The response to
different chemotherapy regimens was evaluated uiagRECIST criteria (v 1.1). Overall

survival (OS) and time to progression (TTP) wereséary end points.

Results: Taxane was associated with the best respondeeieritire cohort (OR: 2.52 (95%
Cl: 1.82-3.48), p<0.001), especially in G12V patiefOR: 2.15 (95% Cl: 1.05-4.41),
p=0.036). Taxane was associated with improved Tilthe entire cohort (HR: 0.31 (95% CI:
0.26-0.38), p<0.001), especially in G13D patiemt&(0.47 (95% CI: 0.22-1.01), p=0.054).
Pemetrexed was associated with the worst TTP inetiige cohort, particularly in G12V
patients, who had the worst response rates (HRG (85% CI. 0.30-0.99), p=0.049). No

impact on OS was observed according to differeatraitherapy regimens and AASSs.

Conclusion: KRASspecific AAS appears to induce different responseshemotherapy

regimens after first-line platinum-based chemotpgia advanced NSCLC.

Key words: chemotherapy, KRAS, amino acid substitution, sorall cell lung cancer



I ntroduction

Lung cancer remains the leading cause of cancatertldeaths worldwide Non-small cell
lung cancer (NSCLC) accounts for nearly 80% ofdhgjical subtypes. The last decade has
seen a dramatically increased understanding of culale alterations in cancer, helping
clinicians offer a more accurate prognosis for ggg8 and adapt therapies. Lung cancer,
especially NSCLC, has not been left behind. Indémdsome years now, we have witnessed
the progressive evolution of a histological clasation of NSCLC towards a molecular
classification® 3 Especially in NSCLC adenocarcinomas, several gawic drivers have
been discovered, and some have led to significadliffnations in patients’ management and
prognosis. Hence, activating mutations of exons218ef the epidermal growth factor
receptor (EGFR) or echinoderm microtubule-associated protein-like 4 (EML4) - anaplastic
lymphoma kinase (ALK) translocation, conferring sensitivity to EGFR dgine kinase
inhibitors (TKI) and ALK inhibitors, respectivelyhave been associated with significantly

improved survival in metastatic NSCLC patiefifs

Meanwhile, the prognostic and predictive valuesheke two mutations appear to be clearly
established' 8, which is not the case for others, especially\\Mdti-ras2 Kirsten rat sarcoma
viral oncogene homologue (KRAS) mutations. IndeedRAS mutations are found in nearly
30-35% of lung adenocarcinomas and are more freqnesmoking patients; these mutations
mainly occur on exon 2 codon 12/13, have been densil as a single entity for many years
and have mainly been linked to poor prognosis ifCNS °. However, recent data suggest
that only a fleeting glimpse ¢&¢RAS mutations has thus far been explot®dndeed in vitro
and in vivo studies suggest there is important heterogeneitpng KRAS mutations,
especially according to amino acid substitutionené€, previous studies have shown that

according to amino acid substitution, different dstveam signalling pathways appear to be



activated™, leading to different clinical behaviours with #fefent prognosis?® ** different

types of disseminatiot{ or different responses to radiation ther&py

More interestingly, based on am vitro study demonstrating different sensitivities to
chemotherapied®, previous authors have attempted to investigagedifferent profiles of
chemosensitivity according t§RAS amino acid substitution. However, despite intengst
results, the current literature is poor, contramictand mostly based on small retrospective

cohorts'’%

Consequently, we aimed to evaluate the responsdifterent chemotherapy regimens
according toKRAS amino acid substitution in a large cohort of migtis NSCLC after first-

line platinum-based chemotherapy.



Methods

This study was approved by the Ethics Committe¢hef French Society of Thoracic and

Cardiovascular Surgeons (Approval Numi2817-4-23-11-20-17-ReS).

We retrospectively reviewed data from patients esuffy from NSCLC who underwent
routine molecular testing fd¢RAS andEGFR between January 2007 and December 2015 at
the molecular biology department of Strasbourg ©rsity Hospital (Strasbourg, France).
Our study included stage IV NSCLC patients, acemdd the 7 TNM edition, with KRAS
mutations who received platinum-based chemotheaapy first-line treatment. Patients were
excluded in cases of surgery, concurréi@FR or ALK mutation, or the absence of
documentation of response evaluation. Radiatiorathe as palliative treatment, was allowed

during chemotherapy treatment.
Molecular analysis

Molecular analysis was performed KRAS codons 12 and 13, as previously describd

Samples for molecular analysis were obtained framary or metastatic tumour sites.
Covariate and data collection

Baseline patient characteristics were collectedluging age at diagnosis, sex, histology,
chemotherapy combinatioKRAS amino acid substitutions, smoking history and oase to

treatment. Smoking status was characterized asr reev@moker, <100 cigarettes in their
lifetime, a former smoker, quit >1 year before diagis and a current smoker with an
ongoing smoking habit or who quit <1 year beforggdiosis. The Charlson comorbidity index
(CCI) was calculated for each patient. We groupatiepts into the following established
categories according to their total scored (no comorbidity); 1-2 (average); 3—4 (moderate)

and>5 (severe). Response to treatment was evaluateddang to RECIST criteria (version



1.1) 2. All baseline computed tomographic scans wereeresd by a dedicated radiologist

who specialized in thoracic radiology during theltmisciplinary board.
Satistical analysis

Categorical data are presented as a number (pageert) and continuous data as the mean

(standard deviation [SD]).

Associations between the RECIST response and apaitiological characteristics,
chemotherapy regimens akdRAS mutations were investigated with the use of thgaskc
regression model. According to RECIST criteria, ptate and partial responses were pooled
into the response group (RG); meanwhile, stablemndressive diseases were pooled into

the non-response group (NRG).

The overall survival (OS) was defined as the tinoenfthe date of initiation of the first cycle
of chemotherapy to the date of death from any caeagents still alive on the date of the last
follow-up were censored. The time to progressiomR)lwas defined as the time from the
date of first treatment to the date of disease nes®ijon or deathTime-to-event variables

were estimated using the Kaplan-Meier method amapaoed using a log-rank test.

A Cox proportional hazard model was used to estantia¢ crude and adjusted hazard ratios
(HRs) and 95% confidence intervals (Cls) as wellcasvaluate possible predictors of the OS
and TTP. The follow-up duration was used as the tarale. Predictors of the OS and TTP
associated with P <0.2 on univariate analysis wekided in the multivariable models. To

limit the risk of a inflation, predictors identified in univariate dysis on the whole cohort

were used in multivariate analysis for each subgranalysis (i.e., pemetrexed, gemcitabine,
taxane and bevacizumab groups). All tests weresided, and variables were considered
significant for P-values <0.05. Statistical anat/seere performed using Stata 13.1

(StataCorp LP, College Station, TX, USA).



Results

Patient characteristics

According to the selection criteria, 118®AS mutated patients with Stage IV NSCLC who

received platinum-based chemotherapy as firsttie@tment were included in the analyses.

The population demographics and clinical and patiiol characteristics of these patients are

reported in Table 1.

Most patients were male (756 — 63.5%) and activekens (896 — 75.3%), and the mean age
at the time of treatment was 67.2 years (SD + 10Afenocarcinoma was the most
represented histology (1134 — 95.3%). All patientse dead or had experienced a disease

progression at the date of last follow-up.

Platinum-based chemotherapy was mostly associatbdpemetrexed (476 — 40.0%), which
was followed by vinorelbine (357 — 30%), taxaned23 20.0%) and gemcitabine (119 —

10.0%). In the taxane group, 119 (50.0%) patiemsewvreated with bevacizumab.

Analyses ofKRAS codon 12 mutations revealed 593 (49.8%) G12C,(20®2%) G12V, 139
(11.7%) G12D, 73 (6.1%) G12A, 27 G12S (2.3%), 12B11.3%), 11 G12F (0.9%) and 1
G12L and G12N (0.1%). Because of their small propor G12F, G12L, G12N, G12R,
G12S, and G12Y KRAS amino acid substitutions wetuded in “other G12” for further
statistical analysis. Concerning codon 13, 48 (4.0¢RAS G13C transversions and 38

(3.2%) G13D transitions were observed.



RECIST response analysis

Overall, at the end of follow-up period, a respohsedhe treatments was observed in 345

(29.0%) patients.

The results of univariate and multivariate logistiegression analysis for the RECIST

response are illustrated in Supplementary Table 1.

In univariate analysis, the age (OR 0.97; P< 0.®BEp CI 0.96-0.99) and male sex (OR
0.49; P< 0.001; 95% CI 0.38-0.64) were found t@bsociated with the NRG. Chemotherapy
regimens, including vinorelbine (OR 0.66; P= 0.05% CI 0.47-0.91), were found to be
associated with the NRG, while treatment with tax@@R 2.52; P< 0.001; 95% CI 1.82-3.48)
was associated with CR / PR. In the taxane groepadzumab administration (OR 2.91; P
P< 0.001; 95% CI 1.72-4.92) was associated withRee TheKRAS mutational status was
not a significant predictor in univariate analysfishe whole cohort, while in patients treated
with bevacizumab, only G12V mutations were assediatith the RG (OR 3.37; P= 0.043;

95% CI 1.04-11.0).

In multivariate analysis, treatments with vinoraki(OR 0.62; P= 0.01; 95% CI 0.44-0.87)
and gemcitabine (OR 0.5; P= 0.01; 95% CI 0.30-0\88j)e associated with NRG, while
taxane regimen was associated with RG (OR 2.2; P10 95% CIl 1.56-3.10)KRAS

mutational status was not a significant prediatomultivariate analysis of the whole cohort.

In the taxane group (Table 2), bevacizumab admatish (OR 3.42; P< 0.001; 95% CI 1.87-
6.27) was found to be independently associated ti¢hRG at the multivariate analysis.
According to different chemotherapy regimens, GlI2utations were associated with the
NRG in the pemetrexed group (OR 0.55; P= 0.049; €3%.30-0.99), while they were found
to be associated with the RG in both the taxane 2QR; P= 0.036; 95% CI 1.05-4.41) and

bevacizumab (OR 3.39; P=0.047; 95% CI 1.02-11r@)jos.



Overall survival analysis

Overall, the 6- and 12-month survival rates wer&8hd 5%, respectively (Supplementary

Figure 1). The results of the Cox models for thedaDSillustrated in Table 3.

In the univariate analysis, none of the variabllemterest significantly influenced the OS. Of
note, theKRAS mutational status was not a significant predicibrthe OS on univariate

analysis in the whole cohort or in patients treat&ti bevacizumab.

When analysed according to different chemotheragymens (i.e., pemetrexed, vinorelbine,
taxane, gemcitabine or bevacizumab), the OS wassigoificantly influenced by KRAS

amino acid substitutions (data not shown).

Timeto progression analysis

Overall, the 3-, 6- and 9-month TTP rates were 6%% and 1%, respectively
(Supplementary Figure 2). The results of univareted multivariable Cox models for TTP

are illustrated in Supplementary Table 2.

In univariate analysis, the age (HR 1.02; P< 0.@%Pp Cl 1.01-1.03) and male gender (HR
1.34; P < 0.001; 95% CI 1.19-1.51) were found teeha negative effect on the TTP, while
not otherwise specified (NOS) histology improveé tAiTP (HR 0.65; P= 0.004; 95% CI

0.48-0.87). Chemotherapy regimens, including thegk vinorelbine (HR 0.72; P< 0.001;

95% CI 0.62-0.82), gemcitabine (HR 0.79; P= 0.(®209CI 0.64-0.96) and taxane (HR 0.29;
P< 0.001; 95% CI 0.25-0.35), were associated witietder TTP (Figure 1). In the taxane
group, bevacizumab administration was associatéd avibetter TTP (HR 0.84; P= 0.009;

95% CI 0.74 - 0.96) (Figure 2).



In multivariate analysis (Supplementary Table Batments with vinorelbine (HR 0.76; P<
0.001; 95% CI 0.66-0.88) and taxane (HR 0.32; P81.95% CI 0.26-0.38) were associated
with a better TTPKRAS mutational status was not a significant predigtomultivariate
analysis of the whole cohotlowever, G12D and G12V mutations tended to havetteb
TTP, albeit not significantly (HR 0.85; P=0.08; 952 0.70 - 1.02 and HR 0.86; P= 0.07,

95% C10.74 - 1.01, respectively).

In the sub-group multivariate analysis (Table 3)lydG13D mutations tended to have a better
TTP when submitted to taxane, albeit not signifitafOR 0.47; P= 0.054; 95% CI 0.22 -
1.01). Finally, among patients treated with bevaiab, allKRAS amino acid substitutions

were associated with a worse TTP in multivariata ysis.
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Discussion

In this large cohort study, we have shown thateddht types ofKRAS amino acid
substitutions may induce different responses tdimlm-based chemotherapy regimens.
Although KRAS mutations have been considered a unique entitgdoeeral decades, growing
published evidence is highlighting the large hejerwity of KRAS mutations, leading to
different clinical and molecular behaviours. Intpadar, previous authors have attempted to
investigate different responses to chemotherapyrdoty to amino acid substitution.

Garassinct al. *°

, iIn anin vitro model using NSCLC cell lines, were the first tqeativise
different response sensitivity patterns. Indeed2@Glexpression was associated with a
reduced response to cisplatin and increased setysith Taxol and pemetrexed; at the same
time, the G12D mutant was associated with resistémd axol and sorafenib. Finally, G12V
had high sensitivity to cisplatin with more resista to pemetrexed. These different responses
to chemotherapy regimens might be at least partetplained on a molecular basis by the
different downstream signalling pathways activatetording to amino acid substitution.
Hence, in ann vitro study, lhle et al. reported that bdfRASG12C and G12V exhibited
activated Ral signalling and decreased growth fadépendent Akt activation, although the
G12D mutation exhibited activated PI3K and MEK silling **. Based on these results, few
retrospective clinical studies have been conducteithout providing unequivocal

conclusions. Jannet al. 8

, In a retrospective study based on 83 patiengprted that
patients withKRAS G12C and G12V had better OS, progression-freeialr¢PFS) and
objective response rate (ORR) than did patientls otiherK RAS mutations when treated with

selumetinib plus docetaxel. In line with these hssiCserepest al. *°

, In a retrospective
study based on 167 patients harboulfAS mutations, showed a better response to cisplatin
in G12V patients. Mellemat al. **, in a larger multi-centre cohort study in the Netands

on 464 patients, showed a higher ORR in G12V piigreated with taxanes. In contrast,

11



Metro et al. %°, in a retrospective cohort study based onKRAS mutant patients, did not
observe any difference according to amino acid tdubien. However, all were relatively

small cohort studies, limiting their level of evidze.

To the best of our knowledge, our study is thugharlargest published series on the impact
of KRAS amino acid substitutions on the response to platidvased chemotherapy regimens.

In agreement with Garassimbal. *°

, we have shown that G12V mutants were signifigantl
more resistant to pemetrexed, with a lower ORR mmeg to the RECIST criteria.
Furthermore, pemetrexed was associated with a wioFgethan that of other chemotherapy
regimens for allKRAS amino acid substitutions. Interestingly, in agreamwith previous
authors™® ' we have shown that taxane administration waselto an increased ORR in
the whole cohort, especially in G12V patients, @angdositive effect on TTP, especially in
G13D patients, without impacting the OS. The exalam of this positive effect of taxane
may rely on the interaction between microtubuled KRAS. Indeed, it has been previously
noted that KRAS binds to microtubules with highiraffy in a prenylation-dependent manner
23 Hence, in cells treated with paclitaxel, cytopisaccumulation of KRAS was noted with
reduced plasma membrane localization and redisimibinto an endosomal compartméht
Beyond its anti-mitotic activity, taxane may distuKRAS intra-cellular trafficking,
explaining the anti-proliferative activity observedth taxane. Interestingly, as noted by
previous author$” 2° patients in our cohort treated with taxane + biamab had a higher
ORR than did those treated with taxane alone, edpet G12V patients. This effect may
rely on the up-regulation of vascular endotheli@vgh factor (VEGF) production iKRAS
mutated cancers, especially in codon 12 mutatfGif& However, although bevacizumab
administration was related to a better ORR, it vedated to a significantly worse TTP in each

subgroup ofKRAS amino acid substitution in multivariate analysne can speculate on

several hypotheses after a primary response toakexpghese opposing effects. First,

12



bevacizumab, by blocking VEGF production, inducesiygpoxic microenvironment, with
angiogenic escape in a hypoxia-inducible facto=jHlependent manner, leading to tumour
proliferation. Second, a *“rebound effect” may occat the time of bevacizumab
discontinuation. Third, bevacizumab may interferé&hwother intra-cellular molecular
pathways, especially microRNAs (miRNAS) and induce a totally opposite effect. Indeed,
mMiRNAs are known to act as double-edged swordgjmidathe role of both oncogenes and
tumour-suppressor genes depending on the stimfedusexample, miR29b has been shown in
KRAS G12V mutant NSCLC cell lines to tip the balancénsen apoptotic sensitization and
resistance depending on extrinsic stimulati@nHowever, these are only speculations, and
further studies are necessary to elucidate thepesimy effects of bevacizumab &RAS

mutants.

Nonetheless, these observations suggest a largeobeneity ol KRAS mutations. Hence, in
the biology ofKRAS-driven non-small cell lung cancen vitro studies have shown that two
subgroups oKRAS mutated cells appear to exist. The first subgrappears to depend on
KRAS mutations for its survival, while the other doex #. Consequently, directly targeting
KRAS in the ‘KRAS-independent” group does not appear to be relebacause it does not
affect cancer cell survivah vitro. However, the complexities d¢RAS mutations are not
limited here. Indeed, previous authors have alsawshthat 3 major subgroups &RAS
mutant NSCLC adenocarcinomas are defined by thexisience of other genetic alterations,
STK11/LKB1, TP53 and CDKN2A/B *2. These different genetic alterations appear to be
predictive of the response to anti-PD1/PDL1 immueoapy in KRASmutated NSCLC
because the immune tumour micro-environment appeamiffer according to these co-
mutations®® ** In line with these observationsK translocation anékRAS mutations have
thus far been considered mutually exclusive. Howewvecent publications suggest a

potentially higher rate of co-expression of these molecular alterations than that expected

13



% which may have biological and clinical conseqesncsuch as different responses to

treatment regimens, requiring further explorationtarger studies than those published thus

far.

Our study must be interpreted with caution based dew limitations. First, it is a single-
centre, retrospective cohort study. For this reasenwere not able to collect data such as
performance status (PS), presence of brain metsstasl use of carboplatin vs cisplatin, or
time of use of radiation therapy, which may havdiaghly biased our results. However, even
though CCI cannot totally replace PS, it has begnifecantly associated in a recent work
with survival after adjusting for PS in stage IIB/NSCLC *°. Otherwise, although cisplatin
has been associated with a slightly increased QRR1-y survival does not differ between
these two chemotherapy regiméhsBecause of the retrospective nature of our waekdid

not have data from aBGFR/KRASALK wild-type adenocarcinoma group for comparison.
These data would be interesting in future studessttengthen the results. Furthermore,
except for G12C and G12V, the patient subgroup® welatively small. In particular, other
G12 groups included various types BRAS amino acid substitutions, preventing the
exploration of all codon 12 biological effects. Mower, because none of the patients was
treated with platinum alone, the impact of diffaréi\Ss on sensitivity to platinum was not
evaluated. Hence, one can speculate that partfefetices observed between chemotherapy
regimens can be related to different sensitivityplatinum according to the AAS. Finally,
because our centre is & 3eferral centre, patients are addressed by varmeslogists.
Consequently, the number of courses of the chemagigaegimen may have been different

among patients and may have led to a possible bias.

In conclusion, this is the largest published sesie®ving thakK RAS amino acid substitutions
may impact the response to chemotherapy. In p#aticit appears that G12V patients are

more resistant to pemetrexed. Otherwise, taxaneaspdo be an interesting therapeutic in
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patients with KRAS mutations, especially G12V patients. Bevacizumalhough it is
associated with a higher ORR, especially in G12Wepés, appears to lead to a worse TTP.
This opposite effect might require further inveatigns. Finally, as noted by previous
authors, although ORR and TTP may differ accordmghe amino acid substitution and
chemotherapy regimen, no impact on OS was nptedy. However, our study must be
interpreted with caution based on its limitatioRsospective, multi-centre cohort studies are
required to clearly elucidate the real impact oé theterogeneity oKRAS mutations.

Nonetheless, these observations offer new hopd&&s-mutant patients.

Clinical Practice Points

KRAS mutations, present in nearly 30-35% of lungraztarcinomas and more frequent in
smoking patients, have been considered as a sewgley for many years and have been
linked to poor prognosis in NSCLC. Current literatumostly based on small retrospective
cohorts, is poor and contradictory about the défemprofiles of chemo-sensitivity according

to KRAS amino acid substitution.

Our study, performed on the largest published sd¢aalate, demonstrated that different types
of KRAS amino acid substitutions may induce difféaraesponses to platinum-based
chemotherapy regimens. In particular, we showed@®i2V mutants were significantly more
resistant to pemetrexed. Furthermore, pemetrexadassociated with a worse TTP than that
of other chemotherapy regimens for all KRAS amiom substitutions. Finally, we observed
that taxane administration was related to incredserhpy response outcomes in the whole

cohort, especially in G12V and G13D patients.

15



In conclusion, our results suggest a large heterge in profiles of chemo-sensitivity
according to KRAS mutations. These observationerafew hope to KRAS-mutant patients

and support the development of MEK inhibitors.
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Figure Legends:

Figure 1: Kaplan-Meier representation of time to progression according to chemotherapy

regimen in the whole cohort.

Figure 2: Kaplan-Meier representation of time to progression according to bevacizumab use

in the taxane group.

Supplementary Figure 1: Kaplan-Meier representation of survival in the whole cohort.

Supplementary Figure 2: Kaplan-Meier representation of time to progression in the whole

cohort.
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Tablel

Variable

(years) (mean £ SD)

Female

N (%)

67.2+10.4

434 (36.5%)

G12A

67.1+10.5

27 (37.0%)

G12C

67.8+10.3

196 (33.1%)

G12D

66.7 £10.8

57 (41.0%)

G12v

66.3 £10.6

103 (42.9%)

Other G12*

66.8 £9.2

22 (39%)

G13C

67.6 £10.1

13 (27%)

G13D

65.7+£11.9

16 (42%)

Male

Non-smoker

756 (63.5%)

294 (24.7%)

46 (63.0%)

15 (21.0%)

397 (66.9%)

163 (27.5%)

82 (59.0%)

29 (20.9%)

137 (57.1%)

59 (24.6%)

34 (61%)

15 (27%)

35 (73%)

9 (19%)

22 (58%)

4(1.3%)

Smoker

896 (75.3%)

58 (79.0%)

430 (72.5%)

110 (79.1%)

181 (75.4%)

41 (73%)

39 (81%)

37(98.7)

Adenocarcinoma 1134 (95.3%) | 69 (95%) |567 (95.6%) | 132 (95.0%) | 230 (95.8%) | 56 (100%) | 43 (90%) | 34 (89%)
NOS° 46 (3.9%) 4 (5%) 20(3.4%) | 6(4.3%) 8 (3.3%) 4 (3%) 4(11%)
Squamous cell carcinoma | 10 (0.8%) 0 6 (1.0%) 1(0.7%) 2 (0.8%) 1(2%)

GI12A 73 (6.1%)
G12C 593 (49.8%)
G12D 139 (11.7%)
G12F 11 (0.9%) 11 (20%)
G12L 1(0.1%) 1(2%)
G12N 1(0.1%) 1(2%)
G12R 15 (1.3%) 15 (27%)
G125 27 (2.3%) 27 (48%)
G12v 240 (20.2%)
G12Y 1(0.1%) 1(2%)
G13C 48 (4.0%)
G13D 38 (3.2%)
G13V 3(0.3%)
Charlson Comorbidty Indexn=110) ___________________ Jou
0 136 (11.4%) | 10(14%) | 85(14.3%) | 12 (8.6%) | 23(9.6%) 4 (7%) 2 (4%)
1 341 (28.7%) | 23 (32%) | 155 (26.1%) | 47 (33.8%) | 80(33.3%) | 9(16%) | 20(42%) | 7(18%)
2 618 (51.9%) | 34 (47%) |301(50.8%)| 71(51.1%) | 116 (48.3%)| 40 (71%) | 22 (46%) | 31 (82%)
3 95 (8.0%) 6 (8%) 52(8.8%) | 9(6.5%) | 21(8.8%) 3 (5%) 4 (8%)
(Chemotherapy(n-vi0) o
Platinum + Pemetrexed 476 (40.0%) | 25(34%) |260 (43.8%) | 44 (31.7%) 87(36.3%) | 20 (36%) 25 (52%) 15 (39%)
Platinum + Vinorelbine 357 (30.0%) | 29(40%) |176(29.7%) | 45 (32.4%) 53(22.1%) | 23 (41%) 13 (27%) 15 (39%)
Platinum + Taxane 238 (20.0%) | 10(14%) | 98 (16.5%) | 35 (25.2%) 69(28.7%) | 10(18%) | ¢ (17%) | 8(21%)
Platinum + Gemcitabine | 119 (10.0%) | 9(12%) | 59(9.9%) | 15 (10.8%) 31(12.9%) | 3(5%) 2 (4%)

No

119 (50.0%)

6 (60%)

31 (32%)

22 (63%)

45 (65%)

7 (70%)

5 (63%)

5 (63%)

Yes

119 (50.0%)

4 (40%)

67 (68%)

13 (37%)

24 (35%)

3 (30%)

3 (38%)

3 (38%)

°NOS: not otherwise specified ; *Other G12 substitutions included G12F, G12L, G12N, G12R, G12S, and G12Y KRAS

amino acid substitutions
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Table 2: Multivariate” sub-groups analyses of response to chemotherapy according to the RECIST criteria

MULTIVARIATE MULTIVARIATE MULTIVARIATE
MULTIVARIATE MULTIVARIATE
ANALYSIS ANALYSIS ANALYSIS
ANALYSIS . . o ANALYSIS .
Vinorelbine Group Gemcitabine Group Bevacizumab Group
Pemetrexed Group (n=476) Taxane Group (n=357)

(n=357) (n=117) (n=119)

Variable Adjusted HR b Adjusted HR b Adjusted HR Y Adjusted HR b Adjusted HR b

(95% Cl)

(95% Cl)

(95% Cl)

(95% Cl)

(95% Cl)

G12C (reference) (reference) (reference) (reference) (reference)

G12A 0.39(0.13-1.20) 0.10 1.2(0.47-3.09) | 0.70 | 0.59(0.066-5.36) | 0.64 | 0.63(0.13-2.91) | 0.55 |1.12(0.13-9.53) | 0.92
G12D 0.9(0.44-1.85) 0.78 | 1.15(0.52-2.55) | 0.74 | 1.65(0.43-6.33) | 0.47 | 1.42(0.53-3.78) | 0.48 |1.57(0.39-6.31) | 0.53
3.39(1.02- 0.047

Glav 0.55(0.30-0.99) 0.049 | 0.81(0.36-1.82) | 0.61 | 0.91(0.28-2.97) | 0.88 | 2.15(1.05-4.41) | 0.036 | 11.3)
Other G12 1.05(0.39-2.86) 0.92 1.4(0.51-3.84) | 0.52 | 10.7(0.84-136.0) | 0.07 | 0.4(0.073-2.16) | 0.28 |2.86(0.20-40.6) |0.44
10) 0.36(0.032- 0.41

G13C 1.17(0.48-2.85) 0.73 | 0.31(0.038-2.53) | 0.27 ' 0.16(0.017-1.44) | 0.11 |4.02)
1.02(0.087- 0.98

G13D 0.74(0.22-2.45) 0.62 | 1.25(0.33-4.75) | 0.75 - - | 1.54(0.32-7.44) | 0.59 |[12.1)
G13V - - 2.64(0.23-30.5) | 0.44 - - | 0.99(0.95-1.03) | 0.62 |1.12(0.13-9.53)|0.92

0.24(0.11-0.51)

0.0002

0.98(0.95-1.02) | 0.31

0.99(0.93-1.05) | 0.69

1()

Female

(reference)

(reference)

(reference)

(reference)

(reference)

Male

1.03(0.99-1.07)

0.81(0.39-1.70) | 0.58

0.58(0.16-2.17) | 0.42

0.9(0.43-1.85) 0.77

0.35 (0.08- 0.16
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1.51)

No - - - (reference)

Yes - . X 3.42(1.87-6.27)

<0.001

Cl: confidence interval °NOS: not otherwise specified; *Other G12 substitutions included G12F, G12L, G12N, G12R, G12S, and G12Y KRAS amino acid

substitutions.

ATo limit the risk of a inflation, predictors associated with P <0.2 identified in the univariate analysis of the whole cohort were used in the multivariate
analysis for each subgroup analysis (i.e., pemetrexed, gemcitabine, taxane and bevacizumab groups). Bold values were used to highlight significant

variables.
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Table 3: Univariate analysis of overall survival (OS)

UNIVARIATE ANALYSIS

Variable Hazard ratio p
(95% Cl)

G12C (reference)
GLIA 1.02(0.80-1.30) 0.88
612D 0.93(0.77-1.11) 0.42
G12V 0.96(0.83-1.12) 0.62
Other G12 0.98(0.75-1.29) 0.89
G13C 1.01(0.76-1.36) 0.92
G13D 0.95(0.69-1.32) 0.77
G13V 0.55(0.18-1.72) 0.31
1(0.99-1.00) 0.74

Female (reference)
Male 0.97(0.86-1.09) 0.61
1.00 (0.94-1.08) 0.92

Non-smoker (reference)
Smoker 1.03(0.90-1.18) 0.64

Adenocarcinoma (reference)
NOS 1.02(0.76-1.37) 0.89
Squamous cell carcinoma 0.91(0.49-1.69) 0.76

Pemetrexed (reference)
Vinorelbine 0.98(0.86-1.13) 0.81
Taxane 1.03(0.88-1.20) 0.72
Gemcitabine 1.14(0.93-1.39) 0.20

No (reference)
0.89(0.69-1.15) 0.38

Yes




NOS: not otherwise specified. Other G12 substitutions included G12F, G12L, G12N, G12R, G12S, and
G12Y KRAS amino acid substitutions. Cl: confidence interval



Table 4: Univariate and multivariate analyses on the time to progression (TTP)

UNIVARIATE MULTIVARIATE MULTIVARIATE MULTIVARIATE MULTIVARIATE MULTIVARIATE
ANALYSIS ANALYSIS ANALYSIS ANALYSIS ANALYSIS ANALYSIS
Pemetrexed Group Vinorelbine Group Gemcitabine Group Taxane Group Bevacizumab Group
. Adjusted odds Adjusted odds Adjusted odds Adjusted odds Adjusted odds
Odds ratio P ratio P ratio P ratio P ratio P ratio P
(95% CI)
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Variable
KRAS mutations

Gl12C (reference) (reference) (reference) (reference) (reference) (reference)
G12A 1.04(0.82-1.33) 0.74 1.16(0.77-1.75) 0.49 1.07(0.72-1.59) 0.74 0.73(0.35-1.50) 0.39 0.86(0.43-1.72) 0.66 7.15(2.31-22.1) <0.001
<0.000
G12D 0.96(0.80-1.16) 0.70 0.87(0.63-1.21) 0.42 0.94(0.67-1.31) 0.70 1.21(0.65-2.25) 0.54 0.8(0.48-1.31) 0.37 5.63(2.62-12.1) 1
<0.000
Glav 0.9(0.77-1.05) 0.18 0.92(0.72-1.17) 0.50 0.82(0.60-1.12) 0.20 0.95(0.60-1.50) 0.82  0.96(0.68-1.35) 0.8 3.43(2.03-5.82) 1
<0.000
Other G12 0.99(0.75-1.31) 0.97 1.18(0.74-1.87) 0.48 0.75(0.48-1.18) 0.21 0.86(0.27-2.80) 0.81  1.13(0.56-2.30) 0.73 9.82(2.60-37.0) 1
G13C 1.03(0.77-1.39) 0.83 1.09(0.72-1.64) 0.70 1.06(0.59-1.88) 0.85 2.38(0.56-10.1) 0.24  0.73(0.33-1.59) 0.42 4.09(1.41-11.9) 0.01
G13D 0.98(0.71-1.37) 0.92 1.1(0.60-1.99) 0.77 1.3(0.76-2.24) 0.34 - - 0.47(0.22-1.01) 0.054 4.53(1.37-15.0) 0.014
G13V 0.64(0.20-1.98) 0.43  1.16(0.77-1.75) 0.49 0.54(0.17-1.70) 0.29 - - 0.86(0.43-1.72) 0.66 7.15(2.31-22.1) <0.001

Age at diagnosis

1.02(1.01-1.03) <0.001 1.01(0.99-1.03) 0.48 0.98(0.96-1.01) 0.15 1.06(1.01-1.11) 0.03 1(0.97-1.03) 0.8 1(0.96-1.05) 0.88

(as continuous,
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years)
Female (reference) (reference) (reference) (reference) (reference) (reference)
Male 1.34(1.19-1.51) <0.001 0.84(0.59-1.19) 0.33 1.46(0.98-2.20) 0.07 0.29(0.11-0.76) 0.012 0.85(0.47-1.54) 0.6 1.17(0.56-2.44) 0.68
Non-smoker (reference)
Smoker 0.99(0.87-1.13) 0.86
Adenocarcinoma (reference) (reference) (reference) (reference) (reference)
NOS 0.65(0.48-0.87) <0.001 0.96(0.45-2.05) 0.92 0.53(0.22-1.26) 0.15 5.95(1.50-23.6) 0.011 1.02(0.37-2.81) 0.97
Squamous cell 1.12(0.60-2.09) 0.72 0.78(0.18-3.36) 0.74 _ 5.89(1.06-32.9) 0.043
carcinoma
Pemetrexed (reference)
Vinorelbine 0.72(0.62'0.82) <0.001 _ _ _
Taxane 0.29(0.25-0.35) <0.001 ) i i
Gemcitabine 0.79(0.64-0.96) 0.02

(reference) (reference)
0.63(0.49-0.82) 0.79(0.57-1.10)  0.16
<0.001

Yes




NOS: not otherwise specified; Other substitutions G12 included G12F, G12L, G12N, G12R, G12S, and G12Y KRAS amino acid substitutions. To limit the risk of
a inflation, predictors identified in univariate analysis on the whole cohort were used in multivariate analysis for each subgroup analysis (i.e., pemetrexed,
gemcitabine, taxane and bevacizumab groups). Bold values were used to highlight significant variables. Cl: confidence interval



Figure 1

Time to progression according to chemotherapy regimens
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Figure 2

Time to progression in the Taxane group
According to bevacizumab regimen
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Supplementary Figure 1.

Overall Survival
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Supplementary Figure 2

Time to progression
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Suplementary Table 1: Univariate and multivariate analyses of response to chemotherapy according to the RECIST criteria

UNIVARIATE ANALYSIS

MULTIVARIATE ANALYSIS

(n=1090)

Variable

Hazard ratio (95% Cl)

Hazard ratio (95% Cl)

G12C (reference) (reference)
G12A 0.64(0.35-1.17) 0.15 0.68(0.37-1.25) 0.21
6120 1.19(0.80-1.77) 0.39 1.1(0.73-1.66) 0.66
G12v 1.07(0.77-1.48) 0.70 0.88(0.62-1.24) 0.46
Other G12 1.08(0.60-1.97) 0.79 1.06(0.57-1.97) 0.86
613C 0.92(0.48-1.79) 0.82 0.92(0.47-1.82) 0.82
G13D 1.15(0.57-2.33) 0.70 1(0.47-2.10) 0.99
613V 1.24(0.11-13.8) 2.53(0.22-28.5)

0.97(0.96-0.99)

<0.001

1(0.98-1.02)

Female

(reference)

(reference)

Male

0.49(0.38-0.64)

<0.001

0.5(0.34-0.74)

<0.001

Non-smoker

(reference)

Smoker

1.01(0.75-1.34)

Adenocarcinoma

(reference)

NOS

0.66(0.33-1.35)

Squamous cell carcinoma

Pemetrexed (reference) (reference)

Vinorelbine 0.66(0.47-0.91) 0.01 0.62(0.44-0.87) 0.01
Taxane 2.52(1.82-3.48) | 4401 2.2(1.56-3.10) <0.001

Gemcitabine 0.66(0.40-1.08) 0.10 0.5(0.30-0.83)

(reference)

Yes

2.91(1.72-4.92)

<0.001

Cl: confidence interval °NOS: not otherwise specified; *Other G12 substitutions included G12F,
G12L, G12N, G12R, G12S, and G12Y KRAS amino acid substitutions.
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APredictors associated with P <0.2 identified in the univariate analysis were used in the multivariate
analysis.
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Supplementary Table 2: Univariate and multivariate analyses on the time to progression (TTP)

UNIVARIATE MULTIVARIATE ANALYSIS
ANALYSIS (n=1090)
Hazard ratio b Adjusted hazard ratio b
(95% CI) (95% CI)
Variable
G12C (reference)
G12A 1.04(0.82-1.33) 0.74 0.87(0.68 - 1.11) 0.25
612D 0.96(0.80-1.16) 0.70 0.85(0.70 - 1.02) 0.08
G12V 0.9(0.77-1.05) 0.18 0.86(0.74 - 1.01) 0.07
Other G12 0.99(0.75-1.31) 0.97 0.85(0.64 - 1.12) 0.25
G13C 1.03(0.77-1.39) 0.83 0.86(0.64 - 1.16) 0.31
613D 0.98(0.71-1.37) 0.92 0.98(0.70 - 1.37) 0.9
613V 0.64(0.20-1.98) 0.44(0.14 - 1.39)
(as continuous, years) 1.02(1.01-1.03) <0.001 1.01(1.00 - 1.02)
Female (reference)
Male 1.34(1.19-1.51) <0.001  1.03(0.84-1.27)
Non-smoker (reference)
Smoker 0.99(0.87-1.13) 0.86
Adenocarcinoma (reference)
NOS 0.65(0.48-0.87) <0.001  0.92(0.62-1.38) 0.7
squamous cell carcinoma 1.12(0.60-2.09) 072  1.04(0.51-2.12)
Pemetrexed (reference)
Vinorelbine 0.72(0.62-0.82) <0.001 0.76(0.66 - 0.88) <0.001
Taxane 0.29(0.25-0.35) <0.001 0.31(0.26 - 0.38) <0.001
Gemcitabine 0.79(0.64-0.96) 0.02 0.89(0.72-1.11) 0.31
(reference)
Yes 0.63(0.49-0.82) g 01 .

Cl: confidence interval °NOS: not otherwise specified; *Other G12 substitutions included G12F,
G12L, G12N, G12R, G12S, and G12Y KRAS amino acid substitutions. *Predictors associated with P



<0.2 identified in the univariate analysis were used in the multivariate analysis. Cl: confidence
interval °NOS: not otherwise specified; *Other G12 substitutions included G12F, G12L, G12N, G12R,
G12S, and G12Y KRAS amino acid



