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ARTICLE INFO ABSTRACT

Keywords: Objectives: For patients with Epidermal Growth Factor Receptor (EGFR)-mutated non-small cell lung cancer

EGFR (NSCLCQ), frontline EGFR-tyrosine kinase inhibitor (TKI) therapy compared to chemotherapy improves outcomes.

Tyrosine kinase inhibitor However, resistance to these agents uniformly develops. Recently, mutations in the KEAPI-NFE2L2 pathway

KEAP1 have been implicated as a potential mechanism of acquired EGFR TKI resistance.

NFE2L2 Materials and methods: We examined all patients with metastatic NSCLC with mutations in both EGFR and

Non-small cell lung cancer . . i ) .
KEAP1/NFE2L2/CUL3 identified on next generation sequencing from 2015 - 2018. These patients were com-
pared to a NSCLC control cohort with mutations in EGFR and wild type in KEAP1/NFE2L2/CUL3 matched on the
basis of sex, smoking status, age and race. Time to treatment failure on EGFR TKI therapy and overall survival
were examined.
Results: Among 228 EGFR mutant NSCLCs, 17 (7%) also carried mutations in KEAP1, NFE2L2, or CUL3. The most
common co-mutation in both the KEAP1/NFE2L2/CUL3 mutant and wild-type cohort was TP53. Patients with
KEAP1/NFE2L2/CUL3 mutations had a shorter median time to treatment failure on EGFR TKI (4.7 months)
compared with the wild-type matched cohort (13.0 months), p= 0.0014. There was no difference in overall
survival.
Conclusion: For NSCLC patients with mutations in EGFR, co-mutations in KEAP1/NFE2L2/CUL3 are associated
with significantly decreased time to treatment failure. Our results suggest that these mutations represent a
mechanism of intrinsic resistance to TKI treatment.

treatment [5].
Although development of EGFR TKI resistance is virtually universal,

1. Introduction

Epidermal Growth Factor Receptor (EGFR) mutations occur in ap-
proximately 30% of cases of non-small cell lung cancer (NSCLC) and are
important drivers in the development of lung adenocarcinoma [1]. The
last few years have seen the development of several FDA approved
EGFR targeted therapies, which have significantly improved progres-
sion free survival while achieving more favorable side effect profiles
compared to chemotherapy for patients with sensitizing mutations in
EGFR [2-4]. However, despite the development of new therapies, ac-
quired resistance to EGFR tyrosine kinase inhibitors (TKIs) is inevitable
and progression usually occurs within 10-20 months of starting

the mechanisms of resistance are incompletely understood. First gen-
eration TKIs (erlotinib, gefitinib) were the standard of care for many
years and continue to be widely used despite development of second
and third generation drugs. For patients on first generation TKIs, ob-
served mechanisms of resistance include development of T790 M re-
sistance mutations in the EGFR domain in up to two-thirds, up-reg-
ulation of proteins in “bypass” pathways such as HER3, MET, IGF-1R, or
mutations in HER2 or PIK3CA [1].

Recently, the KEAP1-NFE2L2 pathway has been implicated in the
development of EGFR TKI resistance. The KEAP1-NFE2L2 pathway
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plays a key role in cellular stress response by driving expression of anti-
free radical defense genes and detoxification enzymes. When a cell is
stressed, key residues in the KEAP1 protein are oxidized, rendering it
unable to bind to the transcription factor NFE2L2 (also known as
NRF2). NFE2L2 then migrates to the nucleus and is able to transcribe its
targets, leading to expression of genes containing antioxidant response
elements (ARE) in their promoters [6]. Mutations in KEAP1 or NFE2L2
occur in approximately 20-25% of lung adenocarcinomas [7,8] and
lead to constitutive activation of NFE2L2. This results in pro-survival
signals [9], resistance to chemotherapy in KRAS mutant tumors [10],
and radioresistance [11].

Pre-clinical data suggest that the KEAP1-NFE2L2 pathway may play
an important role in EGFR-TKI resistance [12,13]. Early studies have
shown that NFE2L2 pathway is activated not only by KEAP1, but also
through the EGFR signaling pathway and mutations in the KEAP1
pathway significantly reduce sensitivity to EGFR TKIs in vitro and en-
hance tumor aggressiveness [12,14]. Therefore, we hypothesized that
patients with EGFR and KEAP1/NFE2L2 mutated NSCLC will have
shortened time to treatment failure on EGFR TKI compared with their
KEAP1/NFE2L2 wild-type (WT) counterparts.

2. Materials and methods

Stage IV NSCLC patients who had tumor specimens analyzed using
the Stanford Solid Tumor Actionable Mutation Panel (STAMP) [15] as
part of routine clinical care between 2015 and 2018, and who provided
their consent to participate in a molecular analysis study approved by
the Stanford University Institutional Review Board, were included.
STAMP was performed on tumor specimens, the timing of which was
determined by the treating clinician.

Patients were selected if they had biopsy-proven stage IV NSCLC,
sensitizing EGFR driver mutations, and were treated with an EGFR TKI.
Patients with recurrent disease after treatment for early stage disease
could not have received EGFR TKI in the adjuvant setting during their
initial treatment. Patients who were lost to follow up or who elected not
to receive treatment were excluded. Demographic information in-
cluding age at cancer diagnosis, gender, smoking history (former, cur-
rent, never smoker) and race/ethnicity were abstracted from each pa-
tient’s medical record. Date of initiation of therapy was defined as the
first day of TKI administration. Date of progression was defined as the
start of subsequent treatment or death, whichever came first. Time to
treatment failure (TTF) was calculated from the date of therapy in-
itiation to the date of progression as defined by the treating clinician.
Overall survival (OS) was calculated by subtracting the date of diag-
nosis from the date of death, also reported in months. Patients who died
before radiographic reassessment were considered to have OS events.

For the control cohort, all patients with EGFR mutations with
available next generation sequencing from 2015 to 2018 who were wild
type for KEAP1/NFE2L2/CUL3 mutations were abstracted. Patients
were matched to the KEAP1/NFE2L2/CUL3 cohort in a ratio of 1:3 on
the basis of gender, age at diagnosis, EGFR TKI, smoking history (never,
former, current) and race/ethnicity.

2.1. Sample size calculations

One thousand twenty-five patients with NSCLC had available next
generation sequencing by STAMP analysis. Approximately 40% of this
cohort has de novo metastatic or recurrent disease. Assuming an EGFR
mutation rate of 30% [16] and a KEAP1/NFE2L2 mutation rate of 15%
based off of prior literature [17], we estimated a sample size of 240
patients. The planned sample size of 240 patients would provide at least
80% power to detect a difference in TTF with a hazard ratio of = 2 and
a type I error of 5%.
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2.2. Statistical analysis

Statistical analysis was performed using Excel Version 14.7.3 and
Prism 7. The Kaplan-Meier method was used to estimate TTF and OS.
Comparison of survival curves was done using the Log-rank test.
Significance was defined as P < 0.05. Cox regression was performed
and hazard ratio (HR) with 95% CI were reported.

3. Results

We identified a cohort of 228 metastatic EGFR mutant NSCLC pa-
tients who had undergone tumor genotyping using the Stanford Solid
Tumor Actionable Mutation Panel. Of these patients, 17 (7%) had
mutations in KEAP1/NFE2L2/CUL3. Nine patients received first line
EGFR TKI with erlotinib (n = 8) or osimertinib (n = 1). Of the eight
patients who did not receive front line TKI therapies, three went on to
receive second line TKI and were included in the analysis. Out of twelve
patients, 4 had mutations in KEAP1, 7 in NFE2L2, and 1 in CUL3
(Cohort mutations in Supplemental Table 1). Cohort characteristics
included average age of 68 years old, and a predominance of females
(67%), Asians (67%) and never-smokers (83%). There was no sig-
nificant difference between the KEAP1/NFE2L2/CUL3 mutated cohort
and control cohort in regards to age, gender, smoking status, race,
histology or first line therapy (Table 1).

We next examined the most frequent co-mutations in the two co-
horts. In both the KEAP1/NFE2L2/CUL3 mutated and wildtype cohorts,
TP53 was the most common mutation (75% and 50%, respectively).
PIK3CA mutations occurred in 13% of the control cohort but did not
appear in the KEAP1/NFE2L2/CUL3 mutated cohort. Additional muta-
tions in MET, RB1, BAP1 and PTEN occurred at a frequency of 8.3%
each in the KEAP1/NFE2L2/CUL3 cohort, while PTEN and RB1 oc-
curred in the control cohort at a frequency of 5.3 and 2.6%, respectively
(Fig. 1). The most commonly observed EGFR mutations across both
cohorts were exon 19 deletion and L858R mutation in exon 21, which is
in line with other published reports [18,19].

There was a statistically significant difference in time to treatment
failure in patients with EGFR and KEAP1/NFE2L2/CUL3 mutations
treated with EGFR TKI compared to patients with EGFR mutations and
wild-type for KEAP1/NFE2L2/CUL3 (4.7 vs. 13 months), HR 2.8, 95%
CI (1.1-7.2), p = 0.0014. There was no difference in overall survival
between the two cohorts, HR 1.3 (95% CI 0.56-3.1), p = 0.48 (Fig. 2).
As TP53 was a commonly mutated gene overall we analyzed TTF and

Table 1
Patient Characteristics.
KEAP1/NFE2L2/ KEAP1/NFE2L2/CUL3 p-value
CUL3 mutant Wild-Type Control
(n=12) (n =39)
Age, mean (years) 68 64 0.33
Gender
Male 4 14 0.87
Female 8 25
Smoking status
Former 2 9 0.64
Current 0 0
Never 10 30
Race
White 4 14 0.87
Asian 8 25
Histology
Adenocarcinoma 12 39 1.0
First line therapy
Erlotinib 8 30 0.69
Afatinib 0 1
Gefitinib 0 1
Osimertinib 1 1
Chemotherapy 3 6
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Variant type Smoking Age Sex EGFR mutation type
- Missense Former . 30-50 Male Exon 19 Deletion
Nonsense Current 51-60 . Female Exon 20 Insertion
Never 61-70 L858R
71-80 L861Q
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Fig. 1. Oncoprint of EGFR-mutated patients with mutations in KEAP1/NFE2L2/CUL3 and matched KEAP1/NFE2L2/CUL3 wildtype cohort.

OS for TP53 mutant compared with TP53 wildtype and found no dif-
ference in TTF or OS between the two cohorts (Supplemental Fig. 1).

4. Discussion

We found that 7% of EGFR mutant lung adenocarcinoma patients in
our cohort also had mutations in KEAP1/NFE2L2/CUL3, which is si-
milar to the rates found in The Cancer Genome Atlas cohort [7]. Fur-
thermore, patients with EGFR mutant tumors and co-mutations in
KEAP1/NFE2L2/CUL3 had a shorter time on TKI therapy than controls.
The average TTF on TKI therapy in the KEAP1/NFE2L2/CUL3 mutated
cohort was 4.7 months, which is significantly shorter than the 12.5
months observed in the control cohort and the median progression-free
survival of 9-19 months in the seminal EGFR TKI clinical trials [3-5].
This difference in TTF on EGFR TKI therapy did not translate to dif-
ferences in overall survival, but our study was underpowered to detect
such differences.

Recently KEAP1 pathway mutations have been implicated in
leading to clinical resistance to several types of cancer therapy. In a
study by Arbour et al., lung adenocarcinoma patients with KRAS mu-
tations and co-occurring KEAP1 mutations were found to have shorter
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overall survival after initial treatment with chemotherapy [10]. Sepa-
rately, we previously showed that patients with localized NSCLC and
KEAP1/NEF2L2 mutations have a significantly elevated local failure
rate [11]. However, to our knowledge, the impact of KEAP1/NFE2L2/
CUL3 mutations on response to TKI therapy has not been extensively
examined. That said, a potential role for KEAP1 mutations as a re-
sistance mechanism to EGFR TKIs was supported by a recent study
which found acquisition of a new KEAPI deletion in one patient out of
38 patients at the time of EGFR TKI resistance [13]. Taken together
with the intrinsic resistance to EGFR TKIs suggested by the shorter TTF
of KEAP1/NFE2L2/CUL3 mutant patients in our study, these findings
support an important role of these mutations in EGFR TKI resistance.
The mechanism by which KEAP1/NFE2L2/CUL3 mutations lead to
TKI resistance in EGFR-mutant NSCLC is currently unclear. Resistance
to cytotoxic therapy in patients with KEAP1/NFE2L2/CUL3 mutations is
thought to occur via up-regulation of genes involved in free radical
defenses, thus conferring resistance to the reactive oxygen species
generated by these agents. It is possible that this mechanism is also at
least partially involved in the development of EGFR TKI resistance.
However, for patients with EGFR mutations treated with TKIs, the
mechanism of resistance may also rely on the close association between
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Fig. 2. A) Time to Treatment Failure and B) Overall survival for patients with EGFR and KEAP1/NFE2L2/CUL3 mutations compared with EGFR mutations alone.
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KEAP1 and EGFR signaling. For example, a recent study by Yamadori
et al. found that EGFR signaling activates NFE2L2 and that reduction of
KEAP1 mRNA decreased the efficacy of EGFR TKIs in an EGFR-mutant
cell line [12]. In another study, a gefitinib resistant cell line was found
to have acquired a KEAP1 mutation which mediated resistance [14]. In
a third study, Krall et al. performed a CRISPR-Cas9 gene deletion screen
and found that loss of KEAP1 promoted survival in an EGFR-mutant cell
line treated with erlotinib [20].

Limitations of our study include a relatively small sample size,
which is only powered to detect a hazard ratio of greater than or equal
to two for overall survival. Furthermore, the clinical genotyping assay
used did not include sequencing of germline DNA and therefore a subset
of the mutations we identified may have been single nucleotide poly-
morphisms. In addition, the definition of TTF we used relied on de-
termination of progression by treating clinicians and was not assessed
using validated criteria such as RECIST [21]. Finally, the retrospective
nature of our study introduces the potential of unmeasured con-
founders.

5. Conclusion

In summary, we show that mutations in the KEAP1/NFE2L2
pathway occur in approximately 7% of lung adenocarcinomas with
activating EGFR mutations at diagnosis. Patients with KEAP1/NFE2L2/
CUL3 mutations display relative intrinsic resistance to EGFR TKIs with
reduced time to treatment failure. Therefore, more aggressive upfront
therapy such as combination treatments with EGFR TKI and che-
motherapy and/or angiogenesis inhibitor may be warranted.

Conflict of interest

Dr. Das has received research funding from Celgene, United
Therapeutics, AbbVie, Verily and serves on advisory board for Bristol-
Myers Squibb and AstraZeneca.

Dr. Padda has received research funding from EpicentRx, Forty
Seven Inc, Bayer and consults for Astra Zeneca, AbbVie, Gl
Therapeutics and Janssen Phamaceuticals.

Dr. Neal has received research funding from Genentech/Roche,
Merck, Novartis, Boehringer Ingelheim, Exelixis, ARIAD/Takeda,
Nektar and has served in a consulting role for ARIAD/Takeda,
AstraZeneca, Genentech/Roche, Lilly, Exelixis. Loxo Oncology and
Jounce Therapeutics.

Dr. Diehn has received research funding from Varian Medical
Systems, has served as a consultant for Roche, AstraZeneca, and
BioNTech, and has equity in CiberMed.

Dr. Wakelee has received research funding from Astra Zeneca,
Novartis, ACEA Biosciences, Bayer, BMS, Celgene, Clovis Oncology,
Exelixis, Genentech/Roche, Gilead, Lilly, Merck, Pfizer, Pharmacyclics,
Xcovery and serves on an advisory board for AstraZeneca.

The remaining authors have no conflicts of interest to declare.

Acknowledgements
This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors. We would
like to thank the SPECTRUM Intensive Course in Clinical Research

45

Lung Cancer 134 (2019) 42-45

Team 2 for their feedback on study design and analytic plan.
Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.lungcan.2019.05.002.

References

[1] Y. Lin, X. Wang, H. Jin, EGFR-TKI resistance in NSCLC patients: mechanisms and
strategies, Am. J. Cancer Res. 4 (5) (2014) 411-435.

R. Rosell, E. Carcereny, R. Gervais, et al., Erlotinib versus standard chemotherapy as
first-line treatment for European patients with advanced EGFR mutation-positive
non-small-cell lung cancer (EURTAC): a multicentre, open-label, randomised phase
3 trial, Lancet Oncol. 13 (3) (2012) 239-246.

C. Zhou, Y.L. Wu, G. Chen, et al., Erlotinib versus chemotherapy as first-line
treatment for patients with advanced EGFR mutation-positive non-small-cell lung
cancer (OPTIMAL, CTONG-0802): a multicentre, open-label, randomised, phase 3
study, Lancet Oncol. 12 (8) (2011) 735-742.

T. Mitsudomi, S. Morita, Y. Yatabe, et al., Gefitinib versus cisplatin plus docetaxel in
patients with non-small-cell lung cancer harbouring mutations of the epidermal
growth factor receptor (WJTOG3405): an open label, randomised phase 3 trial,
Lancet Oncol. 11 (2) (2010) 121-128.

J.C. Soria, Y. Ohe, J. Vansteenkiste, et al., Osimertinib in untreated EGFR-mutated
advanced non-small-cell lung cancer, N. Engl. J. Med. 378 (2) (2018) 113-125.
K. Itoh, N. Wakabayashi, Y. Katoh, et al., Keapl represses nuclear activation of
antioxidant responsive elements by Nrf2 through binding to the amino-terminal
Neh2 domain, Genes Dev. 13 (1) (1999) 76-86.

Cancer Genome Atlas Research Network. Comprehensive molecular profiling of
lung adenocarcinoma, Nature 511 (7511) (2014) 543-550.

M. Imielinski, A.H. Berger, P.S. Hammerman, et al., Mapping the hallmarks of lung
adenocarcinoma with massively parallel sequencing, Cell 150 (6) (2012)
1107-1120.

K. Taguchi, H. Motohashi, M. Yamamoto, Molecular mechanisms of the Keap1-Nrf2
pathway in stress response and cancer evolution, Genes Cells 16 (2) (2011)
123-140.

K.C. Arbour, E. Jordan, H.R. Kim, et al., Effects of Co-occurring genomic alterations
on outcomes in patients with KRAS-mutant non-small cell lung Cancer, Clin. Cancer
Res. 24 (2) (2018) 334-340.

Y. Jeong, N.T. Hoang, A. Lovejoy, et al., Role of KEAP1/NRF2 and TP53 mutations
in lung squamous cell carcinoma development and radiation resistance, Cancer
Discov. 7 (1) (2017) 86-101.

T. Yamadori, Y. Ishii, S. Homma, et al., Molecular mechanisms for the regulation of
Nrf2-mediated cell proliferation in non-small-cell lung cancers, Oncogene 31 (45)
(2012) 4768-4777.

H.A. Yu, K. Suzawa, E. Jordan, et al., Concurrent alterations in EGFR-Mutant lung
cancers associated with resistance to EGFR kinase inhibitors and characterization of
MTOR as a mediator of resistance, Clin. Cancer Res. 24 (13) (2018) 3108-3118.
S.H. Park, J.H. Kim, E. Ko, et al., Resistance to gefitinib and cross-resistance to
irreversible EGFR-TKIs mediated by disruption of the Keapl-Nrf2 pathway in
human lung cancer cells, FASEB J. (2018) fj201800011R.

J.C. Chuang, H. Stehr, Y. Liang, et al., ERBB2-mutated metastatic non-small cell
lung Cancer: response and resistance to targeted therapies, J. Thorac. Oncol. 12 (5)
(2017) 833-842.

A. Midha, S. Dearden, R. McCormack, EGFR mutation incidence in non-small-cell
lung cancer of adenocarcinoma histology: a systematic review and global map by
ethnicity (mutMapll), Am. J. Cancer Res. 5 (9) (2015) 2892-2911.

R. Frank, M. Scheffler, S. Merkelbach-Bruse, et al., Clinical and pathological char-
acteristics of KEAP1- and NFE2L2-Mutated non-small cell lung carcinoma (NSCLC),
Clin. Cancer Res. 24 (13) (2018) 3087-3096.

Y. Sheikine, D. Rangachari, D.C. McDonald, et al., EGFR testing in advanced non-
small-Cell lung Cancer, a mini-review, Clin. Lung Cancer 17 (6) (2016) 483-492.
D.E. Gerber, L. Gandhi, D.B. Costa, Management and future directions in non-small-
cell lung cancer with known activating mutations, Am. Soc. Clin. Oncol. Educ. Book
(2014).

E.B. Krall, B. Wang, D.M. Munoz, et al., KEAP1 loss modulates sensitivity to kinase
targeted therapy in lung cancer, Elife (2017) 6.

E.A. Eisenhauer, P. Therasse, J. Bogaerts, et al., New response evaluation criteria in
solid tumours: revised RECIST guideline (version 1.1), Eur. J. Cancer 45 (2) (2009)
228-247.

[2]

[3]

[4

[5]

[6]

[71

[8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]


https://doi.org/10.1016/j.lungcan.2019.05.002
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0005
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0005
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0010
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0010
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0010
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0010
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0015
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0015
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0015
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0015
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0020
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0020
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0020
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0020
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0025
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0025
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0030
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0030
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0030
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0035
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0035
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0040
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0040
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0040
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0045
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0045
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0045
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0050
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0050
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0050
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0055
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0055
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0055
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0060
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0060
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0060
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0065
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0065
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0065
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0070
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0070
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0070
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0075
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0075
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0075
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0080
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0080
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0080
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0085
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0085
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0085
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0090
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0090
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0095
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0095
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0095
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0100
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0100
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0105
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0105
http://refhub.elsevier.com/S0169-5002(19)30443-X/sbref0105

	Impact of KEAP1/NFE2L2/CUL3 mutations on duration of response to EGFR tyrosine kinase inhibitors in EGFR mutated non-small cell lung cancer
	Introduction
	Materials and methods
	Sample size calculations
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflict of interest
	Acknowledgements
	Supplementary data
	References




