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a b s t r a c t 

Purpose: A substantial fraction of all non-small cell lung cancers(NSCLC) carry a mutation in the EGFR gene for which an effective treatment with anti-tyrosine 

kinases(TKIs) is available. We studied the long term survival of these patients following the introduction of TKIs. 

Experimental design: All consecutive cases of NSCLC newly diagnosed with advanced disease were referred for free tumor EGFR mutation testing at Clalit’s national 

personalized medicine laboratory. Mutations and deletions in target codons 18–21 of EGFR were sought using RT-PCR and fragment analysis. Comprehensive EMRs 

were used to collect full data on treatments and clinical status. 

Results: A cohort of 3,062 advanced NSCLC cases, included 481(15.7%) somatic EGFR mutation carriers (17.5% of all adenocarcinomas, 26.7% of females with 

adenocarcinomas). TKIs treatment to EGFR mutation carriers was provided to 85% of all eligible. After a median follow up period of 15.9 months for EGFR mutated 

cases the hazard ratio for overall survival of EGFR-mutated NSCLC treated with TKIs was 0.55(0.49–0.63, p < 0.0001) when compared with EGFR wild-type(WT) 

tumors under usual care. After adjusting for age, sex, ethnicity, smoking history and tumor histology, all of which had an independently significant effect on survival, 

the HR for TKI-treated, EGFR-mutated tumors, was 0.63 (0.55–0.71, p < 0.0001). Treating EGFR-WT cases with TKIs yielded a high HR = 1.32 (1.19–1.48). 

Conclusions: TKIs given to EGFR mutated advanced NSCLC demonstrated a substantial survival benefit for at least five years. Squamous histology, smoking, male 

sex and Arab ethnicity were associated with higher NSCLC mortality hazard. Treating non-EGFR-mutated NSCLC with TKIs seems detrimental. 

Statement of Significance: 
• TKIs given to EGFR mutated advanced NSCLC demonstrated a substantial survival benefit for at least five years but not much longer. 
• Treating non-EGFR-mutated NSCLC with TKIs seems detrimental and should probably be avoided. 
• Squamous histology of non-small cell lung cancer, smoking history, male sex and Arab ethnicity were associated with altogether higher NSCLC mortality hazard. 
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Lung cancer is the leading cause of cancer related death in Israel

nd world-wide [1] . Most of these cases are non-small cell lung can-

er (NSCLC). Recent advances in the treatment of this disease include

he advent of targeted agents for patients harboring a driver mutation
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 2 –7 ]. The most common targeted driver gene is the epithelial growth

actor receptor (EGFR). The prevalence of activating EGFR mutations

mong lung cancer patients ranges from 8% in eastern Europe [8] to

round 50% in eastern Asia [9] . Most EGFR mutations in NSCLC are

ither a small deletion in exon 19 or the L858R mutation in exon 21,

ausing tyrosine kinase to be overactive and mutated tumors to be sen-
ber 2020 
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itive to inhibition by targeted EGFR inhibitors. Patients with advanced

SCLC harboring such sensitizing EGFR mutations benefit from treat-

ent with 1st or 2nd generation EGFR Tyrosine Kinase Inhibitors (TKIs)

 3 , 5 , 10 –12 ] but resistance always evolves, usually after less than a year

f treatment [13] . Apart from one randomized prospective study that

emonstrated overall survival (OS) improvement for EGFR mutation

ositive patients with EGFR-TKI treatment compared to chemotherapy

only within the exon-19 deletion sub-group) [14] , all other trials failed

o show better OS. A meta-analysis of trials including these patients

lso failed to show overall survival benefit [ 15 , 16 ]with EGFR-TKI use.

owever, retrospective analyses of NSCLC demonstrates longer survival

or EGFR mutation positive patients treated with EGFR TKIs [ 17 , 18 ].

ost retrospective studies lack validated data about the actual admin-

stered treatment regimens, and suffer from various methodological

iases. 

The most common mechanism of resistance is a gate-keeper muta-

ion in the EGFR gene, T790M, present in about 50% of patients with

cquired resistance to 1st and 2nd generation EGFR-TKIs. 3rd genera-

ion TKIs have been demonstrated to be the optimal treatment in this

cenario [2] . A recent report highlights the possibility of administra-

ion of 3rd generation TKI as the first-line treatment for EGFR mutation

ositive patients [19] and demonstrated advantageous progression free

urvival (PFS) when compared to first line treatment with 1st or 2nd

eneration TKIs. Similar to most studies with EGFR-TKIs, no OS benefit

as seen. Thus, the choice of first-line treatment of EGFR mutant pa-

ients is currently based on PFS data. We report here a full unselected

ohort of advanced NSCLC patients, with and without mutations and

ith and without TKIs treatment, for their real-life data and overall sur-

ival. 

ethods 

All consecutive cases of advanced non-small-cell lung cancer

NSCLC) referred to the National Personalized Medicine Program of

lalit Health Services for molecular tissue analysis in the years 2013–

017 were included in this analysis. Clalit Health Services is the largest

ealth services provider in Israel, covering about 4.5 million people.

he Israeli National Health Law services basket enables these tests free

f charge for advanced cases and the identification of a mutation in

GFR, ALK or ROS1 is required for the approval to receive one of the

elevant proven biological treatments with TKIs. The National Labora-

ory of Clalit performed the vast majority of these molecular tests in

srael. Data were collected at time of testing regarding age at testing,

ex, smoking history, ethnicity (Jews/Arabs), histological type of tumor

Adenocarcinoma /Squamous Cell Carcinoma /other) and the exact type

f mutation in EGFR. Updated vital status was available for all cases an-

lyzed. 

reatments 

All mutation-targeted medications require approval prior to use.

reatment details (duration, generic drug name) were available from

lalit’s comprehensive EMRs. TKIs of interest for this study included: Er-

otinib (Tarceva), Gefitinib (Iressa), Afatinib (Gilotrif). Approved medi-

ations were provided free of charge. 

olecular tests 

EGFR mutation tests included recognized sensitizing mutations in

xons 18–21. Several point mutations are routinely tested for, using RT-

CR (exon 18 [codon 719], exon 20 [codon790], exon 21 [codons 858,

61]) or Sanger sequencing (exon 18 [codons 709, 719], exon 19, exon

0 [codon 790 and since 2015 also codon 797], exon 21 [codons 858,

61]). Exon 19 is also routinely studied for insertions or deletions using

ragment length analysis. These tests are sensitive enough to detect a ge-

etic modification given sufficient material for analysis. In most cases
 s  
ests were performed by two independent methods, and identified mu-

ations were always confirmed by a different molecular method. 

ALK mutations were detected in only a tiny minority of the NSCLC

ases and are not reported in this manuscript. PDL1–associated tests and

reatments were not in practice during this study’s period. EGFR muta-

ions are identified from tumor specimens from patients with NSCLC

sing DNA sequencing, RT-PCR or fragment length analysis. Briefly,

NA was extracted from paraffin-embedded tumor samples using a com-

ercially available kit, according to the manufacturer’s recommenda-

ion (QIAmp DNA mini kit, Qiagen). Genotyping of exons 18, 20, and

1 using SNP Assay-by-Design was performed by allelic discrimina-

ion using a Taqman- based SNP genotyping assay on the ABI Prism

900HT Sequence Detection System (Applied Biosystems, Foster City

A, USA). The assay was performed in a 20 𝜇l reaction volume contain-

ng 1 𝜇l genomic DNA, 0.15 𝜇l primer/probe mix, 5 𝜇l TaqMan geno-

yping master mix (Applied Biosystems), and 14 𝜇l of double distilled

ater. The thermocycling set-up includes a pre-run of 2 min at 50 °C,

ollowed by 10 min at 95 °C; then 50 cycles with 10 s at 95 °C, fol-

owed by 60 s at 60 °C. Primers and probes were generated by the Assay-

y-Design custom oligonucleotide reagent service (Applied Biosystems)

nd are available upon request. In parallel and independently, all sam-

les were sequenced for exons 18, 19, 20, and 21. Direct sequenc-

ng reactions were performed in the ABI 3130 Sequencer. Fragment

ength analysis isolates the EGFR exon 19 region (a fragment spanning

mino acids 700–800) via PCR reaction with the following FAM labeled

rimers: Forward 5 ′ - FAM -GTGCATCGCTGGTAACATCC − 3 ′ ,Reverse 5 ′

TGTGGAGATGAGCAGGGTCT – 3 ′ . PCR products were diluted 1:10 and

 𝜇l was added to a reaction solution containing 8.5 𝜇l Formamide and

.5 𝜇l GeneScanTM – 500 ROX 

TM Size Standard (Applied Biosystems).

ragment analysis was performed with the 3130xl Genetic Analyzer (Ap-

lied Biosystems). Deletions and/or insertions were clearly observed by

 change in the fragment size. 

tatistical analysis 

We compared overall survival of cases with identified sensitizing

utations in EGFR who received treatment with tyrosine-kinase in-

ibitors (TKIs) with that of cases with mutations who did not receive

reatment with TKIs, and with cases without mutations. Cox propor-

ional hazard ratios were used to compare survival of the various groups

with/without mutation, with/without TKI treatment). Overall sur-

ival was calculated as time from start of treatment for those receiv-

ng TKIs or from date of provision of genetic test results for those who

ere not treated with TKIs and until death or censored at data cutoff

21/8/2017) and Kaplan Meier curves were Drawn. Multivariate mod-

ls were employed to control for the effect of other relevant variables on

urvival. Hazard ratios and 95% confidence intervals are presented. All

nalyses were done using IBM SPSS version 24. 

esults 

3062 consecutively referred cases of advanced NSCLC were tested

uring the years 2013–2017 for EGFR in the National Personalized

edicine Laboratory of Clalit Health Services. The median follow-up

ime was 15.9 months for the EGFR mutated cases who received TKIs,

.5 months for untreated EGFR mutated cases and 5.2 months for the

ases with wild-type EGFR. 

Somatic mutations in EGFR were detected in 15.7% of our study

roup, and involved mainly deletions in exon 19 (54.2%) and the L858R

utation in exon 21 (35.2%). Table 1 describes the demographic and

linical characteristics of the cases included in this analysis. Most cases

eferred for testing (81%) were adenocarcinomas. Males predominated

mong cases with EGFR wild-type tumors (64.4%) but women were sig-

ificantly more common among cases with EGFR mutations, either with

denocarcinomas (63.0%) or squamous cell carcinomas (76.9%). Ever

moking was much more common among cases with wild-type tumors
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Table 1 

Characteristics of cases with advanced NSCLC referred for molecular analysis at Clalit’s National Personalized Medicine Laboratory. 

EGFR Wild Type ( n = 2581) EGFR With Mutation ( n = 481) 

Histology Adeno Squamous other unknown Adeno Squamous other unknown 

Number of cases 

(%) 

2045 

(79.2) 

304 

(11.8) 

186 (7.2) 46 

(1.8) 

433 

(90.0) 

13 

(2.7) 

33 

(6.9) 

2 

(0.4) 

Age at test 

(mean + sd) 

69.1 (11.01) 72.0 

(9.73) 

68.3 

(10.90) 

75.2 

(9.98) 

71.3 

(11.70) 

76.2 (9.63) 70.4 

(12.74) 

77.5 

(10.61) 

Sex 

Males (%) 1296 (63.4) 221 

(72.7) 

117 (62.9) 29 

(63.0) 

160 (37.0) 3 (23.1) 10 

(30.3) 

1 

(50.0) 

Females (%) 749 (36.6) 83 

(27.3) 

69 (37.1) 17 (37.0) 273 (63.0) 10 (76.9) 23 (69.7) 1 

(50.0) 

Ethnicity 

Jews (%) 87.7 83.9 90.3 97.8 91.0 92.3 97.0 100.0 

Non-Jews 12.3 16.1 9.7 2.2 9.0 7.7 3.0 0.0 

Smoking 

Ever (%) 75.9 88.2 83.8 82.6 40.2 38.5 57.6 50.0 

% TKI treated 19.2 7.6 26.9 0.0 84.8 76.9 84.8 0.0 

Fig. 1. Survival of cases of NSCLC, by EGFR 

status and TKI-treatment status, Clalit Health 

Services. 
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82%), compared to cases with EGFR mutations (38.5%). Treatment

ith TKIs was administered to 85% of EGFR mutant adenocarcinoma

ases and 77% of EGFR mutant squamous cell carcinoma cases and also

o almost 20% of adenocarcinoma cases who tested negative to EGFR.

he vast majority (85%) of EGFR mutation carriers received TKI treat-

ent within one month from the genetic testing, while the median time

o treatment for the EGFR wild type patients was 7 months, with 75% of

hem receiving treatment more than 3 months after negative mutation

esting result. 

Lung cancer cases with somatic EGFR mutations who received treat-

ent with TKIs had a clinically meaningful and statistically significant

verall survival benefit (HR = 0.59, 95% C.I. 0.52–0.66, p < 0.0001) com-

ared to cases with no somatic mutations in EGFR who received usual

are chemotherapy, an effect that lasted for some 6 years and was sig-

ificant throughout the follow-up period. At a 2-year follow-up point,

he survival of TKI treated cases with EGFR mutation was 42% while

hat of EGFR wildtype with no TKI treatment was only 19% ( Fig. 1 ). 
While TKI-treated cases with EGFR mutated tumors showed signif-

cantly improved survival, the small group ( n = 71) of cases with mu-

ated EGFR who did not receive TKI treatment showed lower survival

ates which were similar to that of the cases with EGFR-WT tumors,

R = 1.00 (0.77–1.30, n.s.). Cases with EGFR-WT tumors who did re-

eive treatment with TKIs ( n = 466) had a high hazard ratio from start

f treatment to death compared to WT patients who did not receive

KIs (HR = 1.22, 1.09–1.35, P < 0.0001). This group tended to start their

KI treatment several months after the negative molecular test result.

urvival of NSCLC patients demonstrated an influence of demographic,

ehavioral and clinical parameters with worse survival of males, Arabs,

mokers and those with squamous cell histology ( Table 2 ). Among mu-

ation positive patients treated with TKIs, men who smoked had a sig-

ificantly worse outcome compared to male or female non-smokers. 

In a multivariate cox proportional hazards model which included the

tatistically significant confounders age (HR = 1.01/year), sex (HR = 1.30

or males), ethnicity (HR = 0.87 for Jews), smoking history (HR = 1.12
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Table 2 

Univariate effects (Hazard ratio) of treatment with TKIs by EGFR-mutation, smoking, ethnicity and histology status in cases with 

advanced NSCLC. 

HR 95% CI - 95% CI + P 

EGFR Wild-Type (WT) - no treatment with TKIs 1.00 

EGFR WT - with treatment with TKIs 1.22 1.093 1.351 < 0.0001 

EGFR mutated - no treatment with TKIs 1.00 0.771 1.297 

EGFR mutated - with treatment with TKIs 0.55 0.489 0.626 < 0.0001 

Smoking 

EGFR mutated with TKIs - non-smoking females 1.00 

EGFR mutated with TKIs - non-smoking males 0.99 0.703 1.403 .969 

EGFR mutated with TKIs - smoking females 1.02 0.745 1.397 .902 

EGFR mutated with TKIs - smoking males 1.42 1.063 1.897 .018 

Ethnicity 

EGFR mutated with TKIs – Jewish smoking males 1.00 

EGFR mutated with TKIs – Arab smoking males 1.49 0.762 2.927 .243 

Histology 

EGFR mutated with TKIs - adenocarcinoma 1.00 

EGFR mutated with TKIs - squamous cell carcinoma 1.76 0.903 3.419 .097 

Table 3 

Multivariate cox proportional hazards model of TKIs treatment effect by EGFR mutation status in NSCLC cases. 

HR 95% CI - 95% CI + P 

EGFR Wild-Type (WT) without TKIs treatment 1.00 

EGFR mutated with TKIs treatment 0.63 0.549 0.712 < 0.0001 

EGFR mutated without TKIs treatment 1.07 0.813 1.418 0.62 

EGFR WT with TKIs treatment 1.32 1.189 1.475 < 0.0001 

Age (per year) 1.01 1.007 1.014 < 0.0001 

Sex (males vs. females) 1.30 1.190 1.422 < 0.0001 

Ethnicity (Jews vs. Arabs) 0.87 0.765 0.981 0.024 

Smoking (ever vs. never) 1.12 1.015 1.240 0.024 

Histology (adenocarcinoma) 

vs. squamous 1.14 1.003 1.304 0.045 

vs. other 1.18 1.022 1.372 0.024 

Table 4 

Mutation specific HR of advanced NSCLC treated with TKIs diagnosed at Clalit’s National Personalized Medicine Laboratory. 

HR 95%CI - 95%CI + P 

EGFR WT - with no TKIs treatment 1.00 

EGFR mutation ex. 19Del with TKIs ( n = 220) 0.50 0.420 0.585 < 0.0001 

EGFR mutation L858R with TKIs ( n = 142) 0.61 0.502 0.783 < 0.0001 

EGFR mutation G719X with TKIs ( n = 17) 0.70 0.410 1.176 0.175 

EGFR mutation L861Q with TKIs ( n = 16) 0.63 0.354 1.103 0.105 

EGFR mutation E709Q with TKIs ( n = 7) 0.87 0.388 1.928 0.723 

EGFR mutation T790M 

∗ with TKIs ( n = 2) 0.70 0.174 2.794 0.611 

∗ Refers to mutation status at baseline and not at progression on TKIs. 
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or ever smoking) and tumor histology (HR = 1.14 for squamous cell), the

verall survival advantage of TKI-treated cases with EGFR mutated tu-

ors stayed statistically significant and clinically meaningful ( HR = 0.63,

.55–0.71, p < 0.0001) ( Table 3 ). 

A similar direction of survival advantage of EGFR-mutated lung can-

er cases was seen for all reported EGFR mutations. Statistically sig-

ificant survival benefit was demonstrated for the two common genetic

lterations – exon 19 deletions (HR = 0.50, 0.42–0.59, p < 0.0001) and the

858R mutation in exon 21 (HR = 0.61, 0.50–0.78, p < 0.0001) ( Table 4 ).

ther types of EGFR mutations were relatively rare, with small sample

izes and statistical significance was not reached. 

iscussion 

This report provides real life data on the long term survival bene-

t of TKI treatment for advanced NSCLC patients with sensitizing EGFR

utations. Our data reiterates the significant and meaningful advantage
rovided by targeted agents for EGFR-mutated NSCLC, demonstrated in

andomized controlled trials [ 3 –5 , 10 ], or in other reports of small num-

er of cases [12] or a series of cases with brain metastases in China [11] .

t further provides insight into the significant differences in the effect of

KIs by age, ethnicity, gender, smoking and histology, identifying Jew-

sh, non-smoking women with adenocarcinoma as the subgroup with

he highest benefit. 

Recent studies focusing on G-CSFR using global proteomics and phos-

hoproteomics experiments have found activation of unique kinases

ownstream of mutated G-CSFR and then showed the significance of

KI against leukemia [ 20 –23 ]. Similarly, EGFR mutated lung cancer

ells had been shown to harbor activated kinases downstream of EGFR

 24 , 25 ]. 

The lack of effect, or even possibly an adverse effect, of TKIs on sur-

ival of NSCLC cases with wild-type EGFR is in apparent contrast to

he previously reported benefit of erlotinib as 2nd or 3rd line treatment

or advanced NSCLC in comparison to placebo, as seen in the BR.21
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tudy [26] and further emphasizes the need to follow the rationale for

his biologically tailored treatment. Although several reports demon-

trate equivalence of EGFR TKIs to chemotherapy, more recent stud-

es focusing on wild type EGFR patients demonstrate the superiority of

hemotherapy over TKI [27] . Our report is the first to our knowledge to

emonstrate the lack of efficacy of EGFR TKIs for wild type patients in

eal world data. 

While the disease free survival benefit of treating advanced EGFR-

utated NSCLC with TKIs has repeatedly been proven, long-term follow-

p studies of the relatively recently introduced TKI-treatments, includ-

ng evaluation of overall survival have naturally been sparse [ 28 –32 ]

he Israeli health system in general and the Clalit HMO specifically are

deal for real world data analysis. The national health insurance cover-

ng the entire population, the wide population coverage of Clalit health

ervices, and the utilization of the Israeli unique identification number

o allow near complete follow up data provide high validity to our re-

ults. All reported testing was performed in a single central lab, also con-

ributing to a high level of validity. Importantly, individual patient-level

linical data from the centralized and standardized EMR of Clalit were

vailable regarding treatment, tumor histology, demography (race, gen-

er, age) and smoking history. Our follow-up of up to 8 years provides

 look into the experience of a full cohort, diagnosed and treated under

imilar conditions and with as near to complete as possible clinical and

urvival data. 

Our data are in line with former reports of an increased propor-

ion of EGFR mutations in lung tumors in females, in non- smokers

nd in adenocarcinomas [ 33 –37 ]. This manuscript adds to current evi-

ence [ 30 , 35 ] that treatment with TKIs in these sub-groups, with high

utation rates, actually led to a significantly better overall survival in

 model which included all studied confounders. Former studies have

hown disease free survival advantage, irrespective of EGFR status, for

on-smokers and females [ 38 –42 ]. We demonstrate that being a male

moker, as well as being treated for non-adenocarcinoma NSCLC is as-

ociated with lower survival under TKIs treatment, compared to non-

mokers, whether females or males, with adenocarcinomas. 

In addition, we found Israeli Arabs to have a worse outcome among

he EGFR mutation carriers treated with TKIs. These data of suggested

thnicity-dependent outcome could have major implications for the

ealth system. 

Our results could be flawed if either the EGFR mutation analysis

r the clinical data were wrong. The National molecular laboratory of

lalit has performed thousands of EGFR tests with an overall mutation

ate of 17% which is in line with the expected mutation rate in a Cau-

asian population [33] . Furthermore, as formerly stated, we have found

he expected histology, gender and smoking related differences in mu-

ation rate. Since all treatments with TKIs had to be centrally approved

y Clalit’s gate-keeping personnel, and all treatments provided were en-

ered into a central pharmacy database, it is unlikely that treatments

ere either missed or overstated. The demonstrated large survival ben-

fit seen among TKIs users harboring EGFR mutations is in line with for-

er experimental data and further supports the validity of both molec-

lar and clinical data elements. 

In our long-term full follow-up of an historical prospective cohort,

reatment of patients with EGFR-mutated NSCLCs with TKIs led to a

tatistically significant and clinically meaningful survival benefit which

asted for at least five years and had a differential effect depending on

he demographic, behavioral and clinical characteristics of the cases.

he cohort described in this manuscript can serve as a benchmark for

eal-world data of EGFR mutation positive NSCLC patients and efficacy

f EGFR TKI treatment. 
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