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Abstract
Background and Objectives Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) are standard-of-care 
first-line (1L) treatment for EGFR mutation-positive advanced/metastatic non-small cell lung cancer. In 2015, osimertinib, 
a third-generation EGFR-TKI, received US accelerated approval for second-line (2L) EGFR T790M-positive non-small cell 
lung cancer treatment. The objective of this US study was to characterize treatment patterns, attrition, and survival in EGFR 
mutation-positive non-small cell lung cancer, after 1L first-/second-generation EGFR-TKI treatment.
Methods We retrospectively analyzed 1029 patients diagnosed with stage IIIB/IV non-small cell lung cancer from  
1 January, 2011 to 31 December, 2018 using the US electronic medical record CancerLinQ  Discovery® database. Demo-
graphic/disease characteristics, EGFR mutations, treatments, and death dates were collected.
Results From 1 January, 2011 to 31 December, 2014 (< 2015 cohort), 519 patients received 1L EGFR-TKIs and 510 between 
1 January, 2015 and 31 December, 2018 (≥ 2015 cohort). Median follow-up from advanced diagnosis was 19.8 months 
(interquartile range: 9.9–33.4 months). Twenty-eight percent of patients (288/1029) died without receiving 2L, and 52% 
(539/1029) initiated 2L with 35% (186/539) receiving osimertinib; in the < 2015 and ≥ 2015 cohorts, the same proportion 
initiated 2L (52%; 272/519 vs 267/510, respectively). Median overall survival from advanced diagnosis for patients initially 
diagnosed with stage I–IIIA disease was 43.3 months (95% confidence interval 30.9–73.7), vs 26.4 months (95% confidence 
interval 24.4–28.1) for stage IIIB–IV; all-cause mortality hazard ratio: 1.56 (95% confidence interval 1.2–2.0; p = 0.001).
Conclusions We identified disease stage, performance status, and central nervous system metastasis as survival predictors, 
highlighting the importance of optimal 1L treatment selection. Over a quarter of patients died before initiating 2L; half 
progressed after 1L and received 2L, of whom a third received 2L osimertinib.

 * Jorge Nieva 
 jorge.nieva@med.usc.edu

1 Department of Medicine, University of Southern California, 
Norris Comprehensive Cancer Center, Los Angeles, CA, 
USA

2 Department of Medicine, Cedars Sinai Medical Center, 
Los Angeles, CA, USA

3 Global Epidemiology, Oncology Business Unit, Global 
Medical Affairs, AstraZeneca, Cambridge, UK

4 Real World Science and Digital, AstraZeneca, Cambridge, 
UK

5 Present Address: CancerLinQ LLC, American Society 
of Clinical Oncology, Alexandria, VA, USA

http://orcid.org/0000-0003-1605-4719
http://crossmark.crossref.org/dialog/?doi=10.1007/s40801-022-00302-w&domain=pdf


334 J. Nieva et al.

Key Points 

This retrospective real-world US study aimed to char-
acterize treatment patterns, attrition, and survival in 
patients with EGFR mutation-positive advanced non-
small cell lung cancer, after receiving first-line treatment 
with first-generation or second-generation epidermal 
growth factor receptor-tyrosine kinase inhibitors.

Between 2011 and 2018, 28% of all patients who 
received first-/second-generation epidermal growth 
factor receptor-tyrosine kinase inhibitors in the first line 
died before receiving second-line treatment and 52% of 
patients initiated second-line treatment; of the patients 
who received second line, 35% received second-line 
osimertinib.

Disease stage at initial diagnosis, performance status, 
and central nervous system metastasis were identified 
as predictors of survival, highlighting the importance of 
optimal first-line treatment selection.

1 Introduction

In 2021, it is estimated that there were 235,760 new lung 
cancer cases in the US [1]. Yearly decreases in lung cancer 
mortality rates have been attributed to reductions in smok-
ing, early diagnosis, and improvements in treatment; how-
ever, overall survival (OS) remains poor, mainly owing to 
the late stage of disease at identification. Annual percent 
change in incidence from 2007 to 2017 is − 2.1% and 50.8% 
of cases are diagnosed at the metastatic stage [1–3]. Non-
small cell lung cancer (NSCLC) accounts for approximately 
80–90% of all lung cancers, and sensitizing mutations in epi-
dermal growth factor receptor (EGFR) are found in approxi-
mately 24% of US patients with NSCLC [4, 5]. The most 
commonly reported EGFR mutations are deletions in exon 
19 (ex19del) and a point mutation in exon 21 (L858R) [6].

Prior to April 2018, US guidelines recommended 
that patients with EGFR mutation-positive (EGFRm) 
advanced NSCLC initiate treatment with the EGFR-tyros-
ine kinase inhibitors (EGFR-TKIs) erlotinib or gefitinib  
(first-generation), or afatinib (second-generation) as  
first-line (1L) therapy [7]. However, most tumors will 
acquire resistance to EGFR-TKIs, with the EGFR T790M 
resistance mutation occurring in ~ 50% of patients [8]. In 
patients whose tumors progress and acquire the EGFR 
T790M mutation, treatment with osimertinib is recom-
mended in the second-line (2L) setting [7].

Osimertinib is a third-generation, irreversible, oral EGFR-
TKI that potently and selectively inhibits both EGFR-TKI 
sensitizing and EGFR T790M resistance mutations, and has 
demonstrated efficacy in NSCLC central nervous system 
(CNS) metastases [9–14]. In November 2015, the US Food 
and Drug Administration granted accelerated approval of 
osimertinib for the 2L treatment of patients who had previ-
ously received first-generation or second-generation EGFR-
TKIs, with full market approval granted in 2017 on the basis 
of the phase III AURA3 study. In AURA3, median progres-
sion-free survival was significantly longer with 2L osimer-
tinib vs platinum-pemetrexed chemotherapy (10.1 months 
vs. 4.4 months; hazard ratio [HR]: 0.30; 95% confidence 
interval [CI] 0.23–0.41; p < 0.001) in patients with T790M-
positive NSCLC [14]. Subsequently, in April 2018, the Food 
and Drug Administration approved osimertinib for the 1L 
treatment of patients with EGFR ex19del/L858R-positive 
metastatic NSCLC [15]. As not all patients with EGFRm 
NSCLC receive 2L treatment following 1L first-generation 
or second-generation EGFR-TKIs, it is important to optimize 
1L treatment [16–20].

Real-world evidence on the use of EGFR-TKIs in patients 
with EGFRm NSCLC is important in order to understand 
treatment and sequencing patterns, and survival outside the 
setting of clinical studies, to optimize treatment strategies 
in clinical practice [19, 21]. This retrospective real-world 
US study using data from electronic health records (EHRs) 
was designed to investigate temporal trends in treatment pat-
terns from the time of diagnosis to 1L EGFR-TKI treatment 
and subsequent treatments, including duration of 1L and 2L 
treatment, to better understand patient attrition. The impact 
of clinical features on outcomes, including OS, in clinical 
practice was also an objective. The CancerLinQ  Discovery® 
(CLQD) database includes demographically diverse, lon-
gitudinal EHR data from medical oncology organizations; 
treatment, sequencing, attrition, and survival data were col-
lected for patients with EGFRm advanced NSCLC treated 
with 1L first-generation or second-generation EGFR-TKIs.

2  Methods

2.1  Study Design and Data Source

Data were obtained from 47 participating US oncology 
organizations including academic sites, integrated healthcare 
systems, and independent private practices. The de-identified 
patient-level data were obtained from EHRs or underlying 
data warehouses as structured data, and augmented through 
technology-assisted human abstraction of unstructured notes 
and scanned documents (e.g., curated data), including diag-
nosis, anatomic pathology, imaging, surgery, medications, 
radiotherapy, and molecular pathology [22]. Patients were 
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followed up from the date of the advanced NSCLC diagnosis 
(index date; 1 January, 2011 to 31 December, 2018) until the 
date of death, or the last available clinical activity record by 
the data cut-off (31 December, 2019), whichever came first.

2.2  Study Population

Adult patients (≥ 18 years of age at index) with diagnosed 
EGFRm advanced (stage IIIB/IV) NSCLC that started 
1L first-generation or second-generation EGFR-TKIs for 
advanced disease were included. The EGFR mutational 
status was confirmed using clinician notes and/or labora-
tory testing reports. Staging was derived from four sources: 
stage group variable in the CLQD database; tumor, node 
and metastases-derived stage group; metastatic diagnosis or 
tumor imaging; and radiotherapy of the brain (Stage IV).  
Central nervous system metastases were ascertained in 
two ways: through International Classification of Diseases 
codes 9/10, and evidence from EHRs, including imag-
ing reports and clinician notes in the same way that stag-
ing was derived. Eligible patients had to have received at 
least one first-generation or second-generation EGFR-TKI 
(specifically erlotinib, gefitinib, or afatinib or combinations 
of these therapies) as a 1L treatment. First line was defined 
as initiation of EGFR-TKI with no previous systemic treat-
ment; subsequent systemic anti-cancer treatment was con-
sidered 2L. Patients were also required to have at least two 
documented clinical activity dates (e.g., visit date, start of 
therapy date, lab test date, vital assessment date, any diagno-
ses date) on or after diagnosis. Patient data were divided into 
two calendar cohorts: those who started 1L treatment from  
1 January, 2011 to 31 December, 2014 (before osimertinib 
accelerated approval date, referred to as the < 2015 cohort) 
vs 1 January, 2015 to 31 December, 2018 (referred to as the 
≥ 2015 cohort).

2.3  Standard Protocol Approvals, Registration, 
and Patient Consents

Institutional review board approval was not sought as the 
CLQD database is a secondary source of data, consisting 
only of collected de-identified data; no patient-identifiable 
information was included in the analytical dataset. Patient 
consent was not required for this retrospective study as per-
sonal health information was not needed.

2.4  Objectives and Endpoints

The following treatment patterns were assessed: 1L EGFR-
TKI treatment and subsequent treatments for EGFRm 
advanced NSCLC, time between diagnosis and 1L treat-
ment, and duration of 1L and 2L treatment. Most baseline 
(pre-EGFR-TKI treatment) patient demographic and clinical 

characteristics were collected at the index date; sites of 
metastases were collected at any time prior to the index 
date. Overall survival was defined as the duration between 
the index date and the date of the last follow-up by data cut-
off or death, whichever occurred first. Patient vital status 
was determined using structured and/or curated EHR data, 
as well as via a third-party commercial database (obituary-
data.com). The relationship between OS and the following 
baseline characteristics was examined: Eastern Cooperative 
Oncology Group (ECOG) performance status at the index 
date, disease stage at initial diagnosis, EGFR mutation sta-
tus, and by calendar cohort (< 2015 vs ≥ 2015).

2.5  Statistical Methods

Baseline characteristics and distribution of treatment pat-
terns were summarized using descriptive statistics; mean 
(standard deviation) and median values (interquartile range 
[IQR]) for continuous data, and relative frequencies and pro-
portions for categorical data. Overall survival was estimated 
by the Kaplan–Meier method and stratified by age at index, 
presence of CNS metastases, ECOG performance score at 
index, and EGFR mutation status. Following an assessment 
of proportional hazards assumption (through examining the 
model fit in Schoenfeld residual plots [23]), multivariate Cox 
proportional hazards models were used to analyze OS from 
the index date, adjusted for baseline characteristics; adjusted 
HRs are presented with 95% CIs. No formal assessment of 
confounding or missing data was planned and missing val-
ues were treated as a separate category in the multivariable 
analyses.

3  Results

3.1  Patients

Of the 71,726 patients with lung cancer who had curated 
data identified in the CLQD database, 1912 had a record of 
EGFRm NSCLC. Within this group of 1912 patients, 1029 
initiated 1L first-generation or second-generation EGFR-
TKIs from 2011 and were identified for this study (Fig. 1). 
The median duration of follow-up from the index date to the 
last medical record by data cut-off/death was 19.8 months 
(IQR 9.9–33.4).

The median age at initial NSCLC diagnosis was  
65 years (IQR 57–75) and at the index date was 66 years 
(IQR 57–76); of 1029 eligible patients, 69% (n = 707/1029) 
of patients were female and 34% (n = 346/1029) were for-
mer or current smokers (Table 1). At initial diagnosis, 80% 
(n = 821/1029) of patients had late-stage disease (IIIB–IV) 
and 90% (n = 921/1029) had adenocarcinoma; CNS metas-
tases were present in 32% (n = 325/1029) of patients at 
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baseline and in 47% (n = 480/1029) of patients at any 
time during the study period. Ex19del was confirmed in 
32% of patients (n = 334/1029), L858R deletion was con-
firmed in 12% (n = 120/1029), and EGFR mutation type 

was unknown in 54% (n = 553/1029); the remaining 2% of 
patients (n = 22/1029) had other EGFR mutations, includ-
ing T790M, L861Q, S768I, Exon 20 Insertion, or G719X.

Fig. 1  Summary of patient 
selection. 1L first-line, CLQD 
CancerLinQ  Discovery®, 
EGFR epidermal growth factor 
receptor, EGFRm epidermal 
growth factor mutation-positive, 
EGFR-TKI epidermal growth 
factor receptor-tyrosine kinase 
inhibitor, NSCLC non-small cell 
lung cancer, SCLC small cell 
lung cancer

Patients with curated data in the CLQD database, with a diagnosis of lung cancer between
January 1, 2011 and December 31, 2018

N=71,726

Patients with a diagnosis of advanced NSCLC (index date) between
January 1, 2011 and December 31, 2018

n=25,054

Full study cohort
Patients that received 1L first- or second-generation EGFR-TKI

n=1,029

<2015 cohort
n=519

≥2015 cohort
n=510

Patients diagnosed with stage IIIB / IV or metastatic disease
n=41,194

Patients diagnosed with NSCLC
n=34,454

Patients tested for EGFR mutations
n=10,196

Patients with EGFRm NSCLC
n=1,912
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Table 1  Patient demographics and clinical characteristics

1 January, 2011 to  
31 December, 2014 
cohort (n = 519)

1 January, 2015 to  
31 December, 2018 
cohort (n = 510)

All patients (N = 1029)

Sex, n (%)
 Male 155 (30) 167 (33) 322 (31)
 Female 364 (70) 343 (67) 707 (69)

Age at initial diagnosis, years, median (IQR) 64 (56–74) 67 (58–76) 65 (57–75)
Age at index, years, median (IQR) 64 (56–74) 67 (59–77) 66 (57–76)
Race, n (%)
 White 318 (61) 293 (56) 611 (59)
 Asian 64 (12) 94 (18) 158 (15)
 Black/African American 63 (12) 49 (10) 112 (11)
  Othera 46 (9) 42 (8) 88 (9)
 Unknown/not documented 28 (5) 32 (6) 60 (6)

Smoking status, n (%)b

 Current/former 168 (32) 178 (35) 346 (34)
 Never 334 (64) 327 (64) 661 (64)
 Unknown/not documented 17 (3) 5 (1) 22 (2)

Disease stage at initial diagnosis, n (%)
 Stage I 23 (4) 29 (6) 52 (5)
 Stage II 11 (2) 12 (2) 23 (2)
 Stage III 20 (4) 33 (7) 53 (5)
 Stage IIIB 11 (2) 13 (3) 24 (2)
 Stage IV 412 (79) 385 (76) 797 (78)
 Missing data 42 (8) 38 (8) 80 (8)

Histology at initial diagnosis, n (%)
 Adenocarcinoma 460 (89) 461 (90) 921 (90)
 Large cell carcinoma 2 (< 1) 4 (1) 6 (1)
 Other non-small cell carcinoma 37 (7) 28 (5) 65 (6)
 Other types 0 1 (< 1) 1 (< 1)
 Squamous cell 6 (1) 5 (1) 11 (1)
 Missing data 14 (3) 11 (2) 25 (2)

CNS metastases, n (%)
 CNS metastases at baseline 168 (32) 157 (31) 325 (32)
 CNS developed  laterc 70 (13) 85 (17) 155 (15)
 No CNS metastases reported 281 (54) 268 (53) 549 (53)

EGFR mutation, n (%)d

 Ex19del positive 180 (35) 154 (30) 334 (32)
 L858R positive 56 (11) 64 (13) 120 (12)
 Other 8 (2) 14 (3) 22 (2)
 Unknown 275 (53) 278 (55) 553 (54)

EGFR T790M status, n (%)d

 Positive 28 (5) 29 (6) 57 (6)
 Negative 11 (2) 42 (8) 53 (5)
 Unknown/indeterminate 1 (< 1) 3 (1) 4 (< 1)
 Missing data 479 (92) 436 (85) 915 (89)

ECOG performance status at initial diagnosis, n (%)
 0/1 141 (27) 196 (38) 337 (33)
 ≥ 2 34 (7) 32 (6) 66 (6)
 Missing data 344 (66) 282 (55) 626 (61)
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3.2  Treatment Patterns and Attrition

3.2.1  First‑Line Treatment

Overall, 1L EGFR-TKI treatment was initiated by 519 
patients from 1 January, 2011 to 31 December, 2014 
(< 2015 cohort) and by 510 patients from 1 January, 2015 

to 31 December, 2018 (≥ 2015 cohort). Treatment patterns 
are summarized in Table 2.

The median time between the index date and start of 
1L treatment was 0.9 months (IQR 0.4–1.6), and median 
1L treatment duration was 11.0 months (IQR 4.6–19.4). 
The most frequently prescribed 1L EGFR-TKI was erlo-
tinib (77%, n = 791/1029), followed by afatinib (13%, 

Table 1  (continued)

1 January, 2011 to  
31 December, 2014 
cohort (n = 519)

1 January, 2015 to  
31 December, 2018 
cohort (n = 510)

All patients (N = 1029)

ECOG performance status at index, n (%)
 0/1 163 (31) 218 (43) 381 (37)
 ≥ 2 34 (7) 43 (8) 77 (7)
 Missing data 322 (62) 249 (49) 571 (55)

ECOG European Cooperative Oncology Group, Ex19del exon 19 deletion, IQR interquartile range
a American Indian or Alaska Native are included in the other races group
b Closest to index date
c After index or with unknown date
d From the first successful EGFR test, which can be before or after index

Table 2  Summary of treatment lines with treatment durations

1L first line, 2L second line, EGFR-TKI epidermal growth factor receptor-tyrosine kinase inhibitor, IQR interquartile range, VEGF vascular 
endothelial growth factor
a First and last date of treatment or death, whichever occurred first
b Percentages calculated against cohort totals
c Percentages calculated against the total number of patients who received any 2L treatment

1 January, 2011 to  
31 December, 2014 
cohort (n = 519)

1 January, 2015 to  
31 December, 2018 
cohort (n = 510)

All patients (N = 1029)

Time from index to start of 1L treatment, months, 
median (IQR)

1.0 (0.5, 2.0) 0.8 (0.2, 1.3) 0.9 (0.4, 1.6)

1L EGFR-TKI  treatmenta, months, median (IQR) 11.2 (4.8–22.1) 10.6 (4.3–17.7) 11.0 (4.6–19.4)
1L treatment received, n (%)b

 Erlotinib 444 (86) 347 (68) 791 (77)
 Afatinib 34 (7) 99 (19) 133 (13)
 Gefitinib 1 (< 1) 14 (3) 15 (1)
 Other EGFR-TKI-based therapy 40 (8) 50 (10) 90 (9)

2L treatment
 2L  treatmenta, months, median (IQR) 6.1 (3.1–11.2) 6.4 (3.3–11.7) 6.2 (3.2–11.5)
 Received any 2L treatment, n (%) 272 (52) 267 (52) 539 (52)

2L treatment received, n (%)c

 Osimertinib (third-generation EGFR-TKI) 38 (14) 148 (55) 186 (35)
 Platinum-based chemotherapy 66 (24) 35 (13) 101 (19)
 First-/second-generation EGFR-TKI 69 (25) 26 (10) 95 (18)
 Anti-VEGF-based therapy 49 (18) 15 (6) 64 (12)
 PD-1/PD-L1-based therapy 13 (5) 34 (13) 47 (9)
 Other chemotherapy 25 (9) 5 (2) 30 (6)
 Other therapy 12 (4) 4 (2) 16 (3)
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n = 133/1029), other EGFR-TKI-based treatment (9%, 
n = 90/1029) and gefitinib (1%, n = 15/1029). Twenty per-
cent of patients (n = 202/1029) were continuing to receive 
their 1L first-generation or second-generation EGFR-TKI at 
the data cut-off.

3.2.2  Second‑Line and Later Lines of Treatment

In total, 827 patients discontinued 1L treatment, and of 
these patients, 65% (n = 539/827) initiated 2L treatment; 
patient disposition by 1L progression is summarized in 
Fig. 2. The median duration of 2L treatment was 6.2 months 
(IQR 3.2–11.5) (Table  2). The same proportion of the 
≥ 2015 cohort (52%; n = 267/510) received any 2L treat-
ment compared with the < 2015 cohort (52%; n = 272/519) 
(Table 2). Overall, osimertinib was the most frequent 2L 
treatment (35%; n = 186/539). First-generation and second-
generation EGFR-TKIs were the most common 2L treat-
ments < 2015 (25%; n = 69/272), while osimertinib was 
the most common ≥ 2015 (55%; n = 148/267). Only 10% 
of patients (n = 26/267) receiving 2L treatment ≥ 2015 

initiated first-generation or second-generation EGFR-TKIs. 
Other ≥ 2015 treatments included: platinum-based chemo-
therapy (13%; n = 35/267), anti-PD-1/PD-L1-based therapy 
(13%; n = 34/267), anti-vascular endothelial growth factor-
based therapy (6%; n = 15/267), other chemotherapy (2%; 
n = 5/267), and other therapy (1%; n = 4/267).

Overall, 25% of patients (n = 258/1029) initiated third-
line treatment; anti-PD-1/PD-L1-based therapies were the 
most common third-line treatments (26%; n = 66/258). Of 
the total study population, 12% of patients (n = 125/1029) 
initiated fourth-line or later-line treatment. In all treatment 
lines after 1L, osimertinib was received by 45% of patients 
(n = 244/539), equating to 24% of the entire study population 
(n = 244/1029).

3.2.3  T790M Testing

Because of the limitations of using EHRs and retrospec-
tive data collection, only 12% of patients (n = 123/1029) 
had available EGFR T790M test results; of the patients 
who received 2L treatment, only 17% (n = 94/539) had a 
record of a T790M mutation test at any time (Fig. 2): 59% 
(n = 55/94) had tumors that were T790M positive. Of these, 
82% (n = 45/55) received osimertinib at any line and 58% 
(n = 32/55) were alive at the end of the study period. Of the 
38% of patients (n = 36/94) whose tumors were T790M-neg-
ative, 44% (n = 16/36) received osimertinib at any line and 
56% (n = 20/36) were alive at the end of the study period. 
Three patients received a T790M test but their results were 
unknown. Of the patients who had no record of 2L treatment, 
6% (n = 29/490) had T790M testing: 21% (n = 6/29) had 
tumors that were T790M positive, and one was alive at the 
last follow-up. Of the remaining patients, 76% (n = 22/29) 
had tumors that were T790M negative, and 3% (n = 1/29) 
had an unknown result; eight were alive at the last follow-up.

3.3  Survival and Mortality

Survival outcomes were analyzed in all 1029 patients, 
as summarized in Fig.  3; overall, median OS was  
27.2 months (95% CI 25.9–30.0). Median OS was 
24.7 months (95% CI 22.5–27.2) and 13.0 months 
(95% CI 8.8–20.6) in those with an ECOG score of 0–1 
and ≥ 2 at the index date, respectively (HR for all-cause 
mortality: 1.91 [95% CI 1.4–2.6; p < 0.001]; Fig. 4A). In 
patients with early-stage disease (I–IIIA) at initial diag-
nosis, median OS from index was 43.3 months (95% CI 
30.9–73.7), compared with 26.4 months (95% CI 24.4–28.1) 
for late-stage disease (IIIB–IV) [HR 1.56 (95% CI 1.2–2.0; 
p = 0.001); Fig. 4B]. Patients with confirmed ex19del or 
L858R mutations had a median OS of 30.5 months (95% 
CI 27.6–37.1) and 29.6 months (95% CI 25.1–36.0) respec-
tively (Fig. 4C). The median OS for patients initiating a 1L 

All pa�ents
N=1,029

Progressed on 1L 
EGFR-TKI therapy and 

received 2L
n=539 (52%)

Died on 1L 
EGFR-TKI therapy

n=288 (28%)

S�ll on 1L 
EGFR-TKI therapy

n=202 (20%)

Tested for T790Ma

n=94 (17%)

Yes, tested nega�ve
n=36 (38%)

Yes, tested posi�ve
n=55 (59%)

Yes, result unknown
n=3 (3%)

Received osimer�nibcReceived osimer�nibb

No
n=10 
(18%)

Yes
n=45 
(82%)

No
n=20 
(56%)

Yes
n=16 
(44%)

Fig. 2  Patient disposition by first-line (1L) progression. aCalculated 
as the proportion of patients who progressed on 1L epidermal growth 
factor receptor-tyrosine kinase inhibitor (EGFR-TKI) treatment. 
bReceipt of osimertinib as a second-line (2L) or later treatment; cal-
culated as the proportion of patients who tested positive for T790M. 
cReceipt of osimertinib as a 2L or later treatment; calculated as the 
proportion of patients who tested negative for T790M
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EGFR-TKI < 2015 was 28.3 months (95% CI 25.5–31.3) 
and 26.4 months for ≥ 2015 (95% CI 24.7–30.3; Fig. 4D). 

Of the 1029 patients receiving 1L EGFR-TKI treatment, 
288 (28%) died without receiving 2L treatment; a further 
320 patients (31%) died after receiving 2L treatment. The 
mortality rate of patients who did not receive 2L treatment 
was the same as that of patients who did initiate 2L treat-
ment (59%; n = 288/490 vs 59%; n = 320/539, respectively). 
Median OS from the start of 2L treatment was longer in 
patients who received 2L osimertinib (n = 186; 28.9 months  
[95% CI 21.7–37.6]) than in patients who received other treat-
ments at 2L (n = 353; 13 months [95% CI 11.8–15.4]).

The risk of all-cause mortality was significantly increased 
by unknown/indeterminate mutation status (HR vs EGFR-TKI 
sensitizing mutations: 1.44; 95% CI 1.19–1.75; p < 0.001). 
The risk of all-cause mortality was significantly reduced 
by never being a smoker (HR 0.50; 95% CI 0.36–0.69; 
p < 0.001) and having no reported CNS metastases (HR 0.80;  
95% CI 0.66–0.96; p = 0.017). See Table 1 of the Electronic 
Supplementary Material for OS for all multivariable analyses.

4  Discussion

From this retrospective longitudinal study using the US 
CLQD database, we reviewed key treatment patterns and 
survival outcomes in patients with NSCLC in a real-world 
setting. Between 2011 and 2018, approximately a quarter 
of patients (28%) died without receiving 2L treatment after 
a median follow-up period of 19.8 months. This is consist-
ent with previous data showing that a clinically significant 
proportion of patients (30%) die prior to initiating 2L treat-
ment [16, 17, 19, 20]. In this study, approximately half of 
patients who received 1L EGFR-TKIs went on to receive 2L 
therapies. In comparison, other real-world evidence studies 
have estimated that only 12–37% of patients with EGFRm 
NSCLC receive 2L treatments [17, 19, 20]. However, these 
studies assessed patients over a shorter time period, and may 
have been impacted by treatment approvals and guideline 
changes during this time. Our data therefore demonstrate 
the importance of optimal 1L treatment selection to improve 
outcomes for patients with EGFRm NSCLC.
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The median OS from index to the last follow-up in this 
real-world study was 27.2 months (95% CI 25.9–30.0), 
which is in line with clinical trials of first-generation or 
second-generation EGFR-TKIs (18.8–34.1 months) [24–31], 
supporting the use of these US EHR data in calculating OS. 
In addition, EHR data from the Flatiron dataset in the US 
reported similar median OS between treatment groups in 
patients diagnosed with EGFRm advanced NSCLC after 
May 2013 (23.1 months, 20.7 months, and 19.3 months for 
erlotinib, afatinib, and chemotherapy, respectively) [32]. 
The OS results here are consistent with known mortality 
risk factors, including lower OS among patients with CNS 
metastases and higher ECOG scores [33, 34]. As would be 
expected, age and advanced disease stage were also associ-
ated with shorter OS, as well as unknown mutation type. 
Comparatively, there was no significant difference in OS 
between patients initiating 1L EGFR-TKI treatment < 2015 
or ≥ 2015, despite increases in available treatment options. 
This may have been influenced, in part, by a delay in clinical 
uptake of 2L osimertinib following its approval in November 
2015, and therefore OS data for the ≥ 2015 cohort may have 
been diluted by historical treatment patterns. Any compari-
son of a retrospective collection of OS data and prospective 
clinical trial data must recognize the more stringent inclu-
sion and exclusion criteria for prospective randomized stud-
ies along with the evolving treatment and biomarker testing 
landscape occurring over time.

The main strength of this study was the use of the 
CLQD database to analyze data from a large population 
of patients with lung cancer, using real-world informa-
tion from EHRs. The large size of the database helped to 
ensure that estimates measured had relatively high preci-
sion. Conversely, a limitation of the study was missing 
information owing to the differences of reporting patient 

data from individual subscribing practices, in particular, 
the incomplete molecular data including the missing infor-
mation relating to T790M mutational status, and months 
from initial diagnosis to the EGFRm and T790M test. This 
was because of molecular testing results being appended 
to the EHRs and therefore only assessed via curation; it 
is likely that many patients receiving osimertinib were 
T790M positive, but we do not have record of their test or 
results in the CLQD database. This is likely to affect the 
results from the patients in the ≥ 2015 cohort, as T790M 
testing was not standard of care prior to the approval of 
osimertinib in 2015. The ECOG performance status was 
also missing for over half of the patients. Not all patients 
in the CLQD database have curated data and because 
this analysis required curated variables, patients without 
curated data were excluded. This is not likely to impact 
the internal validity of the results; however, they may not 
be generalizable to all patients with EGFRm NSCLC. Fur-
thermore, the CLQD dataset used in this analysis contains 
EHR data from 47 medical oncology organizations in the 
US, but may not be representative of the entire country, 
as it is a convenience sample of practices that have cho-
sen to participate in the CancerLinQ network and the 
retrospective collection of data may have the potential 
for reporting bias. The collection of data also does not 
account for physician adherence to clinical guidelines and 
recommendations, and the impact this has on treatment 
decisions; we also focused on patients who received 1L 
treatment, whereas some patients with lung cancer may 
receive supportive care only. Furthermore, this analysis 
only reports on the proportion of patients who received 
first-/second-generation EGFR-TKIs as a 1L treatment and 
therefore, this selected population does not represent all 
patients with EGFRm NSCLC. Finally, as some patients 
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were followed up until the last available clinical activity 
record, it is not possible to accurately determine the pro-
portion of patients continuing treatment at the data cut-off.

5  Conclusions

This retrospective real-world US study in patients with 
EGFRm advanced NSCLC, identified through the CLQD 
database, has further characterized 1L and 2L treatment 
patterns and patient attrition and survival. Findings indi-
cated that, between 2011 and 2018, many patients with 
EGFRm advanced NSCLC died prior to initiating 2L 
therapy; therefore, treatment optimization for this patient 
population should incorporate the most effective agents 
early on in the course of treatment with the most effec-
tive EGFR-TKI therapy initiated at 1L. In addition, age, 
advanced disease at initial diagnosis, and unknown muta-
tion type were associated with shorter OS. Further real-
world evidence is needed to identify those patients who 
are most at risk of not receiving 2L therapy and what bar-
riers exist for the use of third-generation agents in the 1L 
setting.
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