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Background: To extend the discussion on the use of real-world evidence (RWE) in conveying the clinical value of treatment beyond 
trial data, the primary objective of this study was to assess if efficacy gains in progression-free survival (PFS) observed in randomized 
controlled trials (RCT) correlate with efficacy gains in the real-world setting. For this, we assessed the treatment benefit of three 
tyrosine kinase inhibitors (TKIs) in aNSCLC.
Methods: Using matched cohorts identified in the Flatiron Health database (2011–2020), we mimicked the following cohorts of TKI 
versus platinum-based chemotherapy (PBC) from the following trials: (1) erlotinib, EURTAC; (2) afatinib, LUX-Lung 3; and (3) 
crizotinib, PROFILE 1014. Time to treatment discontinuation (TTD) hazard ratio (HR) was used as a proxy for PFS HR, the primary 
endpoint in the selected RCTs. HRs were calculated via Cox proportional hazard models.
Results: Overall, 1,118 patients were included across the three RWE cohorts. Frontline TKI regimens had statistically significantly 
better real-world TTD than their matched PBC comparator group (HR 0.37, 95% confidence interval [CI] 0.30–0.44 for erlotinib; HR 
0.42, 95% CI 0.32–0.55 for afatinib; HR 0.37, 95% CI 0.26–0.53 for crizotinib). The benefit in real-world OS was not different 
between TKIs and PBC patients, attributed to a high proportion of switching to subsequent therapy. Study findings of relative 
treatment benefit (HR) for real-world TTD and OS were deemed similar to those for PFS and OS from the pivotal RCTs.
Conclusion: The relative treatment effect, measured as real-world TTD HR over the long term, was similar to trial-based PFS HR, 
implying that the clinical benefit of aNSCLC treatments conveyed in trials translated into the clinical setting. This is important, given 
that OS data interpretation is limited, even with longer follow-up. Additionally, our RWE analysis endorses TTD as a relevant endpoint 
to measure clinical benefit.
Keywords: non–small cell lung cancer, short- and long-term outcomes, time to treatment discontinuation, reimbursement

Introduction
Identification of new oncological targets has led to a sharp increase in the development and approval of novel cancer 
therapies.1 In order to accelerate access to innovative cancer medications, regulatory approvals are often based on non-OS 
endpoints. Between 1992 and 2017, accelerated approvals in the US were granted in 93 cancer indications, of which 81 (87%) 
were based on response rates, eight (9%) on PFS or time to progression, and four (4%) on disease-free survival.2 During 2006– 
2017, in the US, >70% of cancer treatment approvals for later lines of therapy were granted based on (non-OS endpoints) PFS 
or relapse-free survival.3 In Europe, between 2014 and 2017, 39% (34 of 88 marketing authorization applications) of cancer 
treatments were approved based on non-OS endpoints because OS was immature at the time of the drug application.4

In situations where trial OS data are immature, the evidence generated based on real-world data (RWD) can be helpful 
in addressing the uncertainty payers face related to the effectiveness of a therapy beyond the trial data.5 Given the 
widespread availability of RWD, there is substantial interest in validating and comparing clinical effectiveness using 
RWD observed in clinical practice settings and clinical efficacy generated from randomized clinical trials (RCTs).6,7 

Cancer Management and Research 2022:14 3421–3435                                                   3421
© 2022 Gaitonde et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 28 July 2022
Accepted: 27 October 2022
Published: 7 December 2022

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-9411-7087
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Real-world evidence (RWE) can demonstrate the short- and long-term clinical value of a drug in a clinical practice,8 as 
well as help payers predict meaningful health benefit for patients underrepresented in RCTs.9,10

Patients with aggressive cancers, such as advanced (ie, locally advanced or metastatic) non–small cell lung cancer 
(aNSCLC),11 can benefit from innovation in accelerating the approval and reimbursement of potent novel therapies. In an 
effort to extend the discussion on the usefulness of RWE to support payer decision-making, the main objective of this study 
was to compare real-world effectiveness (using electronic health record [EHR] data from US oncology practices) and efficacy 
observed in aNSCLC clinical trials. To do this, we chose three RCTs on tyrosine kinase inhibitors (TKIs) given as frontline 
treatment in aNSCLC patients with EGFR or ALK mutations versus platinum-based chemotherapy (PBC): (1) erlotinib vs 
PBC in EGFR+ patients from the EURTAC trial,12 (2) afatinib vs PBC in EGFR+ patients from the LUX-Lung 3 trials,13 and 
(3) crizotinib vs PBC in ALK+ patients from the PROFILE 1014 trial.14 At the time of initial reimbursement decisions by 
payers, all three TKI trials had demonstrated substantial benefit in PFS, while OS data were still immature and regulatory 
approvals were achieved based on PFS benefit. The focus on these therapies stems from the fact that they represent approved 
innovative therapies in aNSCLC with considerable long-term use and follow-up in RWD.

Methods
Summary of Included RCTs
A detailed summary of the three RCTs we attempted to mimic using RWD is shown in Table 1. NSCLC patients from the 
three RCTs were included if they were adults, had a histological diagnosis of stage IIIB or stage IV, had received no prior 
chemotherapy for advanced NSCLC, and largely had an Eastern Cooperative Oncology Group (ECOG) performance 
status <2. The primary endpoint was PFS, defined as the time from the date of randomization to the date when disease 
progression was first observed or death occurred. Treatment switching was allowed post progression.

RWE Study Design
This RWE analysis was a retrospective cohort study, implemented using Flatiron Health’s longitudinal EHR database. 
Flatiron Health contains aggregated, normalized, and harmonized de-identified patient-level data curated from structured 
and unstructured data via technology-enabled chart abstraction.15 This database represents over 265 US cancer clinics, 
including >2 million patients with cancer overall and 120,000 patients with a structured International Classification of 
Diseases code for lung cancer.

The Flatiron Health’s EHR data used for this analysis were a secondary database that included de-identified patient 
data. The secondary use of de-identified patient data is explicitly exempted from ethics review and informed consent as 
per the Department of Health and Human Services regulation 45 CFR 46.104(d)(4). The study authors received 
permission to use this EHR database from Flatiron Health through a third-party agreement.

Patients aged ≥18 years with advanced stage IIIB/IV NSCLC on or after January 1, 2011 and followed up until August 30, 
2020 were included in the study as long as they had had at least 2 clinical encounters and had recorded treatment within 30 
days before or 90 days after their aNSCLC diagnosis. We restricted analysis to patients with a positive EGFR or ALK mutation 
status. The index date was defined as the date of initiation of first line of therapy (1LOT), and patients were followed 
longitudinally until death or end of follow-up. Patients initiating 1LOT with afatinib, crizotinib, and erlotinib were allowed to 
initiate the therapy as monotherapy or combination therapy. Patients initiating 1LOT with PBC were categorized based on the 
use of carboplatin/cisplatin in combination with any of the regimens used in the three pivotal trials (pemetrexed, docetaxel, or 
gemcitabine). While the selection of chemotherapy regimens may not have reflected the chemotherapy arm of each individual 
trial, this decision was made in order to achieve a large enough sample size for the RWE chemotherapy comparator arms. 
Additionally, the literature suggests that cisplatin is equivalent to carboplatin and that pemetrexed is more efficacious than 
docetaxel/gemcitabine.16 Therefore, adding pemetrexed to the RWE comparator arm was considered a conservative assump-
tion with respect to mimicking the chemotherapy arm of the EURTAC RCT,16 which consisted of cisplatin with docetaxel/ 
gemcitabine with optional substitution with carboplatin for cisplatin. In contrast, docetaxel or gemcitabine combinations were 
not added to the RWE chemotherapy arm for the ALK+ cohort, as that could have made the RWE comparator arm less 
effective on average (the chemotherapy regimen in PROFILE 101414 consisted of cisplatin/carboplatin plus pemetrexed).
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Table 1 Summary of baseline characteristics of included RCTs

EURTAC RCT12 EGFR+ cohort LUX-Lung 3 RCT13 EGFR+ 
cohort

PROFILE 101414 ALK+ 
cohort

Erlotinib 
(150 mg 
per day)

Platinum 
chemotherapy 
(cisplatin with 

docetaxel/gemcitabine, 
carboplatin optional 

substitution for 
cisplatin)

Afatinib 
(40 mg 

per day)

Platinum 
chemotherapy 
(cisplatin plus 
pemetrexed)

Crizotinib 
(250 mg 

twice 
daily)

Platinum 
chemotherapy 

(cisplatin/ 
carboplatin 

plus 
pemetrexed)

n=86 n=87 n=230 n=115 n=172 n=171

Period of randomization 2007–2011 2009–2011 2011–2013

Baseline characteristics

Female sex 67% 78% 64% 67% 60% 63%

Age (years), median (range) 65 (24–82) 65 (29–82) 62 (28–86) 61 (31–83) 52 (22–76) 54 (19–78)

Race

White – – 26% 26% 53% 50%

Asian – – 72% 72% 45% 47%

Other – – 2% 2% 2% 4%

Smoking status

Never smoked 66% 72% 67% 70% 62% 65%

Previous smoker 26% 14% 30% 28% 33% 32%

Current smoker 8% 14% 2% 2% 6% 3%

ECOG performance status

0–1 86% 86% 100% 99% 94% 94%

2 14% 14% 0 1% 6% 5%

Histological diagnosis

Adenocarcinoma 95% 90% – – 94% 94%

Non-adenocarcinoma 5% 10% – – 6% 6%

Clinical stage

IIIB 7% 6% 9% 15% 2% 2%

IV 91% 94% 91% 85% 98% 98%

Metastasis site

Bone metastasis 33% 33% – – – –

Brain metastasis 10% 13% – – 26% 27%

Type of EGFR mutation

Deletion of exon 19 66% 67% 49% 50% – –

L858R mutation in exon 21 34% 33% 40% 41% – –
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RWE Data Analysis
The following patient and clinical characteristics were assessed during the baseline period as presented in the source trial 
publications for the three RWE TKI vs PBC cohorts of interest: age, sex, year of diagnosis, race/ethnicity, community or 
academic treatment setting, geographic region, smoking status, time from initial diagnosis to index date, stage at diagnosis, 
ECOG performance status, histology, mutation variants, and brain and bone metastases. Each of the three TKI analytic cohorts 
was matched to the respective PBC arms to achieve balance in these important baseline characteristics. Specifically, an exact 
matching algorithm allowing for variable ratio between the number of matched treated and control patients was used in order 
to optimize retention of sample size with balancing baseline characteristics.17,18 The variables matched on included age, sex, 
race, smoking status, BMI, ECOG performance status, histology, mutation type, stage, region, physician practice setting, time 
to treatment initiation, year of diagnosis, Charlson Comorbidity Index, and presence of bone and brain metastases. The 
erlotinib and crizotinib cohorts resulted in a 1:1 match and the afatinib cohort a 1:2 match.

While progression data could be available in Flatiron for select cohorts, there were several reasons for choosing 
time to treatment discontinuation (TTD) in our analysis. Clinical trials define progression using the RECIST criteria, 
while real-world PFS obtained via EHRs is defined using clinician notes, chart documents, and other evidence, such 
as pathologic and radiology reports.19 Irrespective of the richness of the EHR data, PFS by RECIST criteria cannot be 
adequately obtained via EHR-derived data.19 Additionally, at the time of this study, we did not have information on 
the concordance between real-world PFS and conventional PFS for TKI agents for aNSCLC. Finally, as an endpoint 
readily available in RWD sources, real-world TTD could be a useful measure indicative of short- and long-term 
benefit in aNSCLC and can be employed during reimbursement decision-making discussions, given that OS data 
interpretation may be limited, even with longer follow-up.5 Previous patient-level pooled analyses of eight trials 
showed an overall strong correlation (r=0.91) between TTD and PFS when studying patients with aNSCLC treated 
within the drug categories of EGFR-TKI, ALK-TKI, immune checkpoint inhibitors, or chemotherapy.20 Therefore, 
TTD was used to evaluate real-world effectiveness in the three analytic cohorts as a proxy for PFS, which was the 
primary endpoint in the three selected RCTs. TTD was defined as the time difference between the first and last date of 
a 1LOT regimen unless there were <120 days available follow-up after the end of 1LOT. In those cases, alive patients 
were censored for TTD, based on the last confirmed activity (last clinical visit or drug administration). The choice of 
the 120-day criterion was made based on the refill timing distribution observed in the data set. The choice of using 
TTD was justified based on recent literature in aNSCLC highlighting its use as a potential real-world endpoint that 
could be used to help determine a therapy’s efficacy in the postmarketing setting;21 TTD has been found to correlate 
with both PFS (r=0.87) and OS (r=0.68) among 8,947 patients with aNSCLC from clinical trials.22

Real-world TTD and OS were measured in months and are presented using Kaplan–Meier curves. HRs were calculated 
via a Cox proportional hazard model while the proportional hazard assumption was tested using Schoenfeld residuals. 
Similarly, reported PFS and OS curves from the RCTs were digitized and plotted alongside the RWE curves. Then, measures 
of relative efficacy (ie, HRs) were naïvely compared between the two sets of data for each of the three individual cohorts of 
interest. No statistical test was conducted to compare the results from the RCT and Flatiron data. To examine potential 
correlations between TTD and OS in this exploratory analysis, the difference between the area under the curve (in 6-month 
intervals) for real-world TTD and OS of TKIs vs PBC was calculated and correlated using the Spearman’s rank-order metric. 
Additionally, switching patterns and subsequent therapies were also described. Data management and analyses were 
conducted using SAS version 9.4 (Cary, NC, USA) and R software (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
Applying inclusion and exclusion criteria overall resulted in 1,907 aNSCLC patients (Figure 1), and after cohort 
matching this decreased to 1,118 patients, distributed across the following groups: erlotinib (n=487) vs PBC (n=173) 
in the first EGFR+ cohort; afatinib (n=178) vs PBC (n=107) in the second EGFR+ cohort; and crizotinib (n=126 vs n=47) 
in ALK+ patients. The size of the RWE patient population for the first EGFR+ cohort was close to four times that of the 
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EURTAC trial. The second EGFR+ cohort was a similar size to the LUX-Lung 3 trial, while the ALK+ cohort was about 
half that of PROFILE 1014.

The erlotinib- and afatinib-treated EGFR+ and the crizotinib-treated ALK+ patients were well balanced (Table 2) 
compared to their PBC comparator group with respect to demographics, region, practice setting, and clinical 
characteristics (ie, history of smoking, ECOG performance status, stage, histology, bone and brain metastasis) and 
were overall deemed similar to the patient population examined in clinical trials. Specific to the EGFR+ cohorts, exon 
19 deletion mutations and L858R mutation in exon 21 were also equally distributed between the TKI vs PBC groups. 
The main difference between patients on TKI vs PBC was the timing of the EGFR/ALK test relative to 1LOT 
initiation: the majority of TKI patients (85%–94%) had had their mutation status established before the date of 1LOT 
receipt, compared to 30% or less among patients on PBC.

Compared to the patient population from the RCTs (Table 1), more patients in the matched RWE cohorts (Table 2) 
had a history of smoking, were older (especially for the ALK+ cohort), and white. Specific to the RWE EGFR+ cohorts, 
slightly more patients had stage IV NSCLC and fewer had exon 19 deletion mutations than patients in the RCTs.

Frontline TKI regimens had statistically significantly better real-world TTD than their matched PBC comparator 
group (HR 0.37, 95% CI 0.30–0.44 for erlotinib; HR 0.42, 95% CI 0.32–0.55 for afatinib; HR 0.37, 95% CI 0.26–0.53 
for crizotinib) (Figure 2). These estimates of relative benefit were similar to those measured for PFS in registrational 
trials (HR 0.37, 95% CI 0.25–0.54 for erlotinib in EURTAC;12 HR 0.49, 95% CI 0.37–0.65 for afatinib in LUX-Lung 
3;13 HR 0.45, 95% CI 0.35–0.60 for crizotinib in PROFILE 1014).14 Benefit in real-world OS was not different between 
first-line TKIs initiators and PBC, similar to what was reported in clinical trials (Figure 2), with 95% CIs for HRs for OS 
overlapping across the RWE and RCT paired comparisons.

EGFR and/or ALK+ prior to 1LOT initiation n = 1,907

Patients who initiated 1LOT, with EGFR and/or ALK+ status tested anytime n = 2,514

Patients with initiated 1LOT of interest: n = 17,835

Patients with known EGFR/ALK status: n = 21,915

Patients with recorded LOT 30 days before or 90 days after diagnosis of advanced NSCLC
n = 30,043

At least 2 visits at a practice within the Flatiron Health Network on or after January 1, 2011
n = 46,550

Patients 18 years of age at diagnosis of advanced NSCLC
n = 46,550

Advanced stage IIIB/IV patients diagnosed on or after January 1, 2011
n = 46,551

Figure 1 Patient attrition flow in the Flatiron Health database.
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Table 2 Baseline characteristics in matched cohorts

Erlotinib EGFR+ cohort Afatinib EGFR+ cohort Crizotinib ALK+ cohort

Erlotinib Platinum 
chemotherapy

P Afatinib Platinum 
chemotherapy

P Crizotinib Platinum 
Chemotherapy

P

n=487 n=173 n=178 n=107 n=126 n=47

Age at advanced NSCLC 
diagnosis, years

Mean (SD) 66.81 (9.39) 66.79 (10.23) 0.656 66.60 (10.09) 67.23 (9.73) 0.485 60.82 (11.95) 62.72 (10.11) 0.652

Median (Q1–Q3) 67 (61–74) 69 (61–74) 67 (61–74) 69 (60–75) 62 (55–70) 63 (55–70)

Range 25–85 34–84 25–85 34–82 28–80 41–85

Age (years), n (%) 18–54 43 (8.8%) 23 (13.3%) 0.223 19 (10.7%) 12 (11.2%) 0.954 29 (23.0%) 11 (23.4%) 0.734

55–64 148 (30.4%) 39 (22.5%) 51 (28.7%) 26 (24.3%) 49 (38.9%) 15 (31.9%)

65–74 184 (37.8%) 68 (39.3%) 65 (36.5%) 41 (38.3%) 32 (25.4%) 16 (34.0%)

75+ 94 (19.3%) 37 (21.4%) 38 (21.3%) 25 (23.4%) 13 (10.3%) 5 (10.6%)

Year of advanced NSCLC 
diagnosis, n (%)

2011 24 (4.9%) 13 (7.5%) <0.001 0 9 (8.4%) <0.001 1 (0.8%) 2 (4.3%) 0.265

2012 51 (10.5%) 8 (4.6%) 0 6 (5.6%) 14 (11.1%) 4 (8.5%)

2013 85 (17.5%) 19 (11.0%) 5 (2.8%) 12 (11.2%) 22 (17.5%) 6 (12.8%)

2014 95 (19.5%) 27 (15.6%) 23 (12.9%) 18 (16.8%) 22 (17.5%) 6 (12.8%)

2015 89 (18.3%) 33 (19.1%) 27 (15.2%) 19 (17.8%) 29 (23.0%) 10 (21.3%)

2016 62 (12.7%) 35 (20.2%) 49 (27.5%) 26 (24.3%) 23 (18.3%) 8 (17.0%)

2017 62 (12.7%) 18 (10.4%) 38 (21.3%) 8 (7.5%) 12 (9.5%) 5 (10.6%)

2018 17 (3.5%) 11 (6.4%) 27 (15.2%) 5 (4.7%) 1 (0.8%) 2 (4.3%)

2019 1 (0.2%) 5 (2.9%) 4 (2.2%) 3 (2.8%) 1 (0.8%) 3 (6.4%)

2020 1 (0.2%) 4 (2.3%) 5 (2.8%) 1 (0.9%) 1 (0.8%) 1 (2.1%)

Sex, n (%) Female 340 (69.8%) 113 (65.3%) 0.273 127 (71.3%) 72 (67.3%) 0.470 50 (39.7%) 19 (40.4%) 0.929

Male 147 (30.2%) 60 (34.7%) 51 (28.7%) 35 (32.7%) 76 (60.3%) 28 (59.6%)
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Race, n (%) White 336 (69.0%) 111 (64.2%) 0.318 119 (66.9%) 70 (65.4%) 0.855 78 (61.9%) 27 (57.4%) 0.899

Black or African 

American

28 (5.7%) 16 (9.2%) 14 (7.9%) 12 (11.2%) 14 (11.1%) 7 (14.9%)

Hispanic or 

Latino

2 (0.4%) 1 (0.6%) 1 (0.6%) 0 1 (0.8%) 0

Asian 14 (2.9%) 8 (4.6%) 7 (3.9%) 5 (4.7%) 5 (4.0%) 2 (4.3%)

Unknown 107 (22.0%) 37 (21.4%) 37 (20.8%) 20 (18.7%) 28 (22.2%) 11 (23.4%)

Ethnicity, n (%) Hispanic or 
Latino

28 (5.7%) 10 (5.8%) 0.988 12 (6.7%) 3 (2.8%) 0.180 6 (4.8%) 2 (4.3%) >0.999

Missing/unknown 459 (94.3%) 163 (94.2%) 166 (93.3%) 104 (97.2%) 120 (95.2%) 45 (95.7%)

US region, n (%) Midwest 52 (10.7%) 19 (11.0%) 0.587 22 (12.4%) 12 (11.2%) 0.620 12 (9.5%) 5 (10.6%) 0.865

Northeast 92 (18.9%) 24 (13.9%) 39 (21.9%) 16 (15.0%) 22 (17.5%) 9 (19.1%)

Other/missing 76 (15.6%) 33 (19.1%) 29 (16.3%) 21 (19.6%) 28 (22.2%) 7 (14.9%)

South 160 (32.9%) 59 (34.1%) 59 (33.1%) 37 (34.6%) 41 (32.5%) 18 (38.3%)

West 107 (22.0%) 38 (22.0%) 29 (16.3%) 21 (19.6%) 23 (18.3%) 8 (17.0%)

Physician practice setting, 
n (%)

Academic 54 (11.1%) 22 (12.7%) 0.564 22 (12.4%) 14 (13.1%) 0.858 25 (19.8%) 4 (8.5%) 0.108

Community 433 (88.9%) 151 (87.3%) 156 (87.6%) 93 (86.9%) 101 (80.2%) 43 (91.5%)

Smoking status, n (%) History of 

smoking

273 (56.1%) 97 (56.1%) 0.686 94 (52.8%) 57 (53.3%) 0.940 68 (54.0%) 27 (57.4%) 0.683

No history of 

smoking

213 (43.7%) 75 (43.4%) 84 (47.2%) 50 (46.7%) 58 (46.0%) 20 (42.6%)

Unknown/not 

documented

1 (0.2%) 1 (0.6%) 0 0 0 0

BMI prior to initiation of 
1LOT

Mean (SD) 26.37 (5.51) 26.30 (5.09) 0.945 26.21 (5.42) 26.74 (5.53) 0.417 27.13 (5.74) 23.85 (3.50) <0.001

Median (Q1–Q3) 25.8 (22.3– 

29.5)

25.6 (22.5–29.1) 25.5 (22.8– 

29.3)

26.3 (23.0–29.6) 26.6 (23.1– 

30.0)

24.0 (21.7–25.4)

Range 15.1–50.5 16.1–44.2 14.2–45.9 13.4–44.2 16.3–48.1 17.0–33.5

(Continued)
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Table 2 (Continued). 

Erlotinib EGFR+ cohort Afatinib EGFR+ cohort Crizotinib ALK+ cohort

Erlotinib Platinum 
chemotherapy

P Afatinib Platinum 
chemotherapy

P Crizotinib Platinum 
Chemotherapy

P

n=487 n=173 n=178 n=107 n=126 n=47

ECOG performance status at 
or 60 days prior to initiation 
of 1LOT, n (%)

0 81 (16.6%) 35 (20.2%) 0.856 44 (24.7%) 23 (21.5%) 0.773 25 (19.8%) 10 (21.3%) 0.735

1 130 (26.7%) 42 (24.3%) 51 (28.7%) 34 (31.8%) 25 (19.8%) 12 (25.5%)

2 37 (7.6%) 13 (7.5%) 0 0 13 (10.3%) 4 (8.5%)

3 6 (1.2%) 2 (1.2%) 0 0 5 (4.0%) 0

Missing 233 (47.8%) 81 (46.8%) 83 (46.6%) 50 (46.7%) 58 (46.0%) 21 (44.7%)

ECOG performance status 
among non-missing, n (%)

0 81 (31.9%) 35 (38.0%) 0.733 44 (46.3%) 23 (40.4%) 0.473 25 (36.8%) 10 (38.5%) 0.591

1 130 (51.2%) 42 (45.7%) 51 (53.7%) 34 (59.6%) 25 (36.8%) 12 (46.2%)

2 37 (14.6%) 13 (14.1%) 0 0 13 (19.1%) 4 (15.4%)

3 6 (2.4%) 2 (2.2%) 0 0 5 (7.4%) 0

Stage at advanced NSCLC 
diagnosis, n (%)

IIIB 4 (0.8%) 4 (2.3%) 0.216 3 (1.7%) 3 (2.8%) 0.857 5 (4.0%) 5 (10.6%) 0.137

IV 483 (99.2%) 169 (97.7%) 173 (97.2%) 103 (96.3%) 121 (96.0%) 42 (89.4%)

IVB 0 0 2 (1.1%) 1 (0.9%) 0 0

Histology, n (%) Non–squamous 

cell carcinoma

484 (99.4%) 170 (98.3%) 0.209 178 (100%) 107 (100%) – 119 (94.4%) 45 (95.7%) >0.999

Squamous cell 

carcinoma

2 (0.4%) 2 (1.2%) 0 0 1 (0.8%) 0

Missing/unknown 1 (0.2%) 1 (0.6%) 0 0 6 (4.8%) 2 (4.3%)

Exon 19 deletion mutations, 
n (%)

No 271 (55.6%) 104 (60.1%) 0.308 95 (53.4%) 60 (56.1%) 0.657 117 (92.9%) 45 (95.7%) 0.729

Yes 216 (44.4%) 69 (39.9%) 83 (46.6%) 47 (43.9%) 0 0

Missing/unknown 0 0 0 0 9 (7.1%) 2 (4.3%)

L858R mutation in exon 21, 
n (%)

No 312 (64.1%) 114 (65.9%) 0.666 120 (67.4%) 71 (66.4%) 0.854 117 (92.9%) 45 (95.7%) 0.729

Yes 175 (35.9%) 59 (34.1%) 58 (32.6%) 36 (33.6%) 0 0

Missing/unknown 0 0 0 0 9 (7.1%) 2 (4.3%)
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Mutation test relative to 
initiation of 1LOT, n (%)

Tested after 

1LOT

67 (13.8%) 120 (69.4%) <0.001 10 (5.6%) 77 (72.0%) <0.001 19 (15.1%) 33 (70.2%) <0.001

Tested before 

1LOT

420 (86.2%) 53 (30.6%) 168 (94.4%) 30 (28.0%) 107 (84.9%) 14 (29.8%)

Time to 1LOT initiation from 
advanced diagnosis (days)

Mean (SD) 35.72 (19.42) 32.46 (18.84) 0.028 34.87 (17.05) 32.77 (19.47) 0.153 37.83 (18.67) 35.87 (21.30) 0.279

Median (Q1–Q3) 33 (21–47) 28 (19–43) 33 (22–44) 29 (20–48) 35.5 (24–49) 28 (20–49)

Range −14 to –89 4–82 5–89 −2 to 82 −10 to 89 4–87

Charlson Comorbidity Index Mean (SD) 4.60 (3.24) 4.95 (3.17) 0.167 5.00 (3.08) 5.13 (3.05) 0.910 4.42 (3.22) 4.77 (3.14) 0.509

Median (Q1 to 
Q3)

2 (2–8) 3 (2–8) 3 (2–8) 5 (2–8) 2 (2–8) 2 (2–8)

Range 0–13 0–11 0–11 0–10 0–11 2–11

Brain metastasis 12 months 
before 1LOT initiation, n (%)

Yes 54 (11.1%) 23 (13.3%) 0.437 27 (15.2%) 15 (14.0%) 0.791 19 (15.1%) 4 (8.5%) 0.321

Bone metastasis 12 months 
before 1LOT initiation, n (%)

Yes 123 (25.3%) 51 (29.5%) 0.279 45 (25.3%) 35 (32.7%) 0.176 22 (17.5%) 14 (29.8%) 0.076
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Kaplan–Meier curves for long-term real-world TTD and OS curves were similar or lower than the shorter-term curves 
for PFS and OS observed in the RCTs. The starkest contrast was that for the ALK+ cohort, where RWE patients were 
much older than those examined in the RCT (median age 62 vs 53 years) and expectedly had lower probabilities of 
treatment continuation and survival. The benefit of better real-world TTD did not correlate with benefit of better real- 
world OS for first-line TKI initiators in the matched cohort over PBC (r=–0.071, P=0.79 for erlotinib; r=–0.25, P=0.79 
for afatinib; r=0.062, P=0.82 for crizotinib; Figure 2). This was attributed to a high proportion of early switching among 
PBC patients to subsequent lines of TKI and programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) regimens, 
likely post progression (Table 3). Proportionally, more PBC patients were exposed to TKI therapy across all subsequent 
lines of therapy than first-line TKI initiators in the EGFR+ cohort (47.6% vs 61.7% for erlotinib vs PBC; 52.4% vs 
63.7% for afatinib vs PBC; 67.1%) and more PD-1/PD-L1 therapy exposure in the ALK+ cohort (6.0% vs 17.9% for 
crizotinib vs PBC).

Discussion
Mirroring the populations from three sets of RCTs, our RWE study showed that the difference in the longer-term TTD 
was consistent with the difference in PFS benefit observed in pivotal trials among aNSCLC EGFR/ALK+ patients. Our 
study is insightful, as it shows that it is possible to replicate the comparative assessment from RCTs in RWE settings, as 
well as RWD being an important data source to investigate longer-term clinical benefits from RCTs. Last but not least, 
the results demonstrate that TTD could be an important proxy for non-OS outcomes, such as PFS. Our findings are even 
more relevant in the context of the increasing use of new techniques used to detect genetic factors associated with 
advanced NSCLC, such as cell searching for circulating tumor cells.23,24

In terms of endpoints, PFS adequately demonstrates the clinical benefit of drug therapy, has an impact on health- 
related quality of life, and shows that a sizeable benefit generates incremental social value.25–27,41 Given that our results 
demonstrate that relative treatment effect assessed via TTD is a good proxy for PFS in aNSCLC when comparing the 

Figure 2 Real-world TTD, OS, and PFS from the randomized clinical trials for the erlotinib, afatinib, and crizotinib cohorts. 
Notes: For erlotinib and PBC data from the RCT, OS data from the OPTIMAL, CTONG-080240,41 are plotted, as EURTAC did not report a readily available Kaplan–Meier 
curve for OS.
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Table 3 Patterns of subsequent lines of therapy after treatment discontinuation of first line

All subsequent lines of therapy Second line of therapy Subsequent lines of therapy beyond second 
line

Erlotinib Platinum 
chemotherapy

P Erlotinib Platinum 
chemotherapy

P Erlotinib Platinum 
chemotherapy

P

n=633 n=295 n=292 n=138 n=341 n=157

TKI 301 (47.6%) 182 (61.7%) <0.001 174 (59.6%) 102 (73.9%) <0.001 127 (37.2%) 80 (51.0%) 0.032

Non-TKI: platinum 
chemotherapy

88 (13.9%) 14 (4.7%) 39 (13.4%) 2 (1.4%) 49 (14.4%) 12 (7.6%)

Non-TKI: other chemotherapy 62 (9.8%) 33 (11.2%) 9 (3.1%) 6 (4.3%) 53 (15.5%) 27 (17.2%)

Non-TKI: PD-1/PD-L1 84 (13.3%) 43 (14.6%) 18 (6.2%) 22 (15.9%) 66 (19.4%) 21 (13.4%)

Non-TKI: anti-VEGF 69 (10.9%) 17 (5.8%) 33 (11.3%) 5 (3.6%) 36 (10.6%) 12 (7.6%)

Non-TKI: other 29 (4.6%) 6 (2.0%) 19 (6.5%) 1 (0.7%) 10 (2.9%) 5 (3.2%)

Afatinib Platinum 
chemotherapy

P Afatinib Platinum 
chemotherapy

P Afatinib Platinum 
chemotherapy

P

n=212 n=190 n=111 n=87 n=101 n=103

TKI 111 (52.4%) 121 (63.7%) 0.014 78 (70.3%) 68 (78.2%) 0.382 33 (32.7%) 53 (51.5%) 0.010

Non-TKI: platinum 
chemotherapy

11 (5.2%) 8 (4.2%) 4 (3.6%) 1 (1.1%) 7 (6.9%) 7 (6.8%)

Non-TKI: other chemotherapy 14 (6.6%) 22 (11.6%) 2 (1.8%) 4 (4.6%) 12 (11.9%) 18 (17.5%)

Non-TKI: PD-1/PD-L1 49 (23.1%) 26 (13.7%) 18 (16.2%) 11 (12.6%) 31 (30.7%) 15 (14.6%)

Non-TKI: anti-VEGF 24 (11.3%) 10 (5.3%) 8 (7.2%) 3 (3.4%) 16 (15.8%) 7 (6.8%)

Non-TKI: other 3 (1.4%) 3 (1.6%) 1 (0.9%) 0 2 (2.0%) 3 (2.9%)

(Continued)
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Table 3 (Continued). 

All subsequent lines of therapy Second line of therapy Subsequent lines of therapy beyond second 
line

Crizotinib Platinum 
chemotherapy

P Crizotinib Platinum 
chemotherapy

P Crizotinib Platinum 
chemotherapy

P

n=167 n=106 n=79 n=41 n=88 n=65

TKI 112 (67.1%) 65 (61.3%) 0.003 62 (78.5%) 25 (61.0%) <0.001 50 (56.8%) 40 (61.5%) 0.117

Non-TKI: platinum 
chemotherapy

14 (8.4%) 6 (5.7%) 4 (5.1%) 2 (4.9%) 10 (11.4%) 4 (6.2%)

Non-TKI: other chemotherapy 5 (3.0%) 9 (8.5%) 2 (2.5%) 1 (2.4%) 3 (3.4%) 8 (12.3%)

Non-TKI: PD-1/PD-L1 10 (6.0%) 19 (17.9%) 1 (1.3%) 11 (26.8%) 9 (10.2%) 8 (12.3%)

Non-TKI: anti-VEGF 14 (8.4%) 4 (3.8%) 5 (6.3%) 2 (4.9%) 9 (10.2%) 2 (3.1%)

Non-TKI: other 12 (7.2%) 3 (2.8%) 5 (6.3%) 0 7 (8.0%) 3 (4.6%)
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HRs, future research could investigate the correlation between RCT-assessed PFS and RWD-assessed TTD quantita-
tively, as the latter is a more readily available measure in observational databases.28 Additionally, such research 
conducted on tumors beyond aNSCLC will support the validity of TTD in conveying the clinical benefit of therapies. 
As mentioned in Blumenthal et al, comparing absolute TTD with absolute PFS is not recommended for finite regimens. 
However, based on the results presented in Blumenthal et al, Griffith et al, and our study, TTD HR adequately aligns with 
PFS HR; therefore, it is a good proxy to demonstrate clinical benefit. Through TTD, we assess duration of treatment, 
which is a helpful construct for managed entry agreements (ie, innovative value strategies) structured as outcome-based 
contracts with payers, especially for continuous treatments. More than half the health plans and pharmacy benefit 
managers in the US use some type of risk-sharing agreement with drug and device manufacturers.29 Therefore, during 
negotiations, if health plans and pharmacy benefit managers accept TTD/duration of treatment as an endpoint that 
adequately conveys clinical benefit as well, this could simplify value-based pricing frameworks.30

It is worth noting that neither the TTD benefit of initial TKI treatment seen in our RWE study nor the PFS benefit observed 
in clinical trials translated to OS gains. This is likely due to the subsequent switching to TKIs and other later treatment lines as 
salvage therapy post progression, as was observed in the RCTs.31 While methods for treatment-switching adjustment, such as 
rank-preserving structural failure time (RPSFT), two-stage methods, and inverse probability-of-censoring weights do exist, 
their adjustment is often limited, as each one’s performance depends on strong assumptions that are often not met, given the 
data at hand. For example, while RPSFT could have been an appropriate methodology to adjust for treatment switching in 
PROFILE 1014,32 this was the case because the conditions for crossover from PBC to crizotinib and from crizotinib to PBC 
were substantially met. In other trials, switching patterns are more complicated,33 just like in our RWE study, and not one 
single method guarantees that OS adjustment can be attributed to the therapies patients were initiated on. While we attempted 
to conduct adjustment for treatment switching on OS in the three study cohorts using RPSFT, the results (not shown) were not 
informative, as the common treatment-effect assumption of the method was violated (ie, the assumption that switching to 
another TKI or other subsequent line of therapy post progression will show the same therapeutic benefit as before the switch 
was violated). While inverse probability-of-censoring weights is another method to adjust for treatment switching, its 
implementation may also be limited, especially in small samples, if the proportion of patients who switched is very high 
and if there are unmeasured confounders.34

In recent years, there has been faster development of novel cancer agents, which usually target later lines of treatment for 
patients with advanced disease as their first indication. This has led to an increased use of novel agents as subsequent therapies, 
resulting in methodological challenges to discern the effect of initial treatments from that of subsequent therapies.35 The 
aforementioned points thus contribute to the limitations of OS as an endpoint to demonstrate long-term treatment benefit.5 

While OS is an important endpoint in measuring the value of therapies and what matters to patients, with more therapies and 
multiple lines of therapy, it is often difficult to use OS as a clear measure of treatment effect. Therefore, further consideration 
should be given to other clinical endpoints that are important to health-care workers, prescribers, and patients.36,37

Discussions on the use of pragmatic and measurable endpoints before treatment switching will be further strengthened 
by the development of health-policy frameworks related to non-OS endpoints and their facilitated integration into the 
regulatory and payer decision-making process.27 With regulatory bodies and reimbursement agencies shifting to make 
RWE a more central factor in decision-making,38,39 the need for more readily available RWE measures of efficacy is 
paramount.11

Our RWE study is not without limitations. Only about a third of PBC patients had their mutation status measured 
before treatment initiation, compared to three times as many among TKI patients, which may confound results on 
treatment duration and likelihood of switching among PBC patients. Also, treatment provided in hospitals or any other 
setting outside the cancer clinic in the Flatiron database could not be observed and may have resulted in misclassification 
of treatment and outcomes. Information on surgery (including thoracic surgery) and radiation therapy was not available 
in the data, nor were there data on adverse events. Similarly, comorbidities that are treated outside the cancer setting are 
largely underreported in the Flatiron database, preventing adequate adjustment for such factors in the analyses. Last but 
not least, more exact matching of the EGFR cohorts on year of diagnosis could have reduced any unobserved bias in 
treatment assignment, although if we had done so, this would have substantially reduced the sample size of the study. 
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Given the rapidly progressing nature of aNCLSC, however, these potential sources of bias are a relatively minor concern 
in affecting the observed treatment benefit in our study.

Conclusion
Using TKI treatments for aNSCLC as a case study, we conclude that relative TTD evaluated in RWE conveys a benefit 
similar to that observed via PFS in the RCTs. This implies that the benefits seen in accelerated approvals based on PFS 
may hold true in real life and that differences in TTD may be a good RWE proxy for PFS. However, similarly to clinical 
trials, long-term OS gains in RWE were not observed for frontline TKI initiations compared to chemotherapy, due to 
a great deal of treatment switching to subsequent therapy.
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