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Abstract

Background Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR TKIs) are established first-line treatments
among patients with metastatic non-small cell lung cancer harboring EGFR-sensitizing mutations. Upon EGFR TKI resist-
ance, there are scant data supporting a standard of care in subsequent lines of therapy.

Objective We aimed to characterize real-world treatment patterns and adverse events associated with hospitalization in later
lines of therapy.

Methods This retrospective analysis of administrative claims included adults with metastatic non-small cell lung cancer who
initiated a next line of therapy (index line of therapy) following EGFR TKI and platinum-based chemotherapy discontinua-
tion on/after 1 November, 2015. Treatment regimens and adverse event rates during the index line of therapy were described.
Results Among 195 eligible patients (median age: 59 years; female: 60%), the five most common index line of therapy regi-
mens were immune checkpoint inhibitor monotherapy (29%), EGFR TKI monotherapy (21%), platinum-based chemotherapy
(19%), non-platinum-chemotherapy (13%), and EGFR TKI combinations (9%). The overall median (95% confidence inter-
val) time to discontinuation of the index line of therapy was 2.8 (2.1-3.2) months. Common adverse events associated with
hospitalizations included infection/sepsis, pneumonia/pneumonitis, and anemia (2.9, 2.8, and 2.0 per 100 person-months,
respectively).

Conclusions Among EGFR TKI-resistant patients who discontinued platinum-based chemotherapy, the duration of the next
line of therapy was short, treatment was highly variable, and re-treatment with EGFR TKIs and platinum-based regimens
was common, suggesting a lack of standard of care in later lines. Adverse event rates associated with hospitalization were
high, especially among platinum-treated patients. These results underscore the unmet need for new therapies in a later line
of treatment to reduce the clinical burden among patients in this population.
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Epidermal growth factor receptor-tyrosine kinase inhibi-
tors are established first-line treatments for patients

with metastatic non-small cell lung cancer harboring an
epidermal growth factor receptor-sensitizing mutation.
Upon epidermal growth factor receptor-tyrosine kinase
inhibitor resistance, there are scant data to support the
standard of care in subsequent lines of therapy.

This study found that after discontinuation of an epi-
dermal growth factor receptor-tyrosine kinase inhibitor
and platinum-based chemotherapy, the most common
subsequent treatment was immune checkpoint inhibitor
monotherapy (29%), and re-use of epidermal growth
factor receptor-tyrosine kinase inhibitor monotherapy
(21%) and platinum-based chemotherapy (19%) was
common. The most frequent adverse events associated
with hospitalizations included infection/sepsis, pneumo-
nia/pneumonitis, and anemia (2.9, 2.8, and 2.0 per 100
person-months, respectively).

In the absence of standard of care, treatment in the
subsequent line of therapy was highly variable, and the
time to treatment discontinuation was short [median
(95% confidence interval): 2.8 (2.1-3.2) months]. These
results underscore the unmet need for new therapies to
reduce the clinical burden among patients in this popula-
tion.

1 Introduction

Despite advances in therapy over the past decade, lung can-
cer remains the leading cause of cancer mortality in the USA
[1] and is associated with a substantial clinical burden. The
number of new lung cancer cases in the USA was estimated
to be 236,740 in 2022 [2], with direct costs for lung cancer
estimated at approximately $15 billion annually [3]. Non-
small-cell lung cancer (NSCLC) is the most common form
of lung cancer and comprises 80-85% of all cases [4]. Most
NSCLC cases are diagnosed at an advanced or metastatic
stage (i.e., 53-72% at Stages III or IV) [5-7], and NSCLC
with distant metastases at diagnosis is associated with a
5-year relative survival rate of just 6% [8]. Even for those
patients initially diagnosed with localized disease, nearly
half develop recurrent and/or metastatic disease after a com-
plete tumor resection [9].

Approximately 15% of US patients with metastatic
NSCLC (mNSCLC) and adenocarcinoma histology harbor

A\ Adis

an epidermal growth factor receptor (EGFR)-sensitizing
mutation (exon 19 deletions or exon 21 L858R mutations)
[10], with a higher prevalence among never-smokers or
former light smokers, and female or Asian patients. [11,
12] For patients with EGFR-sensitizing mutations, EGFR
tyrosine kinase inhibitors (EGFR TKIs) have demonstrated
superiority to chemotherapy in clinical trials [13], and for
most EGFR mutations they are the first-line treatment in
the USA per NCCN Clinical Practice Guidelines in Oncol-
ogy (NCCN Guidelines®; NCCN 2022) [14]. However, most
patients treated with EGFR TKIs eventually develop dis-
ease progression [15] and a platinum-based chemotherapy
regimen is a recommended subsequent treatment option for
those with symptomatic disease [14]. The standard of care
following disease progression on EGFR TKIs and platinum-
based chemotherapy is less clear.

Non-platinum chemotherapies (e.g., docetaxel with or
without ramucirumab, pemetrexed [for adenocarcinoma],
albumin-bound paclitaxel, or gemcitabine if not previously
given) are often recommended despite limited evidence on
clinical efficacy and treatment benefit [14, 16—19]. An under-
standing of the real-world treatment patterns and outcomes
of later lines of therapy (LOTs) will be informative to both
healthcare payers and providers and will help evaluate how
well existing treatments are meeting the needs of patients
with mNSCLC. To this end, this retrospective administrative
claim analysis aimed to characterize the treatment patterns
and adverse events (AEs) associated with the LOT that fol-
lowed discontinuation of EGFR TKI and platinum-based
chemotherapy regimens in US patients with EGFR-mutated
mNSCLC.

2 Methods
2.1 Data Source

This was a retrospective analysis of de-identified second-
ary medical and pharmacy claims of largely commercially
insured patients in the IQVIA PharMetrics® Plus Database
(January 2010-September 2019), a longitudinal health plan
database of adjudicated medical and pharmacy claims data
for individuals enrolled with national and regional US health
plans and self-insured employer groups. The database con-
tains de-identified data of more than 210 million enrollees
since 2006, including demographics, pharmacy, procedure,
and diagnostic codes associated with medical claims [20].
This study was conducted in accordance with ethical guide-
lines outlined in the Declaration of Helsinki. The research
protocol followed in this retrospective study used de-identi-
fied secondary administrative claims data that were collected
for routine medical care and billing purposes. These data
were compliant with the Health Insurance Portability and
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Accountability Act Privacy rule, and thus did not require
Institutional Review Board review [per Code of Federal Reg-
ulations Title 45, Subtitle A, Subchapter A, Part 46, Subpart
A, §46.104(d)(4)(iii)]. It was not possible to contact patients
for informed consent because the data were de-identified.

2.2 Study Design
2.2.1 Sample Selection

Patients were eligible for inclusion if they fulfilled the fol-
lowing criteria: (1) had one or more medical claims with a
lung cancer diagnosis code (International Classification of
Diseases, Ninth Edition [ICD-9]: 162.2-162.9; International
Classification of Diseases, 10th Edition [ICD-10]: C34.x)
between January 2010 and September 2019; (2) had one or
more medical claims with a secondary malignancy diag-
nosis code, suggesting the presence of metastatic disease
(ICD-9: 196.x-198.x; ICD-10: C77.x-C79.x) after the lung
cancer diagnosis date (the first medical claim for a second-
ary malignancy was defined as the metastatic lung cancer
diagnosis date); (3) were aged > 18 years at the metastatic
lung cancer diagnosis date; (4) had > 6 months of continu-
ous enrollment prior to the metastatic lung cancer diagnosis
date; (5) had one or more prescription drug claims for an
EGFR TKI (proxy identifier for EGFR-mutated NSCLC;
including afatinib, dacomitinib, erlotinib, gefitinib, and
osimertinib); (6) had no medical claims for other primary
cancers (ICD-9: 140.xx-162.0, 163.xx-172.xx, 174.xx-195.
xx, 200.xx-209.36; ICD-10: C00.xx-C33.xx, C35.xx-C43.
xx, C45.xx-C76.xx, C81.xx-C96.xx) during the 6 months
prior to the metastatic lung cancer diagnosis date, exclud-
ing the month immediately preceding this date when a can-
cer diagnosis could have reflected a rule-out diagnosis; and
(7) had one or more medical claims for a platinum-based
chemotherapy. The study sample included all patients who
initiated a subsequent LOT on or after 13 November, 2015
after discontinuing the first EGFR TKI (or, if more than one
EGFR TKI was used and included osimertinib, then the first
discontinuation of osimertinib) and platinum-based chemo-
therapy regimens (in the same LOT or in sequential LOTs).
Patients were also required to have a > 1 month continuous
enrollment after the subsequent LOT initiation.

2.2.2 LOTs

A treatment-based claims algorithm was applied to identify
antineoplastic LOTs after the metastatic lung cancer diag-
nosis date. Combination regimens were defined as any new
drug that was filled/administered within 14 days of a previ-
ous drug fill or administration. Termination of a LOT was
defined as the discontinuation of all agents in a regimen
for > 60 days, or when a new agent was added (triggering

advancement to a new LOT). A discontinued agent within
a combination regimen did not advance the LOT. The LOT
immediately after EGFR TKI and platinum-based chemo-
therapy discontinuation was defined as the index LOT.

The identification period for the index LOT was between
November 2015 and September 2019. As osimertinib was
initially approved by the US Food and Drug Administration
(13 November, 2015) for the treatment of EGFR T790M
mutation-positive NSCLC after progression on prior EGFR
TKI therapy [21], patients who initiated osimertinib after
receiving a first-generation or second-generation EGFR TKI
were included after they discontinued both osimertinib and
platinum-based chemotherapy. The follow-up period began
at the index date (i.e., initiation date of the index LOT) and
ended at the first of the end of continuous insurance eligibil-
ity or data availability (Fig. 1).

2.2.3 Treatment Groups

Index LOTs were classified into seven mutually exclusive
treatment groups: (1) EGFR TKI monotherapy; (2) EGFR
TKI combination (all other EGFR TKI-containing regi-
mens); (3) platinum-based chemotherapy (+ immune check-
point inhibitor); (4) non-platinum-based chemotherapy (+
immune checkpoint inhibitor; no platinum-based chemo-
therapy); (5) vascular endothelial growth factor receptor
(VEGF/R) inhibitors plus any chemotherapy (+ immune
checkpoint inhibitor); (6) immune checkpoint inhibitor
monotherapy; and (7) other regimens.

2.3 Measurements and Statistical Analyses
2.3.1 Patient Characteristics

Patient characteristics (i.e., demographics, payer type, year
of the index date, selected comorbidities observed 6 months
prior to the index date, and National Cancer Institute Comor-
bidity Index score [22]) were summarized overall and by the
index LOT regimen. The National Cancer Institute Comor-
bidity Index differs from the Charlson Comorbidity Index in
that it was designed for use with administrative data, exclud-
ing cancer diagnoses as comorbid conditions, and does not
attribute points based on patient age [22].

2.3.2 Time to Discontinuation
The median time to discontinuation of the index LOT was
measured from treatment initiation until discontinuation

(event) or the end of the follow-up (censoring) using a
Kaplan—Meier analysis.
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Data years available: Jan 2010 to Sept 2019

A
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Fig. 1 Study design. “Patients who initiated osimertinib after another
epidermal growth factor receptor tyrosine kinase inhibitor (EGFR
TKI) were included in the study after osimertinib discontinuation;
®baseline use of EGFR TKI and platinum-based chemotherapy can
be sequential or concurrent; ‘observed duration of a line of therapy
(LOT) was defined as the time from the initiation of the LOT until
the LOT discontinuation (for patients who discontinued) or the end of

2.3.3 AEs Associated with Hospitalization

The observation period for AE outcomes started from the
initiation of the first drug in the index LOT regimen and
extended to 60 days after discontinuation of the index LOT
regimen (for patients who discontinued) or the end of the
follow-up (for patients still receiving treatment at the end of
the follow-up), or the day prior to the beginning of the next
LOT if the patient had less than 60 days between the index
LOT discontinuation and the next LOT start. The 60-day
observation period was added after index LOT discontinua-
tion to provide sufficient time to account for any treatment-
related AEs that might have triggered the discontinuation
of the index LOT.

Pre-specified AEs commonly associated with mNSCLC
treatment in the literature [23-25] (e.g., infection/sepsis,
pneumonia/pneumonitis, anemia, nausea and/or vomiting,
constipation, fever, hypothyroidism, fatigue/asthenia, diar-
rhea, thrombocytopenia) were identified based on diagno-
sis codes (Table 1 of the Electronic Supplementary Mate-
rial [ESM]) observed in any position during an inpatient
admission and were reported per 100 person-months. The
most common AEs associated with hospitalizations were
reported.

3 Results
3.1 Characteristics of Patients in the Study Sample
A total of 195 eligible patients were included in the study

(Fig. 2). The median age of the study sample at index LOT
initiation was 59 years; 60.0% of patients were female, and
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and platinum-chemo®*®

of data availability

the follow-up (for patients still on treatment at the end of the follow-
up). The measurement period for outcomes was the observed duration
of the index LOT plus 60 days, or prior to the beginning of the next
LOT if <60 days, to account for any treatment-related AEs that may
have resulted in index treatment discontinuation. chemo chemother-
apy, LC lung cancer, mLC metastatic lung cancer

39.5% of patients resided in the US South (Table 1). Over-
all, 59.0% of patients had commercial insurance, 38.5%
were self-insured (through employer groups), and 1.5%
had either Medicare or Medicaid. The mean National Can-
cer Institute Comorbidity Index score was 1.4 (standard
deviation [SD]: 1.7), and the most common comorbid con-
ditions were hypertension (37.4%) and chronic obstruc-
tive pulmonary disease (26.7%). The index date occurred
between 2015 and 2017 for 59% and between September
2018 and 2019 for 41% of patients.

3.2 Treatment Patterns
3.2.1 Pre-Index LOT Regimens

The mean time from mNSCLC diagnosis to initiation of
the index LOT was 21.4 (SD: 13.9) months and patients
received an average of 2.8 (SD: 1.0) LOTs during this
time period (Table 2). More than half (56.4%) of patients
were treated with a platinum-based chemotherapy regi-
men before their first EGFR TKI therapy; 2.6% of patients
received both therapies concurrently. Patients received
on average 1.5 (SD: 0.7) pre-index LOTs with an EGFR
TKI; erlotinib (n = 125; 64.1%) and osimertinib (n = 88;
45.1%) were most frequently prescribed. Immune check-
point inhibitor prescribing was also noted among the
pre-index regimens. Overall, 22.6% (n = 44) of patients
had exposure to a pre-index immune checkpoint inhibitor
either as monotherapy (10.3% [n = 20]), in combination
with platinum-based chemotherapy (11.3% [n = 22]), or in
combination with other agents (1.0% [n = 2]).
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Patients with =1 ICD-9/10 code for LC®in the IQVIA PharMetrics® Plus Database (01/2010-09/2019)
N = 240,043

Patients with 21 ICD-9/10 code for secondary malignancyb after the first LC diagnosis
(metastatic LC diagnosis date = date of the first diagnosis of secondary malignancy)
N = 119,913 (50.0%)

Patients with 26 months of continuous insurance eligibility before the metastatic LC diagnosis date (wash-out period)

N = 87,046 (72.6%)
I

Patients aged 218 years at the metastatic LC diagnosis date
N = 86,740 (99.6%)

Patients with 21 pharmacy claim for an EGFR-TKI®
N = 1,767 (2.0%)

Patients without diagnosis for primary cancer other than LCin the 6 months before the metastatic LC diagnosis date®
N = 1,578 (89.3%)

I
STUDY SAMPLE
Patients who initiated subsequent LOT (post-11/2015) after failing EGFR TKI and platinum-based chemotherapy
and had =1 month continuous enrollment after the new LOT initiation
(index date = new LOT initiation)
N =195

Fig.2 Selection of study sample. “Lung cancer codes: ICD-9/10
International Classification of Diseases, Ninth Edition (ICD-9)
162.2-162.9; ICD-9/10 International Classification of Diseases,
Tenth Edition (ICD-10) C34.x; ®secondary malignancy codes: ICD-9
196.xx-198.xx; ICD-10: C77.x—C79.x; “used as a proxy for epider-
mal growth factor receptor (EGFR)-mutated non-small cell lung can-

3.2.2 Index LOT Regimens

Following discontinuation of EGFR TKI and platinum-
based chemotherapy, 36.9% (n = 72) of patients received
an immune checkpoint inhibitor in the overall cohort, and
retreatment with an EGFR TKI (n = 59; 30.3%) and/or plat-
inum-based chemotherapy (n = 54; 27.7%) was common.
Most patients (n = 153; 78.5%) started a new LOT at the
index (i.e., no common drugs with the immediately prior
LOT), 19.0% (n = 37) continued the immediately prior LOT
with some modification at the index (i.e., adding, switch-
ing, or discontinuing at least one medication), and 2.6% (n
= 5) used the same regimen as the immediately prior LOT
at the index but had a treatment gap of more than 60 days
(not shown).

The most common index LOT regimen was immune
checkpoint inhibitor monotherapy (n = 57; 29.2%), followed
by EGFR TKI monotherapy (n = 41; 21.0%), platinum-
based chemotherapy (n = 37; 19.0%), non-platinum-based
chemotherapy (n = 25; 12.8%), EGFR TKI combination (n
= 18; 9.2%), VEGF/R plus chemotherapy (n = 14; 7.2%),
and other regimens (n = 3; 1.5%) with or without an immune
checkpoint inhibitor (Fig. 3). Overall, the most frequently
prescribed agents in the index LOT were pemetrexed
(25.1%), carboplatin (24.6%), nivolumab (23.6%), and pem-
brolizumab (12.3%). Afatinib, erlotinib, and osimertinib

cer (NSCLC); included afatinib, dacomitinib, erlotinib, gefitinib, and
osimertinib; Yexcluding the month immediately preceding the meta-
static lung cancer (LC) diagnosis date when a cancer diagnosis could
have reflected a rule-out diagnosis. LOT line of therapy, TKI tyrosine
kinase inhibitor

were prescribed for 10%, 10%, and 9% of patients, respec-
tively (Fig. 4).

Among patients who received EGFR TKI monotherapy
as the index LOT (n = 41), 43.9% (n = 18) had been treated
with the same EGFR TKI and 68.3% (n = 28) had received
a different EGFR TKI agent (vs the index agent) in a prior
LOT (Fig. 5). Of patients who received an EGFR TKI as
combination therapy at the index (n = 18), most were re-
treated with an EGFR TKI that had been previously pre-
scribed (n = 16; 88.9%), and most had also been previously
treated with a different EGFR TKI agent (n = 16; 88.9%).
For patients treated with a platinum-based chemotherapy
regimen in the index LOT (n = 37), 70.3% (n = 26) had
received the same platinum agent in a prior LOT. Only
35.1% (n = 13) of patients received a different platinum
agent in a prior LOT.

3.2.3 Index LOT Duration

The median study follow-up time after index LOT initia-
tion was 6.9 (interquartile range 3.5-11.8) months, and
26.2% of patients were still receiving their index LOT
at the end of the study follow-up. The overall median
(95% CI) time to discontinuation of the index LOT was
2.8 (2.1-3.2) months (Table 3). At the regimen level,
EGFR TKI combinations had the longest median time to

A\ Adis



536

E. Marrett et al.

Table 1 Baseline characteristics

Study sample Index LOT regimen®

N=195 EGFR TKI based Chemotherapy based ICI monotherapy
EGFR TKI EGFR TKI Platinum-based Non-platinum- Chemo- N=357
monother-  combina- chemotherapy  based chemo- therapy+
apy tion N=37 therapy VEGF/R
N=41 N=18 N=25 N=14
Demographic characteristics
Age, years, median (Q1, 59 (54, 64) 57 (50,63) 59 (51,61) 58(52,63) 62 (58, 68) 61 (51,65) 60 (56, 64)
Q3)
Female, % 60.0 65.9 61.1 56.8 64.0 35.7 61.4
US region, %
South 39.5 48.8 222 37.8 48.0 28.6 40.4
Midwest 25.6 19.5 50.0 27.0 12.0 429 24.6
Northeast 174 244 222 13.5 20.0 7.1 15.8
West 17.4 7.3 5.6 21.6 20.0 214 19.3
Payer type,® %
Commercial 59.0 58.5 72.2 67.6 48.0 50.0 56.1
Self-insured (through 38.5 36.6 27.8 324 52.0 50.0 38.6
employer groups)
Medicaid or Medicare 1.5 24 0.0 0.0 0.0 0.0 35
Year of index date, %
2015-17 59.0 56.1 44.4 48.6 56.0 50.0 75.4
2018/2019 41.0 43.9 55.6 514 44.0 50.0 24.6
Clinical characteristics
NCICI,C mean + SD 14+1.7 1.5+19 1.0+ 1.6 1.6+1.6 12+14 1.0+ 14 1.7+1.7
Selected comorbidities, %
Hypertension 374 24.4 33.3 37.8 36.0 50.0 45.6
COPD 26.7 22.0 222 243 28.0 14.3 36.8
Arrhythmias 18.5 14.6 5.6 21.6 28.0 28.6 17.5
Depression 17.9 14.6 5.6 16.2 28.0 14.3 21.1
Mild liver disease 16.4 19.5 11.1 21.6 20.0 7.1 14.0
Pulmonary circulation 15.9 12.2 27.8 13.5 24.0 14.3 12.3
disorders
Coagulopathy 13.8 9.8 11.1 16.2 28.0 14.3 10.5
Alcohol/drug use disor- 12.8 12.2 11.1 10.8 20.0 0.0 14.0
ders
Hypothyroidism 12.3 17.1 0.0 13.5 16.0 214 7.0
Peripheral vascular 10.8 7.3 16.7 16.2 4.0 7.1 12.3
disease

COPD chronic obstructive pulmonary disease, EGFR TKI epidermal growth factor receptor tyrosine kinase inhibitor, /CI immune checkpoint
inhibitor, LOT line of therapy, NCICI National Cancer Institute Combined Index, Q1 quartile 1, Q3 quartile 3, SD standard deviation, VEGF/R

vascular endothelial growth factor/receptor

#Patients treated with other index LOT regimens (i.e., those otherwise not listed) are not shown because of the small sample (n = 3)

“Unknown category (1%) not shown

“Measured in the 6 months pre-index date

dper Elixhauser et al. [50] and Klabunde et al. [51] with a prevalence > 10%

discontinuation at 6.5 (3.1-not estimable) months, and
EGFR TKI monotherapy was 3.1 (2.2-5.5) months. How-
ever, the median times to discontinuation for platinum-
based chemotherapy, non-platinum-based chemotherapy,
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and immune checkpoint inhibitor monotherapy were all
relatively short [1.6 (0.7-3.7), 1.4 (0.3-3.9), and 2.1
(1.4-3.2) months, respectively].
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Table 2 Pre-index LOTs in the
metastatic NSCLC setting®

Study sample

N=195

Pre-index period duration,? months, mean + SD 214+ 139
Number of pre-index LOTs, mean + SD 28+ 1.0

1LOT, % 1.5

2 LOTs, % 46.2

3+ LOTs, % 523
EGFR TKI and platinum chemotherapy patterns
Pre-index EGFR TKl/platinum-based chemotherapy sequence, %

First EGFR TKI before first platinum-based chemotherapy 41.0

First platinum-based chemotherapy before first EGFR TKI 56.4

Concurrently 2.6
Number of pre-index EGFR TKI LOTs®, mean + SD, % 1.5+0.7

1LOT 65.1

2LOTs 27.2

3+ LOTs 7.7
Patients with > 1 pre-index LOT containing, %

Afatinib 21.5

Dacomitinib 0

Erlotinib 64.1

Gefitinib 2.6

Osimertinib 45.1

EGFR TKI epidermal growth factor receptor tyrosine kinase inhibitor, LOT line of therapy, NSCLC, non-
small cell lung cancer, SD standard deviation

“By design, all included patients have used EGFR TKIs and platinum-based chemotherapy pre-index (in

same LOT or different LOTSs)

®From the metastatic NSCLC diagnosis to the index date

“Includes both monotherapy and combination therapy with EGFR TKIs

3.3 AEs Associated with Hospitalizations

Overall, the most common AEs associated with inpa-
tient admissions during the index LOT were infection/
sepsis (2.9 events per-100-person-months on average),
pneumonia/pneumonitis (2.8), and anemia (2.0) [Fig. 6
and Table 2 of the ESM]. Patients in the platinum-based
chemotherapy group experienced the highest total number
of AEs associated with hospitalization (26.3).

During the index LOT, infection/sepsis and pneumonia/
pneumonitis associated with hospitalizations occurred fre-
quently in the platinum-based chemotherapy (5.7 and 5.0
events per 100 person-months, respectively) and immune
checkpoint inhibitor monotherapy (3.2 and 3.6) groups.
Anemia was common among patients treated with immune
checkpoint inhibitor monotherapy (3.2) and both types of
chemotherapies (non-platinum based 2.8; platinum based
2.1); thrombocytopenia (2.9) and fatigue (2.1) were most
frequent in the platinum-based chemotherapy group.
Among patients treated with EGFR TKI monotherapy at
the index, nausea and/or vomiting was the most frequent
AE associated with hospitalization (1.6); hepatic toxicity

(1.2) and diarrhea (0.8) were also present; however, there
were no skin toxicity events recorded.

4 Discussion

To our knowledge, this retrospective claim database analysis
is the first to characterize the real-world treatment patterns
and AEs associated with the LOT following discontinuation
of EGFR TKI and platinum-based chemotherapy regimens
among patients with EGFR-mutated mNSCLC in the USA.
Our study showed that a broad range of treatments were
used in the index LOT, reflecting the lack of an established
standard of care following discontinuation of EGFR TKI and
platinum-based chemotherapy. Current NCCN Guidelines®
recommended subsequent systemic therapies including doc-
etaxel with or without ramucirumab, pemetrexed (for adeno-
carcinoma), albumin-bound paclitaxel (for squamous), or
gemcitabine if the agent was not previously given and the
patient maintains a good performance status [14]. How-
ever, only 13 and 7.2% of patients in this study were treated
with a non-platinum-based chemotherapy or VEGF/R plus
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Fig. 3 Index line of therapy Other
regimens. chemo chemotherapy, N= 3, 1.5%
combo combination, EGFR TKI
epidermal growth factor recep-
tor tyrosine kinase inhibitor, /CI
immune checkpoint inhibitor,
LOT line of therapy, mono mon-
otherapy, plat platinum-based,
VEGF/R vascular endothelial
growth factor/receptor

EGFR TKI mono
N=41, 21.0%

ICl mono
N=57, 29.2%

VEGF/R + chemo
N=14, 7.2%
(+ICI n=2)

(+plat chemo n=7)

30 EGFRTKI
~ Chemotherapy
25% 259 ICI
25 % 24% VEGF/R
2
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Fig.4 Common agents used in the index line of therapy (LOT) regi- growth factor receptor tyrosine kinase inhibitor, /CI immune check-
mens (either as monotherapy or in combination with other agents). point inhibitor, VEGF/R vascular endothelial growth factor receptor

Agents with a > 3% frequency are shown. EGFR TKI epidermal

chemotherapy, respectively, post-EGFR TKI and platinum- A trial of docetaxel versus best supportive care in advanced
based chemotherapy discontinuation, possibly reflecting the ~ NSCLC previously treated with platinum-based chemother-
limited benefit of these therapies for patients with mNSCLC.  apy reported that median overall survival was extended by
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80.0
70.3%

) 70.0
c
2 60.0
©
o
‘s 50.0
-
c
§ 40.0 35.1%
[
2 30.0

20.0 n=11

10.0 n=9

0.0 n=2

Platinum-based chemotherapy regimen (N=37)

Fig.5 Reutilization of epidermal growth factor receptor tyrosine
kinase inhibitor [EGFR TKI] (A) and platinum-based chemother-
apy (B) in the index line of therapy (LOT). The EGFR TKI agents

just over 2 months with docetaxel (7.0 vs 4.6 months) [26].
Other trials of docetaxel plus ramucirumab, pemetrexed,
or gemcitabine have similarly noted limited improvements
in median progression-free survival or overall survival in
patients receiving these treatments versus placebo. [27-30]

included afatinib, erlotinib, gefitinib, and osimertinib. Platinum-based
chemotherapy (Plat-chemo) agents included carboplatin and cisplatin

Approximately half of the patients in this study were
retreated with either an EGFR TKI or platinum-based
chemotherapy regimen after prior discontinuation of these
agents. Continuation of EGFR TKIs beyond disease pro-
gression is recommended by the current NCCN Guidelines
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Table 3 Duration of follow-up and time to treatment discontinuation for the index LOT

Index LOT? Patients, n (%)

of follow—upb, months

Median [IQR] Duration  Patients on the index LOT
at end of the follow-up, %

Median [95% CI] time to
treatment discontinuation®,
months

Study sample 195 (100%) 6.9 [3.5-11.8]
Regimens
EGFR TKI based
EGFR TKI monotherapy 41 (21.0%) 8.3 [4.1-16.6]
EGFR TKI combination 18 (9.2%) 5.4 [4.0-8.4]
Chemotherapy based
Platinum-based chemotherapy 37 (19.0%) 6.5[4.4-12.0]
Non-platinum-based chemotherapy 25 (12.8%) 5.6 [2.8-9.0]
VEGF/R + chemotherapy 14 (7.2%) 8.9 [4.7-14.4]
ICI based
ICI monotherapy 57 (29.2%) 6.1[2.8-11.9]

26.2 2.8 [2.1-3.2]
39.0 3.1[2.2-5.5]
55.6 6.5 [3.1-NE]
135 1.6 [0.7-3.7]
24.0 1.4 [0.3-3.9]
14.3 2.3[0.03-3.5]
17.5 2.1[1.4-3.2]

CI confidence interval, EGFR TKI epidermal growth factor receptor tyrosine kinase inhibitor, /CI immune checkpoint inhibitor, /QR interquar-
tile range, LOT line of therapy, NE not estimable, VEGF/R vascular endothelial growth factor/receptor

“Index LOT regimens represent the first regimens initiated after the EGFR TKI and platinum-based chemotherapy discontinuation in a meta-

static NSCLC setting; other treatment regimen (n = 3) not shown

"Measured from index LOT initiation to the end of the follow-up

“Measured from the initiation of the index LOT until discontinuation (event) or the end of the follow-up (censoring), and obtained from a

Kaplan—Meier analysis

All (N=195)

EGFR TKI mono (N=41)

B s

EGFR TKI combo (N=18)
Plat chemo (N=37) [

Non-plat chemo (N=25)

VEGF/R + chemo (N=14)

B e e
I I N

0 5 10

ICI mono (N=57)

15.1

u Infection/sepsis
Pneumonia/pneumonitis
®Anemia
Nauseal/vomiting
. - u Constipation
Fever
16.8 = Hypothyroidism
Fatigue/asthenia
m Diarrhea

Thrombocytopenia

b s

15 20 25

Average AE rates per-100-person-months

Fig.6 Common adverse events (AEs) associated with hospitalization
during the index line of therapy (LOT). Patients treated with “other”
index LOT regimens (n = 3) are not shown because of the small sam-
ple. Only the first occurrence of the AE was counted (i.e., based on
the first inpatient admission at any diagnosis position because diag-
noses observed on distinct days could be part of the same AE epi-
sode) for each of the ten most frequent AEs. The number at the end
of each bar represents the total rate of AEs for the ten most frequent

for patients who experience disease progression upon TKI
discontinuation (flare phenomenon) in which case the EGFR
TKI might be restarted [14]. Rechallenge with EGFR TKIs

A\ Adis

AEs. Adverse events were measured over the observed duration of the
index LOT plus 60 days (or prior to the beginning of the next LOT if
< 60 days) to account for any treatment-related AEs that may have
resulted in index treatment discontinuation. chemo chemotherapy,
combo combination, EGFR TKI epidermal growth factor receptor
tyrosine kinas inhibitor, /CI immune checkpoint inhibitor, mono mon-
otherapy, plat platinum, VEGF/R vascular endothelial growth factor/
receptor

has also been discussed in the literature [16—19, 31, 32]. In
their review of EGFR resistance mechanisms in lung cancer,
Tumbrink et al. noted that several on-target EGFR mutations
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that promote resistance to osimertinib remain sensitive to
first-generation and second-generation EGFR inhibitors and
suggest that rechallenging patients with these agents could
be an effective strategy [16]. Rechallenging with EGFR
TKIs in selected patients may improve tolerability relative
to immune checkpoint inhibitor or cytotoxic therapies [24,
33]. Additional literature has discussed a rechallenge with
EGFR TKIs, often as case studies or in small cohorts, not-
ing that this approach is occasionally effective [17-19, 31,
32]. While a rechallenge may be effective in some cases, it
highlights the lack of effective alternative treatment options
in later LOTs as well as our limited knowledge on the opti-
mal sequence of EGFR TKIs among patients with EGFR-
mutated mNSCLC [34].

In this study, the use of an immune checkpoint inhibi-
tor in the index LOT was high; approximately one third of
patients (29.2%) received monotherapy, and an additional
7.7% received an immune checkpoint inhibitor in combina-
tion with other agent(s). Moreover, 75% of patients in the
immune checkpoint inhibitor monotherapy treatment group
had an index year prior to 2018. During the first half of the
study observation period, pembrolizumab had a 2017 NCCN
recommendation for patients who progressed on EGFR-
TKIs, had multiple lesions, tested T790M negative, and were
programmed death-ligand 1 (PD-L1) [> 50%] positive [35].
However, beginning in early 2018, the NCCN Guidelines
(version 2.2018) noted that data in the second-line setting
suggest that programmed cell death protein 1/PD-L1 inhibi-
tors may be less effective in EGFR-mutated (i.e., exon 19,
L858R exon 21) NSCLC, irrespective of PD-L1 expression
[36, 37].

In our study, the overall median time to index LOT dis-
continuation was only 2.8 months, underscoring the limited
efficacy and tolerability of existing treatment options in the
later line setting. This finding is consistent with median
treatment durations observed for ramucirumab plus doc-
etaxel (12 weeks) [27] and nivolumab (2.6 months) [38]
in clinical trials of treatment for mNSCLC after platinum-
based chemotherapy. In addition, this finding is consistent
with a retrospective cohort study by Arunachalam et al. of
older patients (aged >65 years) with stage IIIB/IV disease
who received second-line therapy after first-line platinum-
based chemotherapy during 2007-13; the median time to
second-line discontinuation was 2.7 months [39]. However,
in the current study, time to treatment discontinuation was
well above the median for patients who received EGFR TKI
combinations (6.5 months). Additional studies in a larger
sample population are needed to determine the validity of
this result.

Inpatient admissions associated with diagnoses of known
AEs of antineoplastic therapies were consistent with pre-
vious clinical trial data and were observed at exposure-
adjusted incidence rates that ranged from 6.7 to 26.4 events

per 100 person-months across treatment groups. Patients
who received platinum-based chemotherapy experienced the
highest total number of AEs associated with hospitalization,
possibly because platinum-based chemotherapy was fre-
quently used in combination in this study. A meta-analysis
of 22 trials by Magee et al. compared immune checkpoint
inhibitors (pembrolizumab, nivolumab, and atezolizumab)
with chemotherapy for solid organ tumors (half of which
were in lung cancer) and found that 41.1% of patients receiv-
ing chemotherapy experienced grade 3 or higher AEs ver-
sus 16.5% of those treated with immune checkpoint inhibi-
tors [40]. Similarly, EGFR TKIs have been shown to have
fewer associated grade 3 or higher AEs and lower toxicity
compared with chemotherapy in the clinical trials of gefi-
tinib [41], erlotinib [42], and osimertinib [43] monother-
apy. Although skin toxicities have been previously reported
to be common with EGFR TKIs [44, 45], there were no such
events associated with hospitalization in this study. How-
ever, some patients who received EGFR TKI monotherapy
experienced infection or sepsis, albeit at a lower rate than in
the platinum-based chemotherapy treatment group as noted
in prior real-world studies. [24] Finally, a high AE rate was
noted for the EGFR TKI combination group. This may be
because of the additive effect of treatment with multiple
agents, but the sample size of this treatment group was small
(n = 18) and further research is needed to confirm this find-
ing. Findings from this study demonstrate that the AE bur-
den is considerable among patients in later lines of therapy.
Future treatments that provide improved tolerability profiles
may help to improve patient quality of life and reduce the
economic burden to the healthcare system.

The results of this study are subject to several limita-
tions; some are common among claims database analyses
such as coding errors, which may lead to misclassification
of treatment groups and study outcomes. First, biomarker
and histology information were unavailable in claims data,
so treatment with EGFR TKI therapy was used as a proxy
to identify EGFR-mutated NSCLC. Thus, patients with
EGFR-mutated mNSCLC not treated with an EGFR TKI
were excluded. Second, the reasons for discontinuation of
prior EGFR TKI and platinum-based chemotherapy regi-
mens were unavailable in the database, and their influence
on the subsequent treatment is unknown. Third, this study
examined the next LOT after EGFR TKI and platinum-
based chemotherapy discontinuation starting in November
2015 (i.e., after osimertinib became US Food and Drug
Administration approved for second-line treatment, with
an expansion in 2018 to first-line treatment for adults with
mNSCLC whose tumors have exon 19 deletions or exon
L858R mutations). As a result, the treatment sequence of
EGFR TKIs observed in this study may not reflect current
clinical practice. Fourth, a claims-based algorithm was
used to infer LOTs based on the start and end of therapies

A\ Adis



542

E. Marrett et al.

observed in the data, which may have led to misclassi-
fication of the LOT regimens for some patients. Fifth,
only AEs that were identified during an inpatient hospital
admission and not those managed outside of the hospital
setting were presented; as a result, AE rates (e.g., fatigue)
may be underestimated. Moreover, some AEs may have
been pre-existing conditions, or associated with a previous
LOT. Sixth, the sample sizes were small for several treat-
ment groups; therefore, the results stratified by treatment
group should be interpreted with caution. Seventh, patient
performance status was not available in the administrative
claims data and therefore it is unclear how the patient mix
may have influenced treatment outcomes. Finally, this is a
descriptive study that examined trends and numerical dif-
ferences without statistical testing as no a priori hypothesis
was considered.

Several new therapies are currently in development
(e.g., patritumab deruxtecan [ClinicalTrials.gov identifier:
NCT03260491] [46], RRx-001 [NCT02489903], and laz-
ertinib plus amivantamab [NCT04077463] [47]) [48, 49]
that may help to address the unmet need for patients with
EGFR TKI-resistant mNSCLC. Moreover, further research
is needed to assess the efficacy and sequencing of EGFR
TKI reutilization in later lines of therapy, as well as the
efficacy of immune checkpoint inhibitors in patients with
EGFR mutations.

5 Conclusions

Among EGFR TKI-resistant patients with mNSCLC who
discontinued platinum-based chemotherapy, treatment
in the subsequent LOT was highly variable, suggesting
the absence of a standard of care, and the median time
to discontinuation was short, indicating that the benefit
to patients was limited. Treatment with immune check-
point inhibitor monotherapy and retreatment with an
EGFR TKI or platinum-based chemotherapy agent was
common. The occurrence of AEs associated with hospi-
talization was high, especially among patients receiving
platinum-containing regimens compared to EGFR TKI or
immune checkpoint inhibitor monotherapies. These results
highlight the unmet need for new therapies to reduce the
clinical burden among these patients. The present study
may serve as a benchmark to assess the effectiveness of
future therapies in this underserved patient population.
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