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ABSTRACT

Introduction: Although tyrosine kinase inhibitors (TKIs)
are effective against NSCLC harboring sensitizing EGFR gene
mutations, acquired resistance is inevitable. Preclinical
studies suggest that combining EGFR TKI and monoclonal
antibody therapies may have activity in EGFR-mutated
NSCLC that has progressed on TKI therapy alone. Therefore,
we prospectively evaluated afatinib plus necitumumab in
patients with EGFR-mutated NSCLC.

Methods: This was a phase 1, dose-escalation, dose-
expansion trial assessing the safety and efficacy of afatinib
plus necitumumab. Patients had advanced or metastatic
EGFR-mutated NSCLC with progression after (1) first-
generation TKI if T790M negative, (2) subsequent line
third-generation TKI if T790M positive, or (3) third-
generation TKI in the first-line setting. Dose-escalation
followed a 3þ3 design. The primary end point of dose-
expansion was objective response rate.

Results: A total of 22 patients with EGFR-mutated NSCLC
were enrolled. The maximum tolerated dose was afatinib 40
mg oral daily plus necitumumab 600 mg intravenous on
days 1 and 15 every 28 days. There were no grade 4 to 5
adverse events observed, and seven patients (32%) expe-
rienced grade 3 treatment-related adverse events (three
rash; one each oral mucositis, diarrhea, headache, ventric-
ular arrhythmia, and tachycardia). In the entire cohort,
there were no responses observed, the median progression-
free survival was 1.8 months, and the disease control rate
was 36% but varied between the subgroups.

Conclusions: Afatinib plus necitumumab was safe but had
limited activity in patients with EGFR-mutated NSCLC.
Biomarker studies may identify patient subgroups that are
more likely to benefit.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Oncogenic alterations in the EGFR gene (e.g., exon 19

deletions, L858R point mutations) are identified in
approximately 20% of newly diagnosed NSCLCs, with
predominance in patients who never smoked and
those with adenocarcinoma.1,2 Multiple tyrosine kinase
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inhibitors (TKIs) targeting EGFR are now available
including third-generation osimertinib, which is stan-
dard frontline therapy in untreated, metastatic EGFR-
mutated NSCLC due to its improved progression-free
survival (PFS) and overall survival (OS) compared with
first-generation erlotinib and gefitinib.3,4

Although highly effective, osimertinib and other EGFR
TKIs are associated with eventual resistance and disease
progression. Before the adoption of osimertinib as front-
line therapy, the most common mechanism of acquired
resistance to first-generation TKIs was an on-target EGFR
T790M mutation occurring in approximately 50% of tu-
mors.5 T790M mutations result in steric hindrance that
limits the binding of erlotinib and gefitinib but retains
sensitivity to osimertinib.6,7 Mechanisms of acquired
resistance to osimertinib, however, are varied and include
on-target EGFR mutations (e.g., C797S) and EGFR ampli-
fication, off-target tyrosine kinase alterations (e.g., BRAF
V600E, PIK3CA mutations, MET amplification), and his-
tologic transformation.8 Despite overlap, some mecha-
nisms of resistance also differ when osimertinib is used as
first-line versus later-line therapy. For example, loss of
T790M occurs frequently as a mechanism of resistance to
subsequent-line osimertinib and is associated with faster
time to treatment failure.9 In the case of acquired resis-
tance to first-line osimertinib, T790M is not observed
whereas other EGFR mutations (C797S, L718Q) are un-
common, and off-target resistance mechanism of MET
amplification and histologic transformation are also
found.8,10,11 Many patients with acquired resistance to
first-line osimertinib will have more than one mechanism
detected.12 For those patients with on-target mechanisms
of resistance to osimertinib involving EGFR, there has
been suggestion that dual mechanisms of EGFR inhibition
may be effective.13,14 Nevertheless, as of now, there are no
approved oral targeted therapies for refractory EGFR-
mutated NSCLC after osimertinib, leaving platinum-
doublet chemotherapy and more recently, in combina-
tion with amivantamab, as the usual next-line option
outside of a clinical trial.

An additional class of therapies targeting EGFR are
monoclonal antibodies, which include cetuximab, pan-
itumumab, and necitumumab. Compared with TKIs that
bind to the intracellular kinase domain of EGFR, mono-
clonal antibodies block the extracellular binding pocket,
leading to decreased downstream signaling, impaired re-
ceptor dimerization, and increased receptor internaliza-
tion and degradation.15 As monotherapy, the efficacy of
EGFR antibodies in EGFR-mutated NSCLC is limited with
no responses observed and median PFS of 1.8 months in
patients receiving cetuximab after erlotinib or geftinib.16

Preclinical studies, however, suggest potential activity
for monoclonal antibodies in combination with EGFR TKIs
in the post-TKI setting. Afatinib, a second-generation TKI,
irreversibly inhibits pan-ERBB receptors that include
classic EGFR mutations and is the only TKI approved for
uncommon EGFR mutations (e.g., G719X), thereby offer-
ing potentially broader applications.17–19 In a mouse
model of EGFR L858R/T790M-mutated lung cancer, Re-
gales et al.20 observed complete tumor responses in mice
treated with afatinib plus cetuximab but not in those mice
treated with afatinib or cetuximab alone or erlotinib plus
cetuximab. In the clinical setting, a phase 1b trial reported
a response rate of 29% in patients with EGFR-mutated
NSCLC receiving afatinib plus cetuximab after disease
progression on erlotinib or gefitinib,21 with responses
similar in T790M-positive versus -negative disease (32%
versus 25%; p ¼ 0.341).

Although these preclinical and clinical findings are
notable, the potential of dual EGFR inhibition remains
incompletely realized, and its efficacy after progression
on first-line osimertinib has not been well studied. In
addition, compared with cetuximab, the fully human
recombinant EGFR monoclonal antibody, necitumumab,
may be better tolerated given its lower theoretical risk of
infusion reactions.22 With this in mind, we report here
the results of a prospective phase 1, dose-escalation,
dose-expansion trial evaluating the safety and activity
of afatinib plus necitumumab in patients with advanced
or metastatic EGFR-mutated NSCLC after progression on
first-generation or third-generation TKI therapy.

Materials and Methods
This is an open-label, multisite, nonrandomized, phase

1, dose-escalation, and dose-expansion study of afatinib
plus necitumumab in EGFR-mutated NSCLC. The clinical
trial was conducted in accordance with the Declaration of
Helsinki, and the study protocol was approved by the
Investigational Review Boards at each participating
institution. In addition, each participant provided written
informed consent before joining the study.
Eligibility Criteria
Adult (�18 y of age) participants with advanced or

metastatic NSCLC harboring an activating EGFRmutation
were enrolled. Eligible EGFR mutations included exon 19
deletions, L858R point mutations, and other rare sensi-
tizing mutations (e.g., G719X). Central testing for EGFR
mutations was not performed; sites used local institu-
tional protocols for EGFR testing. In addition, the study
did not specify required specimen type (tissue or blood)
for EGFR testing. Participants must have progressed on a
first-generation EGFR TKI (and be T790M negative),
first-line osimertinib, or subsequent-line osimertinib (if
T790M positive at time of progression on first- or
second-generation TKI). Participants were excluded if
they had already received an EGFR monoclonal antibody
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or previous treatment with afatinib; however, patients
who had received an intervening third-generation EGFR
TKI after concluding previous afatinib were eligible.
Patients with treated, asymptomatic brain metastases
were eligible if no clinical change in brain disease status
for at least 2 weeks before starting study treatment. A
complete list of eligibility criteria is included in the
Supplementary Material.
Study Design and End Points
Dose escalation followed a standard 3þ3 design with

four dose levels (DLs) planned and one de-escalation DL if
needed (Table 1). The starting DL was 30 mg daily of
afatinib (oral) with 400 mg necitumumab (intravenous
infusion) on days 1 and 15 of a 28-day cycle. The primary
end point of dose escalation was the maximum tolerated
dose (MTD). Dose expansion included the following three
subcohorts of 15 patients each that were treated at the
MTD: (1) participants without a T790M mutation who
had progressed on a first-generation EGFR TKI (e.g.,
erlotinib, gefitinib); (2) participants who had progressed
on first-line osimertinib; and (3) participants who pro-
gressed on subsequent-line osimertinib (if T790M posi-
tive at time of progression on first- or second-generation
TKI; hereafter, referred to as subsequent-line osimerti-
nib). Presence or absence of T790M mutation in above-
mentioned contexts was tested locally using tissue or
circulating tumor DNA and not confirmed centrally before
study entry. Of note, patients who were positive for
T790M at the time of initiation of subsequent-line osi-
mertinib were not retested for T790M before study
enrollment, and therefore, it is not known whether pa-
tients had retained or lost T790M mutation at the time of
starting study treatment.

The primary end point of dose expansion was the
objective response rate in each of the subcohorts,
defined as the percentage of patients having a confirmed
complete response or partial response to therapy ac-
cording to Response Evaluation Criteria in Solid Tumors
(RECIST) version (v.) 1.1.23 Patients with missing or no
response assessments were classified as nonresponders.
Table 1. Planned Dose Levels

Dose Level
Afatinib
(Oral Daily), mg

Necitumumab
(IV on D 1 and 15 of
28-D Cycle), mg

�1 20 300
1 (starting
dose level)

30 400

2 40 400
3 40 600
4 40 800

IV, intravenous.
Secondary end points included PFS, OS, disease control
rate (DCR), duration of response, and safety. PFS was
defined from time of study treatment initiation to the
first occurrence of documented disease progression (per
RECIST v.1.1) or death from any cause during the study,
whichever occurs first. For patients who do not have
documented progressive disease or death during the
study, PFS was censored at the date of the last tumor
assessment. Tumor assessments were performed at
baseline and every 8 weeks using RECIST v.1.1.

Statistical Analysis
For dose escalation, at least three patients were

studied at each DL following the standard 3þ3. If more
than or equal to two of three or more than or equal to
two of six patients experienced a dose-limiting toxicity
(DLT), the MTD was exceeded. A DLT was defined as any
of the following adverse events occurring during the first
treatment cycle (i.e., 28 d) that were classified by the
investigator to be possibly, probably, or definitely
related to treatment: grade more than or equal to 3
nonhematologic toxicity (except grade 3 asymptomatic
rash); grade more than or equal to 4 neutropenia for
more than 5 days; febrile neutropenia; grade more than
or equal to 4 thrombocytopenia or grade 3 with
bleeding; or inability to initiate cycle 2 within 4 weeks of
scheduled treatment due to slow recovery from
treatment-related adverse events (TRAEs).

Due to the small sample size and nature of the dose-
escalation study, no formal hypothesis testing was per-
formed. In dose expansion, if at least three responses
were observed in any of the three 15-patient subcohorts
described, then the combination therapy would be
considered active in that population and further testing
warranted. The probability of observing three or more
responses in 15 patients is approximately 85% if the
true response rate is 30%.

Demographic information, such as age, race or
ethnicity, and sex, was tabulated. Descriptive statistics,
including means with SDs and medians with ranges for
continuous parameters and percentages and frequencies
for categorical parameters, were estimated. Adverse
events were graded according to National Cancer Insti-
tute Common Terminology Criteria for Adverse Events,
v. 4.03, dated June 14, 2010, and presented as a
summary statistic. The Kaplan-Meier method was used
to estimate survival outcomes (PFS, OS) with 95% con-
fidence intervals (CIs).

Results
Participants

Between August 2017 and August 2021, 22 partici-
pants with EGFR-mutated NSCLC were enrolled to the
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study, 14 in dose escalation and eight across the pre-
defined dose-expansion cohorts. Because of slow accrual,
the study was closed early at all sites before dose
expansion was completed. Baseline demographics are
listed in Table 2; most patients were female (82%),
white (66%), and never smokers (68%) with a median
age of 59 (range: 38–62) years. All participants except
one had nonsquamous NSCLC. In total, four partici-
pants were T790M negative and had progressed on
first-generation TKI, 13 had progressed on subsequent-
line osimertinib, and five had progressed on first-line
Table 2. Baseline Demographics and Disease Characteristics

Variables
Total
(N ¼ 22)

Median age, y (range) 60 (38–82)
Sex

Male 4 (18)
Female 18 (82)

Race
White 14 (64)
Asian 4 (18)
Native Hawaiian 1 (4)
Not reported 3 (14)

Ethnicity
Non-Hispanic or Latino 19 (86)
Hispanic or Latino 2 (9)
Not reported 1 (5)

Smoking status
Never smoker 15 (68)
Current or previous smoker 7 (32)

ECOG performance status
0 3 (14)
1 16 (72)
2 3 (14)

Median previous lines of treatment (range)a 3 (1–8)
Previous platinum chemotherapy

Yes 17 (77)
No 5 (23)

DL
DL1 3 (14)
DL2 3 (14)
DL3 (expansion dose) 12 (55)
DL4 4 (17)

T790M negative and progressed on
first-generation TKI

4 (18)

Progressed on first-line osimertinib 5 (23)
Progressed on subsequent-line osimertinib 13 (59)
Primary EGFR mutation

Exon 21 L858R 6 (27)
Exon 19 del 15 (68)
G719X 1 (5)

Brain metastasis
Yes 5 (23)
No 17 (77)

Note: All values are n (%) unless otherwise specified.
aAll but one patient had previous osimertinib, 11 had previous erlotinib, two ha
DL, dose level; ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine kinas
osimertinib. The median duration of follow-up was
9.1 (range: 1–21.9) months.
MTD Identified in Dose Escalation
Two DLTs were observed in DL4 (Table 1; afatinib

40 mg, necitumumab 800 mg), including grade 3 diar-
rhea and symptomatic grade 3 rash (recorded as a
delayed DLT given occurrence beyond the first 28
d during cycle 4). No DLTs were observed at other DLs.
Thus, the MTD was exceeded, and the recommended
Dose Escalation
(n ¼ 14)

Dose Expansion
(n ¼ 8)

61 (38–82) 59 (47–70)

3 (21) 1 (12)
11 (79) 7 (88)

10 (71) 4 (50)
2 (15) 2 (25)
1 (7) 0
1 (7) 2 (25)

12 (86) 7 (88)
2 (14) 0
0 1 (12)

10 (71) 5 (62)
4 (29) 3 (38)

1 (7) 2 (25)
12 (86) 4 (50)
1 (7) 2 (25)
3 (1–8) 2 (1–5)

11 (79) 6 (75)
3 (21) 2 (25)

3 (21) –

3 (21) –

4 (28) 8 (100)
4 (28) –

4 (28) –

1 (7) 4 (50)
9 (64) 4 (50)

2 (14) 4 (50)
12 (86) 3 (38)
0 (0) 1 (12)

2 (14) 3 (38)
12 (86) 5 (62)

d erlotinib and afatinib, one had gefitinib, and one had afatinib.
e inhibitor.
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dose for expansion was determined to be 40 mg afatinib
once daily and 600 mg necitumumab on days 1 and 15
of a 28-day cycle.
Safety
Across dose escalation and expansion, all 22 partici-

pants experienced at least one TRAE and most (74%)
were grade 1 (Table 3). The most frequently observed
TRAEs were rash and other skin conditions, including
fissures, dermatitis, and paronychia. Other frequently
observed TRAEs included diarrhea, mucositis, nausea,
vomiting, fatigue, and headache. No grade 4 or 5 TRAEs
were observed. Nine (41%) patients required at least
one dose reduction, with seven requiring at least two
reductions. Three of the four patients enrolled in DL4
had dose reductions, and levels of both drugs were
reduced. Three of the eight patients enrolled in dose
expansion required dose reductions, with two requiring
two dose reductions. The other three patients with dose
reductions were enrolled in DL2 (n ¼ 2) and DL3 (n ¼
1). Seven (32%) patients had at least one dose inter-
ruption. Two patients discontinued treatment due to a
TRAE. One patient, who was on therapy for 6 months,
discontinued study treatment due to grade 2 rash that
persisted at 30 days after treatment interruption. The
other patient withdrew from the study due to grade 2
fatigue and vomiting after approximately 3 months of
treatment. The only treatment-related serious adverse
event was in a patient enrolled in dose expansion who
required hospitalization after experiencing grade 3
ventricular tachycardia that was related to necitumumab
and grade 3 ventricular arrhythmia that was related to
both afatinib and necitumumab.
Table 3. Most Frequently (>10%) Observed Treatment-Related

Toxicity Grade 1

Rash 9 (41)
Diarrhea 6 (27.3)
Other skin or subcutaneous tissue disorderc 5 (22.8)
Vomiting 5 (22.8)
Fatigue 5 (22.8)
Headache 4 (18.2)
Mucositis oral 5 (22.8)
Nausea 3 (13.7)
Paronychia 8 (36.4)
Dry skin 3 (13.7)
Fever 4 (18.2)
Pruritus 2 (9.1)

Note: All values are n (%).
aOther grade 3 AEs: ventricular arrhythmia and ventricular tachycardia.
bHighest grade per toxicity per patient is listed; no grade 4 or 5 treatment-rela
cOther skin or subcutaneous tissue disorders beyond the terms rash, paronychi
xerosis, cracking of the skin, and scalp tenderness.
AE, adverse event.
Preliminary Efficacy
No participants enrolled on this trial had a complete

or partial response (objective response rate ¼ 0%). Eight
had stable disease for a DCR of 36% (eight of 22; 95% CI:
0.18–0.59). Fourteen were categorized as having pro-
gressive disease (PD) as best response including three
participants not represented in Figure 1: two with clin-
ical progression and one who died, each before the first
post-baseline imaging response assessment (Fig. 1). The
median PFS was 1.8 months (95% CI: 1.8–3.9), and the
median OS was 9.8 months (95% CI: 7.2–not available).

In the subgroup of patients who were T790M negative
and progressed on a first-generation TKI (n ¼ 4; two
treated at MTD), all had disease control with a median
duration of treatment of 3.6 (range 3.2–5.5) months, sug-
gesting there may be a role for dual EGFR inhibition in this
patient population. In the subgroup of patients who had
progressed on first-line osimertinib (n ¼ 5; all treated at
the MTD), three had best response of PD radiographically
and one each clinically progressed and died, respectively,
before repeat post-baseline imaging assessment. The pa-
tient who died before cycle 2 was hospitalized due to an
infection that was unrelated to the study treatment. In the
subgroup of patients that progressed on subsequent-line
osimertinib (n ¼ 13), DCR was 31% (four of 13; 95% CI:
0.1–0.61) with all patients experiencing stable disease
treated at either the MTD (n ¼ 2) or DL4 (n ¼ 2; higher
than MTD) for a median duration of treatment lasting 4.6
(range 3.7–5.5) months. Of note, an analysis of best
response according to time from last EGFR TKI therapy
revealed no association, suggesting that resensitization to
EGFR-directed therapy after a period of intervening
chemotherapy did not account for some patients having
stable versus progressive disease (data not shown).
AEs

Grade 2 Grade 3a Totalb

3 (13.7) 3 (13.7) 15 (68.2)
3 (13.7) 1 (4.6) 10 (45.5)
3 (13.7) 0 (0) 8 (36.4)
2 (9.1) 0 (0) 7 (31.9)
1 (4.6) 0 (0) 6 (27.3)
1 (4.6) 1 (4.6) 6 (27.3)
0 (0) 1 (4.6) 6 (27.3)
3 (13.7) 0 (0) 6 (27.3)
0 (0) 0 (0) 8 (36.4)
2 (9.1) 0 (0) 5 (22.8)
0 (0) 0 (0) 4 (18.2)
1 (4.6) 0 (0) 3 (13.7)

ted AEs observed.
a, dry skin, and pruritus: skin fissures, peeling hands, dermatitis, erythema,



Figure 1. Waterfall plot depicting best response in target lesion sum of diameters categorized by subgroup. Three patients
are not found in the figure: two patients (n ¼ 1, progression on first-line osimertinib; n ¼ 1, progression on subsequent-line
osimertinib) had clinical progression before the first post-baseline response assessment and one patient (progression on first-
line osimertinib) died before the first post-baseline response assessment.

ˇ

Site recorded clinical progression as off-treatment
reason. #Best response of progressive disease due to development of new nontarget lesions that were not present at baseline.
gen, generation; TKI, tyrosine kinase inhibitor.
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Discussion
In this phase 1 trial, afatinib plus necitumumab had

limited activity in patients with EGFR-mutated NSCLC
after progression on first-line first-generation EGFR TKI
with T790M-negative disease or first- or subsequent-line
third-generation EGFR TKI. Although the number of pa-
tients in each subgroup was small, stable disease was only
observed among patients who had progressed on either
subsequent-line osimertinib that was prescribed in the
context of T790M-positive NSCLC (four of 13 patients) or
first-generation EGFR TKI with T790M-negative NSCLC
(four of four patients). Nevertheless, all patients who had
received osimertinib for EGFR TKI-naive, metastatic,
EGFR-mutated NSCLC had primary progression on afati-
nib plus necitumumab, suggesting a limited role for this
combination in the current treatment era.

The MTD for the treatment combination was afatinib
40 mg daily plus necitumumab 600 mg on days 1 and 15
every 28 days (DL3). Further dose escalation was
limited, as two DLTs were noted at DL4 of grade 3 rash
and diarrhea, both of which are well-described toxicities
of EGFR-directed therapies.24 At the MTD, grade 3 rash
and diarrhea were not observed in any patients, whereas
grade 4 and 5 toxicities were not found at any DL, sug-
gesting that the therapy combination was safe. Never-
theless, despite most toxicities being limited to grades 1
to 2, dose reductions (41%) and dose interruptions
(32%) were common, suggesting the potential for
increased symptom burden. Overall, the range of side
effects was similar to that described in afatinib plus
cetuximab clinical trial, with dose reductions required
for 36% of patients and common toxicities of all-grade
diarrhea (71%) and grade 3 rash (20%).21

The lack of responses and median PFS of 1.8 months
of afatinib plus necitumumab in our trial were lower
than those reported in several previous studies of EGFR
TKI–antibody combinations. It is important to note the
precise EGFR TKI generation-antibody combination,
previous type and line of therapy, and available data
from any molecular testing that preceded study treat-
ment to interpret the results relative to our study. Most
notably, a phase 1 study from Janjigian et al.21 reported a
response rate of 29% and a median PFS of 4.7 months in
126 patients with EGFR-mutated NSCLC who received
second-generation afatinib plus cetuximab after disease
progression on first-generation erlotinib or gefitinib,
with activity noted irrespective of T790M resistance
status. Another phase 1,2 trial evaluated 19 patients with
progression after first-generation EGFR TKI (nine known
T790M positive and three known T790M negative) using
combination of erlotinib plus cetuximab with zero re-
sponses.11 Another phase 1 trial from Riess et al.25

evaluated third-generation osimertinib plus necitumu-
mab across multiple cohorts of patients with metastatic
EGFR-mutated NSCLC. Among 18 participants with
T790M-negative disease after first- or second-generation
EGFR TKI therapy, the response rate to osimertinib plus
necitumumab was 22% with median PFS of 3.9
months.25 In 18 patients who received first-line osi-
mertinib, next-line osimertinib plus necitumumab
resulted in a response rate of 22%, although the median
PFS was limited at 2.3 months.25
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The heterogeneity of our study cohort and the small
number of patients enrolled may account in part for the
lack of responses found. Most notably, our trial of afa-
tinib plus necitumumab included 23% of patients who
had received osimertinib in the first-line setting whereas
the study of afatinib plus cetuximab enrolled only pa-
tients with disease progression on first-line erlotinib or
gefitinib.21 Although in our study there was a proportion
of disease control observed in patients with progression
on subsequent-line osimertinib (in the context of
T790M-positive disease) or first-line erlotinib or gefiti-
nib with T790M-negative disease, nearly all patients
previously treated with first-line osimertinib had PD as
best response to afatinib plus necitumumab. It is known
that EGFR-mutated lung cancer exposed to first-
generation TKI therapies may maintain greater ongoing
dependence on EGFR signaling in the post-progression
setting, with approximately 50% acquiring a second-
site T790M resistance mutation in EGFR.5 Nevertheless,
secondary EGFR mutations when osimertinib is used
both as first-line and subsequent-line therapy are
observed less frequently.8,10,12 In patients with T790M
mutations receiving second-line osimertinib on the
AURA3 trial, for example, the incidence of acquired EGFR
mutations at the time of progression was only 22%,
including 18% with C797X mutations.10 In the FLAURA
trial of first-line osimertinib, only 10% developed ac-
quired EGFR mutations at the time of progression,
including 6% with C797S mutations.12 Furthermore, the
incidence of EGFR C797X mutations seems to differ in
patients receiving second-line osimertinib depending on
whether the T790M mutation is retained or lost at the
time of progression.9 Although these factors could
potentially account for the results in our study,
biomarker assessment is limited given that repeat mo-
lecular testing for the continued retention of T790M and
presence or absence of other secondary EGFR mutations
was not collected immediately before study therapy.

The findings of this study are consistent with real-
world analyses that have revealed limited activity for
afatinib with or without EGFR antibody therapy in the
post-osimertinib setting. In a single-center retrospec-
tive study of 15 patients with metastatic, EGFR-
mutated NSCLC receiving afatinib after previous osi-
mertinib in the first- or subsequent-line setting, the
response rate and median PFS were 6.7% and 2.5
months, respectively.26 Those patients who received
afatinib in combination with cetuximab had similar
outcomes compared with the overall cohort, with a
median PFS of 1.9 months.26 A study of dacomitinib,
another second-generation TKI that irreversibly in-
hibits pan-ERBB receptors, similarly reported minimal
activity after progression on first-line osimertinib with
a response rate of 17% and a median PFS of 1.8
months.27 In addition, although EGFR monoclonal
antibody therapy in combination with TKI therapy may
increase inhibition of EGFR in vivo, an additive or
synergistic effect has not been found clinically.28,29 In
the SWOG S1403 trial, for example, patients with
treatment-naive, EGFR-mutated NSCLC who were ran-
domized to receive afatinib alone versus afatinib plus
cetuximab had similar response rates (74% versus
67%; p ¼ 0.38) and median PFS (13.4 versus 11.9 mo;
p ¼ 0.94).28 This suggests that dual inhibition of EGFR
is not by itself sufficient to lead to deeper or durable
responses in EGFR-mutated NSCLC. In addition, the
emerging efficacy of alternative therapies such as bis-
pecific EGFR and MET antibody amivantamab plus
lazertinib or HER3 antibody–drug conjugate patritu-
mumab deruxtecan suggests that targeting other re-
ceptor kinases such as MET or HER3 may be a more
effective approach than dual targeting of EGFR alone in
an unselected post-TKI setting.30,31

The limited efficacy of afatinib plus necitumumab in
our study suggests that this combination does not have a
role in clinical practice. Nevertheless, further study of
other EGFR TKI–antibody combinations or particular
patient subgroups may be warranted to determine if a
role can be defined. First, osimertinib compared with
afatinib more effectively inhibits tumor growth in vivo
and may be a preferred TKI partner in combination with
monoclonal antibodies.32 Second, although efficacy was
overall low, the different rates of disease control of
afatinib plus necitumumab between the three cohorts in
this study may be due to differing resistance patterns
that were not interrogated before the study treatment. In
addition to on-target EGFR resistance, EGFR expression
and EGFR copy number have been suggested to be pre-
dictive biomarkers in patients with unselected NSCLC
receiving EGFR antibodies with chemotherapy, although
results have been mixed overall.33–35 Finally, afatinib has
been studied in NSCLC harboring atypical EGFR muta-
tions such as G719X and therefore may be better suited
for this patient subgroup.19 Nevertheless, only one pa-
tient in this study had a G719X mutation, whereas all
others harbored exon 19 deletion or L858R mutations.
Therefore, conclusions cannot be made regarding the
activity of this treatment combination for atypical EGFR
mutations.

Overall, the results of this phase 1 trial do not sup-
port further analysis of afatinib plus necitumumab in
unselected EGFR-mutated NSCLC after TKI therapy. As
we now understand that mechanisms of resistance to
EGFR TKI therapy are heterogeneous, future studies of
EGFR TKI–antibody combinations should focus on
identifying resistance patterns or biomarkers that pre-
dict greater likelihood of response to combination
therapy.
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