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Background: Acquired resistance limits long-term epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor
(TKI) efficacy in patients with EGFR mutation-positive non-small-cell lung cancer (NSCLC) in whom anti-programmed
death-ligand 1 (PD-L1) efficacy is also limited. We hypothesized that combining atezolizumab with erlotinib could
enhance antitumor immunity and extend efficacy in these patients.
Patients and methods: This open-label phase Ib trial was conducted in adults aged �18 years who had advanced,
unresectable NSCLC. Stage 1 (safety evaluation) enrolled EGFR TKI-naive patients regardless of EGFR status. Stage 2
(expansion) enrolled patients with EGFR-mutant NSCLC treated with �1 prior non-EGFR TKI therapy. Patients
received 150 mg erlotinib orally once daily. After a 7-day erlotinib run-in, atezolizumab 1200 mg was administered
intravenously every 3 weeks. The primary endpoint was the safety and tolerability of the combination in all
patients; secondary endpoints included antitumor activity per RECIST 1.1 in stage 2 patients.
Results: At the data cut-off on 7 May 2020, 28 patients (8 in stage 1, 20 in stage 2) were assessable for safety. No dose-
limiting toxicities or grade 4 or 5 treatment-related adverse events occurred. Grade 3 treatment-related adverse events
occurred in 46% of patients; the most common were increased alanine aminotransferase, diarrhea, pyrexia, and rash
(each in 7% of patients). Serious adverse events occurred in 50% of patients. Pneumonitis (grade 1) was reported in a
single patient (4%). The objective response rate was 75% [95% confidence interval (CI) 50.9% to 91.3%]), median
response duration was 18.9 months (95% CI 9.5-40.5 months), median progression-free survival was 15.4 months
(95% CI 8.4-39.0 months), and median overall survival was not estimable (NE) (95% CI 34.6-NE).
Conclusions: Atezolizumab combined with erlotinib demonstrated a tolerable safety profile and encouraging, durable
clinical activity in patients with advanced EGFR mutation-positive NSCLC.
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INTRODUCTION

Lung cancer remains the leading cause of cancer mortality
worldwide, with non-small-cell lung cancer (NSCLC) ac-
counting for 80% to 85% of cases.1 Epidermal growth factor
receptor (EGFR) mutations are present in w15% of patients
with NSCLC in the USA and in up to 50% of patients of Asian
descent; 90% of all patients with EGFR-mutant NSCLC have
mutations associated with sensitivity to EGFR tyrosine
kinase inhibitors (TKIs).2
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TKI therapy is recommended as first-line treatment of
patients with NSCLC whose tumors harbor an oncogenic
EGFR mutation.3,4 Approved EGFR TKIs include the
first-generation agents erlotinib and gefitinib, second-
generation agents afatinib and dacomitinib, and the
third-generation agent osimertinib.5 Substantial efficacy has
been seen with these agents, with objective response rates
(ORRs) of 56% to 83%, median progression-free survival
(PFS) of 9.2-18.9 months, and median overall survival (OS)
of 19.3-38.6 months.5,6 Nevertheless, despite the high-level
activity observed with these TKIs in patients with EGFR-
mutant NSCLC, the resulting clinical benefits are almost
always transient; acquired resistance is typically inevitable
regardless of the agent used in the first-line setting,7-10

highlighting the need for more effective treatment
options for these patients.
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Recent advances in the development of immune check-
point inhibitors (ICIs), including monoclonal antibodies
targeting programmed death-ligand 1 (PD-L1) and pro-
grammed cell death protein 1 (PD-1), have significantly
improved treatment outcomes in NSCLC. Patients whose
tumors harbor EGFR mutations, however, experience
limited efficacy with PD-L1/PD-1 inhibition relative to those
with wild-type tumors. Single-agent PD-L1 and PD-1 in-
hibitors have not shown a significant survival benefit
compared with cytotoxic agents such as docetaxel in
patients with previously treated EGFR-mutant disease.11-14

The transient nature of TKI benefit has prompted attempts
to improve the durability of response to EGFR TKIs. One such
strategy, combining EGFR TKIs with PD-L1/PD-1 inhibition, is
predicated on preclinical and correlative analyses demon-
strating that PD-L1 is frequently up-regulated in NSCLC tu-
mors with activating EGFR mutations, and that activation of
the PD-1 pathway contributes to immune escape in EGFR-
driven lung cancer models.15-18 Initial studies evaluating
combinations of EGFR TKIs and PD-L1/PD-1 inhibitors in
NSCLC suggested rare durable responses,19 but have been
limited by unanticipated combinatorial toxicities, including
grade 3/4 liver toxicity in >40% of patients treated with
gefitinib and either durvalumab or pembrolizumab, and
interstitial lung disease (ILD) in patients treated with osi-
mertinib and durvalumab.20-22 The high incidence of ILD in
particular resulted in early termination of the CAURAL trial,
which had been designed to test osimertinib and durvalu-
mab versus osimertinib monotherapy.23

Atezolizumab is an anti-PD-L1 monoclonal antibody that
inhibits binding of PD-L1 to its receptors, PD-1 and B7-1.24

Atezolizumab is currently approved as first-, second-, and
later-line treatment of advanced or metastatic NSCLC, and
as adjuvant treatment in patients with PD-L1-positive
early-stage NSCLC, after demonstrating efficacy and safety
alone and in combination with chemotherapy, with or
without bevacizumab.14,25-30 Atezolizumab monotherapy is
approved in both the USA and Europe for treatment of
patients with EGFR-mutant NSCLC who have had disease
progression on an approved TKI therapy.25,31-33

In the global, randomized phase III IMpower150 trial,
first-line treatment with atezolizumab, bevacizumab,
carboplatin, and paclitaxel prolonged PFS and OS versus
bevacizumab, carboplatin, and paclitaxel in non-squamous
advanced or metastatic NSCLC, including for patients
with EGFR-mutant tumors.26,34 Subgroup analyses of
IMpower150 patients suggested an OS benefit for atezoli-
zumab, bevacizumab, carboplatin, and paclitaxel versus
bevacizumab, carboplatin, and paclitaxel in patients with
sensitizing EGFR mutations, including those with prior TKI
failures.34,35 These results support the hypothesis that
combining atezolizumab with other targeting agents such as
EGFR TKIs could offer durable treatment benefits for pa-
tients with EGFR-mutant NSCLC.

This open-label, multicenter phase Ib study was con-
ducted to evaluate the safety and clinical activity of ate-
zolizumab in combination with erlotinib in EGFR TKI
treatment-naive patients with advanced NSCLC. Erlotinib
2 https://doi.org/10.1016/j.esmoop.2023.101160
inhibits epidermal growth factor-dependent proliferation of
cells at submicromolar concentrations, blocks cell cycle
progression in the G1 phase, and can promote cell death in
EGFR-dependent tumors.36 Additionally, like other EGFR
TKIs, erlotinib can influence immune/inflammatory re-
sponses by directly modulating major histocompatibility
complex expression, which may enhance priming and
activation of effector T-cell responses.37 Therefore, we hy-
pothesized that combining erlotinib with atezolizumab
might provide durable antitumor effects in patients with
EGFR-mutant NSCLC.

METHODS

Study design, patients, and treatment

This open-label, multicenter, global phase Ib trial
(NCT02013219) was conducted to investigate the safety,
tolerability, and clinical activity of atezolizumab combined
with erlotinib in patients with advanced, unresectable
NSCLC. During the safety evaluation stage (stage 1), patients
with advanced NSCLC who were EGFR TKI treatment-naive
were enrolled regardless of EGFR mutation status. This
stage was designed to establish the safety and tolerability of
the combination and to identify a recommended phase II
dose (RP2D) and schedule for atezolizumab in combination
with erlotinib. The expansion stage (stage 2) was conducted
to evaluate the dose combination established as RP2D in
stage 1 in an expansion cohort of patients with EGFR
mutation-positive advanced NSCLC who had not been pre-
viously treated or who had received one prior treatment
that was not an EGFR TKI.

Eligible patients were �18 years of age and had
histologically or cytologically documented advanced or
metastatic NSCLC, measurable disease per Response Eval-
uation Criteria in Solid Tumors (RECIST) 1.1 and an Eastern
Cooperative Oncology Group performance status (ECOG PS)
of 0 or 1. Patients in stage 1 were not required to have
tumors with EGFR mutations and could have received prior
systemic treatment (except for EGFR TKIs) for advanced or
metastatic disease. Patients in stage 2 were required to
have EGFR-mutant tumors and could have received at most
one prior systemic treatment (except for EGFR TKIs) for
advanced or metastatic disease. Key exclusion criteria
included prior treatment with any EGFR TKI, known primary
central nervous system metastases, and prior treatment
with approved anticancer agents within 3 weeks of study
initiation or with any other investigational agent(s) within 4
weeks of randomization.

The study conformed to Good Clinical Practice guidelines
and the principles of the Declaration of Helsinki. Indepen-
dent ethics committees or institutional review boards
approved the study protocol at each site, and all patients
provided written informed consent to participate in the
study. The trial was registered with ClinicalTrials.gov
(NCT02013219).

The study design called for the first patient in stage 1 to
be given a starting dose of 150 mg erlotinib (i.e. the rec-
ommended single-agent dose) orally once daily. Following a
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1-week run-in period of erlotinib, a starting dose of 1200
mg atezolizumab was to be administered intravenously
every 3 weeks. If the first patient did not experience un-
acceptable toxicity during the first 3 weeks of receiving the
combination therapy, the remaining patients would be
enrolled into stage 1 and receive the same combination
regimen. If the starting combination regimen was not
tolerated, alternative dosing and/or schedules of atezoli-
zumab and erlotinib would be tested to define the RP2D.

The dose-limiting toxicity (DLT) window in stage 1 was 21
days, starting from the first administration of atezolizumab
plus erlotinib. A DLT was defined as treatment-related grade
�4 neutropenia lasting �7 days; grade �4 thrombocyto-
penia lasting �7 days or associated with bleeding; grade
�3 non-hematologic, non-hepatic organ toxicity; grade �3
symptomatic hepatic toxicities lasting �48 h; or grade �3
asymptomatic hepatic toxicities lasting >7 days, with
exceptions. The highest dose level(s) at which less than one-
third of the first dose cohort planned to be enrolled in stage
1 experienced a DLT was declared the combination maxi-
mally tolerated dose and defined the RP2D. All patients
enrolled in stage 2 began treatment at the RP2D for this
combination.

Treatment could continue in both stages for as long as a
patient experienced clinical benefit, as determined by the
investigator after assessment of radiographic data, biopsy
results, and the patient’s clinical status. Patients who dis-
continued atezolizumab for reasons other than disease
progression could continue erlotinib treatment on study
until disease progression per RECIST 1.1.
Assessments and endpoints

The primary safety endpoint was the incidence and nature
of DLTs, with secondary endpoints being the incidence,
nature, and severity of adverse events (AEs) according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events version 4.0, as well as changes in vital
signs and laboratory abnormalities. AEs of any cause were
recorded until 30 days after the last dose of the study
treatment or until study discontinuation/termination, initi-
ation of subsequent anticancer therapy, consent with-
drawal, or death, whichever occurred first. Patients
continuing to experience treatment-related adverse events
(TRAEs) beyond 30 days following the last dose of study
treatment were followed until the event had resolved to
baseline grade, the event was stable per investigator
assessment, or the patient had begun a subsequent anti-
cancer treatment, whichever occurred first.

Clinical activity endpoints evaluated were investigator-
assessed ORR and PFS per RECIST 1.1, as well as duration
of confirmed objective response [duration of response
(DOR)] and OS.

Tumors were assessed by computed tomography scan at
baseline; 7 weeks after treatment start (cycle 1, day 1); every
6 weeks thereafter through week 37; and every 12 weeks
thereafter until radiologic disease progression per RECIST
1.1, patient death, consent withdrawal, or termination of
Volume 8 - Issue 2 - 2023
study by sponsor, whichever occurred first. Responses were
documented as complete response (CR), partial response
(PR), stable disease, or progressive disease per RECIST 1.1.
Statistical analysis

It was planned that approximately 26 to 32 patients would
be enrolled into the study, with 6-12 patients in the safety
evaluation stage and w20 in the expansion stage. Deter-
mination of sample sizes was based on goals of obtaining
preliminary safety, efficacy, pharmacokinetic, and pharma-
codynamic data; explicit power and type I error consider-
ations were not made for this study.

Analyses were carried out in either the safety-evaluable
population, defined as all patients who received any
amount of any study treatment, or the efficacy-evaluable
population, defined as all patients who received at least
one dose of atezolizumab plus erlotinib, and had measur-
able disease per RECIST 1.1. Means, standard deviations,
medians, and ranges were used to summarize continuous
variables, and categorical variables were summarized using
counts and percentages. All summaries were tabulated or
listed by dose cohort. Safety was assessed through
summaries of AEs by mapped term and National Cancer
Institute Common Terminology Criteria for Adverse Events
toxicity grade, changes in laboratory test results, and
changes in vital signs.

Data on ORR, DOR, PFS, and OS were listed for all pa-
tients by study stage and summarized overall. ORR was
defined as the proportion of patients with a PR or CR, as
determined by investigator assessment per RECIST 1.1 and
confirmed by repeat assessments �4 weeks after initial
documentation. Patients who did not meet these criteria,
including those without any post-baseline tumor assess-
ment, were considered to be non-responders. DOR for pa-
tients who achieved an objective response was defined as
the time from the initial CR or PR to the time of disease
progression or death, whichever occurred first. DOR for
patients who did not experience disease progression or
death before the end of the study was censored at the day
of the last tumor assessment. PFS was defined as the time
from the first day of study treatment to disease progression
or death, whichever occurred first; PFS was censored at the
day of the last tumor assessment for patients who did not
experience disease progression or death at the end of the
study. OS was defined as the time from the first dose of
study treatment to the time of death from any cause during
the study. Time to event analyses for DOR, PFS, and OS were
done using the KaplaneMeier method, with accompanying
95% confidence intervals (CIs) constructed using the
Brookmeyer and Crowley method.
RESULTS

Patient characteristics

Between 3 April 2014 and 12 August 2015, 28 patients were
enrolled into this study at 10 sites in Spain, France, Great
Britain, Hong Kong, and the USA; 8 patients were enrolled
https://doi.org/10.1016/j.esmoop.2023.101160 3
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Table 1. Baseline characteristics

Characteristic Stage 1
(n [ 8)

Stage 2
(n [ 20)

All patients
(n [ 28)

Median age (range), years 72 (47-84) 57.5 (47-74) 61 (47-84)
Sex, n (%)
Male 4 (50) 4 (20) 8 (29)
Female 4 (50) 16 (80) 20 (71)

Race, n (%)
Asian 0 6 (30) 6 (21)
Black/African American 1 (13) 2 (10) 3 (11)
White 6 (75) 8 (40) 14 (50)
Other 0 1 (5) 1 (4)
Unknown 1 (13) 3 (15) 4 (14)

ECOG performance
status, n (%)
0 0 7 (35) 7 (25)
1 8 (100) 13 (65) 21 (75)

Smoking status, n (%)
Current 0 1 (5) 1 (4)
Prior 8 (100) 7 (35) 15 (54)
Never 0 12 (60) 12 (43)

Histology type
Squamous 1 (13) 0 1 (4)
Non-squamous 7 (88) 20 (100) 27 (96)

Prior cancer therapy 7 (88) 3 (15) 10 (36)
Prior radiotherapy 5 (63) 7 (35) 12 (43)
EGFR mutation, n 5 20 25
Exon 19 deletion 1 (14) 11 (55) 12 (48)
Exon 20 insertion 0 1 (5) 1 (4)
L858R 0 5 (25) 5 (20)
L861Q 0 1 (5) 1 (4)
Other 1 (14) 2 (10) 3 (12)
Not done 3 (60) 0 3 (12)

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor
receptor.

Table 2. Safety summary and highest grade of TRAEs

n (%) Stage 1
(n [ 8)

Stage 2
(n [ 20)

All patients
(n [ 28)

Any AE 8 (100) 20 (100) 28 (100)
Grade 3 AE 5 (63) 15 (75) 20 (71)
Grade 4 or 5 AE 0 0 0
Serious AE 5 (63) 9 (45) 14 (50)

Any TRAE 8 (100) 20 (100) 28 (100)
Grade 3 TRAEa 3 (38) 10 (50) 13 (46)
Grade 4 or 5 TRAE 0 0 0
Treatment-related SAEb 2 (25) 6 (30) 8 (27)

AE leading to atezolizumab
withdrawal

1 (13) 5 (25) 6 (21)

AE leading to erlotinib
withdrawal

2 (25) 1 (5) 3 (11)

AE leading to dose
modification/interruption

6 (75) 15 (75) 21 (75)

Grade 3 AEs related to
atezolizumabc

Rash 0 2 (10) 2 (7)
ALT increase 0 2 (10) 2 (7)
Pyrexia 0 2 (10) 2 (7)

Any AESI 7 (88) 20 (100) 27 (96)
Grade 3 AESI 2 (25) 7 (35) 9 (32)

Liver-related AESI
Immune-mediated hepatitis
(diagnosis and laboratory
abnormalities)

1 (13) 9 (45) 10 (36)

Grade 3 immune-mediated
hepatitis (diagnosis and
laboratory abnormalities)d

0 4 (20) 4 (14)d

Lung-related AESI
Pneumonitise 0 1 (5) 1 (4)

AE, adverse event; AESI, adverse events of special interest; ALT, alanine amino-
transferase; SAE, serious adverse events; TRAE, treatment-related adverse event.
aNo grade 4 or 5 TRAEs occurred.
bAtezolizumab-related serious AEs were colitis, diarrhea, hemorrhoidal hemorrhage,
pyrexia, increased liver function test, myopathy, occipital neuralgia, and deep vein
thrombosis (each in 1 patient).
cOccurring in �2 patients.
dALT increased (n ¼ 2), blood bilirubin increased (n ¼ 1), and liver function test
increased (n ¼ 1).
eGrade 1 or 2.
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into stage 1 and 20 patients into stage 2. The median age of
the study population was 61 years (range 47-84 years); 20
patients (71%) were women, 21 (75%) had ECOG PS of 1,
and 12 (43%) had never smoked (Table 1). Ten patients
(36%) had prior cancer therapy and 12 (48%) had prior
radiotherapy. Two patients (28%) in stage 1 had EGFR mu-
tations. In stage 2, which enrolled only patients with EGFR
mutations, the most common were exon 19 deletions in 11
of 20 tested patients (55%) and L858R mutations in 5
patients (25%) (Table 1).

Safety

The median treatment duration in the safety population of
28 patients was 314 days (range 1-1592 days). The median
number of atezolizumab doses was 13 (range 1-75).

The safety profile of the combination of atezolizumab and
erlotinib was acceptable, with no DLTs, no grade 4 or 5 AEs,
and no grade 4 or 5 TRAEs reported. Although TRAEs were
reported by all patients (Table 2), they were mostly grade 1
and 2. Thirteen patients experienced grade 3 TRAEs; each
occurred only in one patient, except for increased alanine
aminotransferase (ALT), pyrexia, and rash, which each
occurred in two patients (Table 2).

AEs that led to atezolizumab withdrawal in six patients
(21%) were myopathy, pyrexia, low-grade chest pain,
arthralgia, hemorrhoidal hemorrhage, and acneiform
dermatitis. AEs that led to erlotinib withdrawal in three
4 https://doi.org/10.1016/j.esmoop.2023.101160
patients (11%) were dyspnea, deep vein thrombosis, and
increased ALT. AEs resulted in dose modification or inter-
ruption in 12 patients (75%).

Adverse events of special interest (AESIs) for atezolizu-
mab occurred in 27 patients (46%) and in 9 patients (32%)
at grade 3 (Table 2). The only grade 3 AESIs associated with
liver function were ALT increased in two patients (7%),
blood bilirubin increased in one patient (4%), and liver
function tests increased in one patient (4%); all other AESIs
associated with liver function occurred at grade �2, and
none led to treatment withdrawal.

No grade �3 lung-associated AESIs were reported in this
study, although grade 1 pneumonitis, discovered in routine
computed tomography imaging, occurred in one patient
(4%; Table 2). This was an asymptomatic radiology finding
described as ‘increased right basilar clustered opacities,
probably infectious/inflammatory,’ with an indeterminate
right middle lobe opacity ‘possibly also infectious/inflam-
matory with/without component of mucoid impaction.’ The
patient was treated with a 15-day course of prednisone 20
mg daily and the radiological findings improved on subse-
quent computed tomography scans. Treatment with
Volume 8 - Issue 2 - 2023
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Table 3. Summary of efficacy in patients with EGFR-mutated NSCLC

Stage 2 (n [ 20)

Confirmed ORR, n (%) 15 (75)
[95% CI] [50.9-91.34]
CR, n (%) 0
[95% CI] [0.00-16.84]
PR, n (%) 15 (75)
[95% CI] [50.9-91.34]
SD, n (%) 3 (15.0)
[95% CI] [3.21-37.89]
PD, n (%) 2 (10)
[95% CI] [1.23-31.7]
DCRa, n (%) 18 (90)
[95% CI] [68.3-98.77]
Median DOR, months 18.9
[95% CI for median] [9.7-40.5]
Range (censored) 4.2-50.4
Median PFS, months 15.4
[95% CI for median] [8.4-39.0]
Range (censored) 1.6-53.3
Median OS, months NE
[95% CI for median] [34.6-NE]
Range (censored) 11.4-53.3

CI, confidence interval; CR, complete response; DCR, disease control rate; DOR,
duration of response; EGFR, epidermal growth factor receptor; NE, not evaluable;
NSCLC, non-small-cell lung cancer; ORR, overall response rate; OS, overall survival;
PD, progressive disease; PFS, progression-free survival; PR, partial response; SD,
stable disease.
aCR þ PR þ SD �24 weeks.
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erlotinib continued throughout; one cycle of atezolizumab
was skipped, after which atezolizumab treatment resumed,
and the patient remained on erlotinib with atezolizumab for
another 9 months.

Efficacy

Efficacy analysis focused on the 20 patients with EGFR-
mutated NSCLC enrolled in stage 2, and data are presented
here based on a data cut-off of 7 May 2020. After a median
44.8 months of survival follow-up, 15 patients had a
confirmed PR; hence, the ORR of atezolizumab plus erlotinib
was 75% (Table 3). The disease control rate was 90%. In
addition to the 15 patients (75%) who had a PR, 3 patients
(15%) had durable stable disease (�24 weeks). Four pa-
tients had an ongoing response at the time of study
discontinuation.

Median OS was not evaluable (95% CI 34.6-not evalu-
able), and duration of survival ranged from 11.4 to 53.3
(censored) months (Figure 1A). Median PFS was 15.4
months (95% CI 8.4-39.0 months), ranging from 1.6 to
�53.3 (censored) months (Figure 1B). Clinical responses to
this treatment combination were durable: the median DOR
was 18.9 months (95% CI 9.7-40.5 months), ranging from
4.2 to �50.4 (censored) months (Figure 1C and D). In three
patients, clinical responses continued after discontinuation
of atezolizumab treatment throughout the duration of
follow-up (Figure 1D).

DISCUSSION

This is the first study to investigate the safety and clinical
activity of combining atezolizumab immunotherapy with the
TKI erlotinib in patients with advanced NSCLC. The safety
Volume 8 - Issue 2 - 2023
and efficacy findings from this final analysis after an addi-
tional median 18 months of follow-up were consistent with
those reported after 26 months of follow-up.38 The median
DOR in patients whose NSCLC had EGFR mutations was 18.9
months and the median OS remains not evaluable, with
40% of events having occurred. Whereas the median OS
was not reached, the lower bound of the 95% CI was 34.6
months, however, with many of the censored events
occurring at 40 months or later. Recent studies of erlotinib
monotherapy in patients with EGFR-mutant NSCLC have
reported median OS >45 months.39,40 The median PFS and
ORR with this combination compared favorably with those
observed with erlotinib monotherapy,41,42 and also with
ORRs reported in other phase I/II trials of EGFR TKIs com-
bined with ICIs in patients with EGFR-mutant NSCLC, which
ranged from 42% to 70% in the first-line setting and from
15% to 67% in the second-line setting.19-22

Atezolizumab plus erlotinib demonstrated a tolerable
safety profile, with the majority of TRAEs being non-severe
and manageable. Although treatment-limiting liver22 and
lung21 toxicities have been reported with other combina-
tions of immunotherapy and EGFR TKIs, these were notably
not observed in this study. In the phase I/II KEYNOTE-021
study that evaluated the feasibility of combining erlotinib
or gefitinib with pembrolizumab, pembrolizumab combined
with gefitinib was found not to be feasible because grade 3/
4 liver toxicity occurred in five of seven patients (71.4%),
leading to permanent treatment discontinuation in four of
them.22 Liver toxicity was not observed in the patients
treated with pembrolizumab plus erlotinib, consistent with
our data using atezolizumab.

ILD was another potential concern, given that more ILD
events were reported with osimertinib plus durvalumab
compared with either drug alone in the phase Ib TATTON
study in patients with EGFR-mutant NSCLC.21 In that study,
ILD occurred in 13 of 34 patients (38%) receiving combi-
nation treatment and in 2.9% and 2%, respectively, of pa-
tients receiving osimertinib and durvalumab alone. Due to
the increased incidence of ILD in TATTON, recruitment into
CAURAL (NCT02454933), a phase III study of osimertinib
plus durvalumab versus osimertinib monotherapy, was
terminated early.23 A total of 1 of 14 patients (7.1%) ran-
domized to the combination arm reported grade 2 ILD while
receiving osimertinib monotherapy after discontinuing
durvalumab therapy, having received only one dose.
Pneumonitis was not a concern when erlotinib was com-
bined with nivolumab or pembrolizumab in the phase I
CheckMate 012 (NCT01454102)19 or phase I/II KEYNOTE-
021 (NCT02039674)22 studies. Together these data suggest
that erlotinib may represent a more attractive TKI backbone
for immunotherapy combinations for treatment of EGFR-
mutant NSCLC. Further research will be needed to deter-
mine whether the low rate of pneumonitis reported here
and in other small studies of erlotinib with ICIs can be
confirmed in larger trials. Overall, the data from this study
suggest that atezolizumab can be safely combined with
erlotinib and may be associated with durable benefit in
some patients.
https://doi.org/10.1016/j.esmoop.2023.101160 5

https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160


100

0
O

ve
ra

ll 
su

rv
iv

al
 (%

)

Time (months)
8 16 24 32 40 48 56

20

No. of
patients
at risk 2020 19 19 16 13 7 119 17 16 11 4

80

60

40

20

0

Median OS (95% CI), months: NE (34.6-NE)
+ Censored

100

0

Pr
og

re
ss

io
n-

fr
ee

 s
ur

vi
va

l (
%

)

Time (months)
8 16 24 32 40 48 56

20

No. of
patients
at risk 1618 10 7 5 5 2 18 6 5 3 1

80

60

40

20

0

Median PFS (95% CI), months: 15.4 (8.4-39.0)
+ Censored

100

0

C
ha

ng
e 

in
 s

um
 o

f l
on

ge
st

 d
ia

m
et

er
s 

fr
om

ba
se

lin
e 

(%
)

Time on study (months)

PD (n = 2)
PR (n = 15)
SD (n = 3)
Discontinued
New lesion
PD

4 8 12 16 20 24 28 32 36 40 44 48 52

80

60

40

20

0

-20

-40

-60

-80

-100

Time (months)
10 050403020

PR
 in

 p
at

ie
nt

s 
w

ho
 re

sp
on

de
d

Death
First PR
Atezolizumab
discontinuation
First PD

A

B

C

D

Figure 1. Clinical activity in stage 2 (n [ 20). KaplaneMeier curves of (A) overall survival and (B) progression-free survival. (C) Spaghetti plot of tumor burden over
time by investigator-confirmed response per RECIST 1.1. (D) Swimlane plot showing duration of investigator-assessed confirmed partial responses per Response
Evaluation Criteria in Solid Tumors 1.1.
CI, confidence interval; CR, complete response; NE, not evaluable; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD,
stable disease.

ESMO Open C. M. Rudin et al.

6 https://doi.org/10.1016/j.esmoop.2023.101160 Volume 8 - Issue 2 - 2023

https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160
https://doi.org/10.1016/j.esmoop.2023.101160


C. M. Rudin et al. ESMO Open
In preclinical studies, activation of the EGFR pathway
induced PD-L1 expression and other immunosuppressive
factors that limit host antitumor immune response, sug-
gesting an active role for EGFR in remodeling the tumor
microenvironment.16 EGFR mutation has been correlated
with increased PD-L1 expression, lack of CD8þ T-cell infil-
tration, and lower tumor mutation burden in pooled clinical
trial and sequence database analyses.43 Elevated PD-L1
expression has also been correlated with poor response
and de novo resistance to EGFR TKIs among patients with
EGFR-mutated NSCLC.44 These data suggest that the im-
mune microenvironment is an important factor in responses
to targeted therapy and imply that patients with poor re-
sponses to EGFR TKIs, especially those with de novo resis-
tance, might in particular benefit from the addition of ICI.

In conclusion, atezolizumab combined with erlotinib
demonstrated a tolerable safety profile and encouraging,
durable clinical activity in patients with NSCLC harboring
EGFR mutations.
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