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ABSTRACT

Introduction: Alectinib is a preferred first-line treatment
option for advanced ALK-positive NSCLC. Combination
regimens of alectinib with immune checkpoint inhibitors
are being evaluated for synergistic effects.

Methods: Adults with treatment-naive, stage IIIB/IV, or
recurrent ALK-positive NSCLC were enrolled into a
two-stage phase 1b study. Patients received alectinib 600
mg (twice daily during cycle 1 and throughout each 21-d
cycle thereafter) plus atezolizumab 1200 mg (d8 of cycle
1 and then d1 of each 21-d cycle). Primary objectives were
to evaluate safety and tolerability of alectinib plus atezoli-
zumab. Secondary objectives included assessments of
antitumor activity.

Results: In total, 21 patients received more than or equal to
1 dose of alectinib or atezolizumab. As no dose-limiting
toxicities were observed in stage 1 (n ¼ 7), the starting
dose and schedule were continued into stage 2 (n ¼ 14).
Median duration of follow-up was 29 months (range: 1–39).
Grade 3 treatment-related adverse events occurred in 57%
of the patients, most often rash (19%). No grade 4 or 5
treatment-related adverse events were reported. Confirmed
objective response rate was 86% (18 of 21; 95% confidence
interval [CI]: 64–97). Median progression-free survival was
not estimable (NE) (95% CI: 13 mo–NE), neither was
median overall survival (95% CI: 33 mo–NE).

Conclusions: The combination of alectinib and atezolizu-
mab is feasible, but increased toxicity was found compared
with the individual agents. With small sample sizes and
relatively short follow-up, definitive conclusions regarding
antitumor activity cannot be made.

� 2022 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 license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Alectinib; Atezolizumab; ALK-positive; Non–small
cell lung cancer; Phase 1b study

Introduction
ALK gene rearrangements (ALK-positive) are onco-

genic drivers in approximately 5% of patients with
advanced NSCLC.1 Alectinib is a next-generation ALK
tyrosine kinase inhibitor (TKI) that is approved and
recommended as a preferred first-line treatment option
for advanced ALK-positive NSCLC.2 In the global phase 3
ALEX study, alectinib significantly improved
progression-free survival (PFS) compared with crizotinib
(median PFS ¼ 34.8 versus 10.9 mo, stratified hazard
ratio [HR] ¼ 0.43, 95% confidence interval [CI]: 0.32–
0.58) and produced a clinically meaningful improvement

in 5-year overall survival (OS) in patients with
treatment-naive ALK-positive NSCLC.3

Atezolizumab is a humanized monoclonal antibody
that blocks the interaction between programmed death-
ligand 1 (PD-L1) and programmed cell death protein 1
and B7.1 (CD80).4 Atezolizumab significantly improved
OS versus docetaxel in previously treated NSCLC in the
randomized, phase 3 OAK study (median OS ¼ 13.8
versus 9.6 mo; HR ¼ 0.73; 95% CI: 0.62–0.87).4 Signifi-
cantly prolonged OS was also reported with atezolizu-
mab relative to platinum-based chemotherapy in the
randomized, phase 3 IMpower110 study in patients with
NSCLC and high PD-L1 expression (median OS ¼ 20.2
versus 13.1 mo; stratified HR ¼ 0.59; 95% CI: 0.40–
0.89).5 Atezolizumab is approved as monotherapy or in
combination with chemotherapy, with or without bev-
acizumab, for several NSCLC indications.6 Approval of
the first-line combination regimen of atezolizumab plus
bevacizumab and chemotherapy was based on results of
the phase 3 IMpower150 study. The combination
regimen produced longer OS and PFS than bevacizumab
plus chemotherapy alone in the intent-to-treat popula-
tion7,8; in addition, prolonged PFS was reported in the
subgroup of patients with EGFR-mutant or ALK-positive
NSCLC (median PFS ¼ 9.7 versus 6.1 mo, HR ¼ 0.59,
95% CI: 0.37–0.94).7 No OS benefit was observed in the
intent-to-treat population with the combination of ate-
zolizumab plus chemotherapy versus bevacizumab plus
chemotherapy.8

Increased tumor cell death is associated with more
effective release and presentation of tumor antigens,
which broadens the T-cell response. Thus, combining
alectinib, a TKI that leads to antigen release, with ate-
zolizumab, an immune checkpoint inhibitor (ICI) that
releases T-cell inhibition to drive tumor cell death, has
the potential to produce additive and durable antitumor
effects in patients with ALK-positive NSCLC. Neverthe-
less, limited data are available. Here, we report the
safety, tolerability, and preliminary antitumor activity of
alectinib in combination with atezolizumab in patients
with advanced ALK-positive NSCLC.

Materials and Methods
This phase 1b, open-label, multicenter study investi-

gated the combination of alectinib plus atezolizumab in
patients with advanced ALK-positive NSCLC and erloti-
nib plus atezolizumab in patients with advanced EGFR-
mutant NSCLC (NCT02013219). It was conducted in the
following two stages: safety evaluation (stage 1) and
expansion (stage 2). We report results from the alectinib
plus atezolizumab arm only.

During stage 1, patients received alectinib 600 mg
orally twice daily during cycle 1 (28d) and throughout
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each 21-day cycle thereafter. Atezolizumab 1200 mg was
administered intravenously on day 8 of cycle 1 and on
day 1 of each subsequent 21-day cycle. In stage 2,
the potential recommended phase 2 dose and schedule
were investigated in an expansion cohort on the basis of
the maximum tolerated dose identified in stage 1.
Additional details regarding the methodology are
included in the Supplementary Materials.

Eligible patients were aged more than or equal to 18
years with treatment-naive, measurable (by Response
Evaluation Criteria in Solid Tumors version 1.1), histo-
logically or cytologically confirmed, stage IIIB/IV or
recurrent NSCLC. Other key inclusion criteria included
the following: confirmed ALK-positive status, adequate
hematologic and end-organ function, Eastern Coopera-
tive Oncology Group performance status score of 0 or 1,
and life expectancy of more than or equal to 12 weeks.
Patients were excluded if they had the following:
received an approved anticancer therapy within 3 weeks
before the initiation of study treatment; received prior
CD137 agonists, ICIs, systemic immunostimulatory
agents, or systemic immunosuppressive medications; or
had known primary central nervous system (CNS)
malignancy or symptomatic CNS metastases.

The primary objective of stage 1 was to identify any
dose-limiting toxicities (DLTs). Additional primary
objectives (for stages 1 and 2) were safety and tolera-
bility evaluations of alectinib plus atezolizumab and to
identify the recommended phase 2 dose and schedule.
Secondary objectives were to make a preliminary
assessment of the antitumor activity of alectinib plus
atezolizumab and to characterize the pharmacokinetics
and immunogenic potential of the combination therapy.

This study was approved by local institutional review
boards or ethics committees. Written informed consent
was obtained from all patients, in accordance with the
principles of the Declaration of Helsinki.

Results
Patients

A total of 22 patients were enrolled between
September 9, 2015, and March 31, 2017, across sites
in South Korea, Spain, United Kingdom, and United
States. At data cutoff (May 7, 2020), 21 patients who
had received more than or equal to 1 dose of alectinib
or atezolizumab were considered assessible for
response and safety (study stage 1, n ¼ 7; study stage
2, n ¼ 14); one patient discontinued before treatment
administration owing to elevated alanine aminotrans-
ferase (ALT) level. All 21 patients had discontinued
study treatments (Supplementary Table 1). Baseline
demographics and disease characteristics are summa-
rized in Table 1.

Safety
The median duration of follow-up was 29 months

(range: 1–39). With alectinib, the median duration of
treatment was 22 months (1–39) and the median num-
ber of doses per cycle was 34 (range: 1–56). The median
duration of treatment with atezolizumab was 10 months
(range: 0–38), and the median number of doses was 15
(range: 1–56).

As no DLTs were reported in stage 1, the starting
dose and schedule were continued into stage 2. The most
frequently reported treatment-emergent adverse events
(AEs) are presented in Supplementary Table 2. Grade 3
treatment-related AEs were experienced by 57% of pa-
tients, with rash (19%) being the most frequently
reported (Table 2). There were no grade 4 or 5
treatment-related AEs. Alectinib-related AEs were
observed in 90% of the patients and atezolizumab-
related AEs in 86% of the patients (Table 2). AEs of
special interest related to liver and lung function
occurred at rates below 30% (Supplementary Table 3);
the most often occurring grade 3 events were rash
(19%), increased blood bilirubin level (10%), and
increased ALT level (10%). Of these, 33.3% of the pa-
tients required treatment with systemic corticosteroids.

AEs resulted in discontinuation of atezolizumab in
seven patients (33%) and to discontinuation of alectinib
in four patients (19%; Supplementary Table 4). A total of
27 AEs resulted in alectinib dose modification or

Table 1. Baseline Demographics and Disease Characteristics
(Safety-Evaluable Patients)

Characteristics Category
All Patients
(N ¼ 21)

Age, y Median (range) 53 (36‒75)
Sex, n (%) Female 9 (43)

Male 12 (57)
Race, n (%) Asian 9 (43)

White 12 (57)
Smoking status, n (%) Current 2 (10)

Prior 6 (29)
Never 13 (62)

Histology type, n (%) Squamous 2 (10)
Non-squamous 19 (90)

ECOG PS, n (%) 0 8 (38)
1 13 (62)

CNS metastasis, n (%) Present 6 (29)
Absent 15 (71)

Prior systemic anticancer
therapy, n (%)

Yesa 2 (10)

No 19 (90)
Prior radiotherapy, n (%) Yes 1 (5)

No 20 (95)
aCisplatin, vinorelbine, carboplatin, pemetrexed, and crizotinib (n ¼ 1) and
carboplatin and paclitaxel (n ¼ 1) before starting the study.
CNS, central nervous system; ECOG PS, Eastern Cooperative Oncology Group
performance status.
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interruption in 14 patients (67%), most often increased
ALT level, dyspnea, and increased blood creatine phos-
phokinase level (10% each). Overall, 19 AEs led to the
interruption of atezolizumab treatment in eight patients
(38%), most often diarrhea (14%).

Antitumor Activity
Investigator-assessed confirmed objective response

rate (ORR) was 86% (18 of 21, 95% CI: 64–97; Table 3).
Median duration of response was not estimable (NE,
95% CI: 12 mo–NE; Supplementary Fig. 1). Most re-
sponses were observed by 4 months and were sustained
over time (Supplementary Fig. 2). Of the patients with
CNS metastases at baseline, five (83%) experienced a
partial response and one (17%) was not evaluable. Me-
dian PFS was not evaluable (13 mo–NE; Table 3 and
Supplementary Fig. 3A) and eight patients (38%) expe-
rienced a PFS event (n ¼ 7 progressive disease; n ¼ 1
death). Median OS was not evaluable (33 mo–NE;
Table 3 and Supplementary Fig. 3B); five patients (24%)
had died at the time of data cutoff.

Biomarkers
Among patients with PD-L1–evaluable tumors, PD-L1

expression (immune cell [IC]0 and tumor cell [TC]
0 [<1%]; IC1 or TC1 [�1% but <5%]; TC2 [�5% but
<50%]) was observed in eight of 15 patients (53.3%) at
baseline (Supplementary Fig. 4). Two patients had PD-L1
expression on both immune and tumor cells, and six
patients had PD-L1 expression on tumor cells only. CD8
T-cell counts were evaluable in 17 of 20 patients at
baseline and ranged from 0.2% to 15% of the central
tumor area, with a median of 0.8%. CD8 T-cell count
increases were observed post-alectinib run-in in seven of
nine paired biopsies collected at screening and day 7 of

cycle 1 (Supplementary Fig. 5); however, no clear asso-
ciation with response was found with CD8 detection.

Discussion
First-line treatment with next-generation TKIs has

improved outcomes for patients with advanced ALK-
positive NSCLC; however, most patients eventually
relapse. It was hypothesized that alectinib plus atezoli-
zumab may provide additive or more prolonged clinical
benefit in this setting, prompting this evaluation of the
toxicity and feasibility of the combination.

The nature of reported AEs was consistent with both
alectinib and atezolizumab monotherapy, but the com-
bination regimen led to an increased rate of AEs and
dose discontinuations or modifications compared with
the individual agents.3–6,9–11 The rate of any-grade AEs
reported by patients receiving alectinib plus atezolizu-
mab in this study was similar to patients who were
treated with alectinib monotherapy in the ALEX study
(97%)9 and those who received atezolizumab mono-
therapy in the phase 3 OAK (94%) and IMpower110
studies (90%).4,5 Nevertheless, a higher rate of grade
more than or equal to 3 AEs was found with alectinib
plus atezolizumab combination therapy in this study
compared with single-agent alectinib or atezolizumab
(67% versus 30%–41%, respectively).4,5,9

All combination regimens of ALK TKIs with ICIs have
reported increased toxicity compared with the individual
agents alone. Severe hepatotoxicity was found in 38% of
patients when treated with crizotinib plus nivolumab,
leading to early study termination.10 Similarly, excessive
short-term gastrointestinal toxicity led to the early
discontinuation of a study evaluating the combination of
crizotinib and ipilimumab.11 A high rate of DLTs was
found in a phase 1 study evaluating the combination of

Table 2. Treatment-Related AEs (Safety-Evaluable Population)

Preferred Term, n (%)

Treatment-Related AEs Alectinib-Related AEs Atezolizumab-Related AEs

Any Grade Grade 3a Any Grade Grade 3a Any Grade Grade 3a

Any AE 20 (95) 12 (57) 19 (90) 10 (48) 18 (86) 9 (43)
Rash 11 (52) 4 (19) 6 (29) 2 (10) 10 (48) 4 (19)
Blood bilirubin increased 6 (29) 2 (10) 6 (29) 2 (10) 1 (5) �
ALT increased 5 (24) 2 (10) 5 (24) 2 (10) 5 (24) 2 (10)
Dyspnea 2 (10) 2 (10) 1 (5) 1 (5) 2 (10) 2 (10)
Liver function test increasedb 2 (10) 1 (5) 1 (5) 1 (5) 2 (10) 1 (5)
Neutropenia 1 (5) 1 (5) 1 (5) 1 (5) 1 (5) 1 (5)
Hypophosphatemia 1 (5) 1 (5) 1 (5) 1 (5) 1 (5) �
Aseptic meningitis 1 (5) 1 (5) � � 1 (5) 1 (5)
Pneumonitis 1 (5) 1 (5) � � 1 (5) 1 (5)
aNo grade 4 or 5 treatment-related AEs were reported.
bTerm used by investigators if multiple liver enzyme tests were elevated in a single patient.
AE, adverse event; ALT, alanine aminotransferase.
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crizotinib plus pembrolizumab,12 although the study was
terminated early owing to the slow enrolment of
patients. Recently, an increase in toxicity, including
incidence of rash, was found with the combination of
ceritinib plus nivolumab in comparison with the
individual agents.13 In contrast, the combination of
lorlatinib plus avelumab was found to have an accept-
able safety profile in patients who have previously
received treatment (a median of 2 prior ALK TKIs).14

The antitumor activity of alectinib plus atezolizumab
was consistent with that previously reported in patients
with advanced ALK-positive NSCLC treated with alectinib
monotherapy for a similar duration in ALEX.9 Here, we
report a confirmed ORR of 86% (95% CI: 64–97), which
is numerically higher than the confirmed ORR reported
in the primary analysis of the ALEX study (71.7% [95%
CI: 63.8–78.7]).15 The PFS rates were similar between
those of the present analysis (72% [95% CI: 52–93]) and
ALEX (68.4% [95% CI: 61.0–75.9]) at 12 months and at
24 months (present analysis: 56% [95% CI: 33–79] and
ALEX: 56.6%).3,9

Although no unexpected safety findings were identi-
fied with the combination of alectinib and atezolizumab,
the incidence of treatment-related grade 3 AEs and
treatment discontinuations of both drugs owing to AEs
were higher than those reported with either drug alone
in prior clinical trials. The antitumor activity of the
combination was broadly similar to alectinib mono-
therapy. Nevertheless, given the relatively short follow-

up, definitive conclusions regarding antitumor activity
cannot be made. In light of the differences in study
design and the very small sample size in the present
study, any comparisons with single-agent and other
combination studies should be interpreted with caution.
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