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ABSTRACT

Introduction: The JAVELIN Lung 101 phase 1b/2 trial eval-
uated avelumab (immune checkpoint inhibitor) combined
with lorlatinib or crizotinib (tyrosine kinase inhibitors) in
ALK-positive or ALK-negative advanced NSCLC, respectively.

Methods: Starting doses of lorlatinib 100 mg once daily
or crizotinib 250 mg twice daily were administered with
avelumab 10 mg/kg every 2 weeks. Primary objectives
were assessment of maximum tolerated dose (MTD) and
recommended phase 2 dose in phase 1 and objective
response rate in phase 2. Primary end points were dose-
limiting toxicity (DLT) and confirmed objective response
per Response Evaluation Criteria in Solid Tumors,
version 1.1.
Results: In the avelumab plus lorlatinib group (ALK-posi-
tive; n ¼ 31; 28 in phase 1b; three in phase 2), two of 28
assessable patients (7%) had DLT, and the MTD and
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recommended phase 2 dose was avelumab 10 mg/kg every
2 weeks plus lorlatinib 100 mg once daily. In the avelumab
plus crizotinib group (ALK-negative; n ¼ 12; all phase 1b),
five of 12 assessable patients (42%) had DLT, and the MTD
was exceeded with avelumab 10 mg/kg every 2 weeks plus
crizotinib 250 mg twice daily; alternative crizotinib doses
were not assessed. Objective response rate was 52% (95%
confidence interval, 33%–70%) with avelumab plus lorla-
tinib (complete response, 3%; partial response, 48%) and
25% (95% confidence interval, 6%–57%) with avelumab
plus crizotinib (all partial responses).

Conclusions: Avelumab plus lorlatinib treatment in ALK-
positive NSCLC was feasible, but avelumab plus crizotinib
treatment in ALK-negative NSCLC could not be administered
at the doses tested. No evidence of increased antitumor
activity was observed in either group.

ClinicalTrials.gov identifier: NCT02584634

Copyright � 2024 by the International Association for the
Study of Lung Cancer. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction
Treatment strategies for patients with advanced

NSCLC are based on consideration of targetable driver-
gene alterations, programmed death-ligand 1 (PD-L1)
expression, and tumor histology.1,2 Tyrosine kinase
inhibitors (TKIs) are an established treatment option
for patients whose tumors have actionable gene al-
terations, with ALK TKIs used for tumors with ALK
rearrangements (ALK positive). For patients whose
tumors do not harbor actionable gene alterations,
guidelines recommend several immune checkpoint
inhibitor (ICI)-based regimens, including ICI mono-
therapy for patients whose tumors have high PD-L1
expression and ICI–based combinations for other
patients.1,2

Crizotinib is a multitargeted ALK TKI that also sup-
presses c-MET and ROS1 and was the first drug
approved for ALK-positive metastatic NSCLC; however,
most patients receiving crizotinib develop disease pro-
gression due to ALK mutations, up-regulation of bypass
signaling pathways, or central nervous system metas-
tasis.3–5 Although second-generation ALK TKIs have
been developed, including ceritinib, alectinib, and brig-
atinib, disease progression due to ALK mutations occurs
in more than half of treated patients.4,6–8 Lorlatinib is an
approved third-generation, central nervous system–
penetrant ALK TKI with activity against ALK mutations
that develop during treatment with crizotinib or other
ALK TKIs.9–11

Avelumab is an anti–PD-L1 ICI approved in various
countries as monotherapy for metastatic Merkel cell
carcinoma, first-line maintenance treatment (in patients
whose disease has not progressed with first-line plat-
inum-containing chemotherapy) and second-line treat-
ment for locally advanced or metastatic urothelial
carcinoma, and first-line treatment for advanced renal
cell carcinoma in combination with axitinib.12,13 In a
phase 1b cohort of the JAVELIN Solid Tumor trial, ave-
lumab was found to have antitumor activity and an
acceptable safety profile as first-line treatment in pa-
tients with EGFR- or ALK-negative advanced NSCLC.14 In
a phase 3 trial of avelumab versus docetaxel as second-
line treatment for PD-L1–positive advanced NSCLC
(JAVELIN Lung 200), overall survival (OS) differences
did not reach statistical significance in the overall pop-
ulation, but 2-year OS rates were doubled with avelumab
in subgroups defined by tumors with higher PD-L1
expression.15,16 In a phase 3 trial of avelumab versus
platinum doublet chemotherapy as first-line treatment
for PD-L1–high NSCLC (JAVELIN Lung 100), differences
in OS and progression-free survival (PFS; primary end
points) were not statistically significant.17

TKIs have various immunomodulatory effects in the
tumor microenvironment,18 providing a rationale for
assessing ICI plus TKI combinations in patients with
ALK-positive or ALK-negative advanced NSCLC. For
example, ALK rearrangements induce PD-L1 expression,
raising the possibility that ICI plus ALK TKI combination
treatment might have enhanced activity in ALK-positive
NSCLC.19–24 In addition, ALK inhibition has been found
to have immunostimulatory effects, including increased
CD8-positive T-cell accumulation in tumors in vivo and
promotion of T-cell interactions with cancer cells
ex vivo.25,26 In clinical studies, ICI plus ALK TKI combi-
nations (nivolumab þ crizotinib; nivolumab þ ceritinib;
atezolizumab þ alectinib; pembrolizumab þ crizotinib)
were found to have an antitumor activity, although some
combinations had increased toxicity compared with
single agents27–38; however, studies of ICI plus lorlatinib
treatment in patients with ALK-positive tumors are
needed. Furthermore, interactions between c-MET and
its ligand hepatocyte growth factor induce immunosup-
pressive effects in various immune cell types within the
tumor microenvironment, which can be reversed by c-
MET inhibition.39 Thus, inhibition of both ALK and c-
MET by crizotinib provides a rationale for evaluating ICI
plus crizotinib combination treatment in patients with
ALK-negative NSCLC.

Here, we report results from the JAVELIN Lung 101
phase 1b/2 dose-finding trial in patients with locally
advanced or metastatic NSCLC, which evaluated the
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safety, efficacy, and pharmacokinetics (PK) of avelumab
in combination with lorlatinib in patients with ALK-
positive tumors or in combination with crizotinib in
patients with ALK-negative tumors.
Materials and Methods
Study Design and Patients

JAVELIN Lung 101 (NCT02584634) was a phase
1b/2, multicenter, open-label, dose-finding study.
Eligible patients were aged at least 18 years (�20 y in
Japan) and had locally advanced or metastatic NSCLC;
one or more measurable lesion per Response Evalua-
tion Criteria in Solid Tumors, version 1.1 (RECIST 1.1)
that had not previously been irradiated; Eastern
Cooperative Oncology Group performance status of
0 to 2; life expectancy of at least 3 months; adequate
bone marrow, renal, liver, and pancreatic functions
(absolute neutrophil count � 1.5 � 109/L, platelet
count � 100 � 109/L, hemoglobin � 109 g/dL, esti-
mated creatinine clearance � 30 mL/min according to
the Cockcroft-Gault formula, total bilirubin level �
1.5� the upper limit of normal [ULN], aspartate
aminotransferase [AST] or alanine aminotransferase
[ALT] � 2.5 � ULN, and serum amylase or lipase <

1.5 � ULN); no prior immunotherapy; and available
tumor tissue (archived tissue or fresh biopsy).

In the phase 1b portion, patients in the avelumab plus
lorlatinib group had ALK-positive tumors and any num-
ber of prior regimens (including zero); prior treatment
with lorlatinib was permitted. In the phase 2 portion, the
avelumab plus lorlatinib group was limited to patients
with no prior systemic treatment for advanced or met-
astatic disease (adjuvant or neoadjuvant treatment was
permitted if completed �6 mo before study entry) and
no prior TKI treatment at any time. PD-L1 status was not
considered in eligibility criteria. Patients in the avelumab
plus crizotinib group were previously treated and had
ALK-negative tumors with no ROS1 translocations or c-
MET amplification or exon 14 skipping mutations; pa-
tients with EGFR mutations were permitted if they had
disease progression after prior EGFR inhibitor treatment.

Exclusion criteria included major surgery within 4
weeks or radiation therapy within 2 weeks before study
entry (prior palliative radiotherapy was permitted if
completed �48 h before patient registration); systemic
cytotoxic anticancer therapy within 2 weeks or TKI
therapy within 5 half-lives before study entry; brain
metastases with some exceptions (patients with brain
metastases were eligible for the avelumab plus crizotinib
group if they had completed treatment and recovered
from acute effects of radiotherapy or surgery before
study entry, had discontinued corticosteroid treatment
for �4 wk, and were neurologically stable; patients with
brain metastases were eligible for the avelumab plus
lorlatinib group if they had asymptomatic metastases
requiring <10 mg/d prednisone or equivalent); persis-
tent toxicity greater than grade 1 related to previous
therapy (excluding grade 2 alopecia); diagnosis of any
other malignancy within 3 years before study entry
(except for adequately treated basal or squamous cell
skin cancer, carcinoma in situ of the breast or cervix, or
low-grade prostate cancer [Gleason 6 or below] without
any plans for treatment intervention); and prior use of
immunosuppressive medication within 7 days before
randomization (except for intranasal, inhaled, or topical
steroids or local steroid injections; systemic corticoste-
roids at physiological doses; or steroids as premed-
ication for hypersensitivity).

This trial was conducted in accordance with the
ethical principles of the Declaration of Helsinki and the
Good Clinical Practice guidelines defined by the Inter-
national Council for Harmonisation. All participating
patients provided written informed consent. The proto-
col was approved by the institutional review board or
independent ethics committee at each participating
center.
Procedures
Avelumab 10 mg/kg was administered every 2 weeks

by intravenous (IV) infusion in both treatment groups.
Lorlatinib was administered orally as 25 mg tablets, with
a starting dose of 100 mg once daily. Crizotinib was
administered orally as 250 mg capsules, with a starting
dose of 250 mg twice daily. Patients were treated until
disease progression, unacceptable toxicity, or other
protocol-specified criteria for withdrawal occurred.
Discontinuation of one drug due to treatment-related
toxicity with continuation of treatment as monotherapy
was permitted outside of the dose-limiting toxicity (DLT)
period. Follow-up periods were 30, 60, and 90 days after
the last study treatment.
End Points and Assessments
The primary objective in phase 1b was to determine

the maximum tolerated dose (MTD) and recommended
phase 2 dose (RP2D) for avelumab in combination with
either lorlatinib or crizotinib. The primary objective in
phase 2 was to assess the objective response rate (ORR)
in all patients and the complete response (CR) rate in the
avelumab plus lorlatinib group per RECIST 1.1. The
primary end point in phase 1b was occurrence of DLT
within the first 2 treatment cycles (14-d cycle). The
primary end point in phase 2 was confirmed objective
response per RECIST 1.1 by investigator assessment
(including CR in the avelumab plus lorlatinib group).
Secondary end points included safety, OS, PK, tumor
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tissue biomarkers, duration of response (DOR; assessed
from CR or partial response [PR] until progressive dis-
ease [PD], death, or last tumor assessment), disease
control rate (DCR), time to response (TTR), and PFS, all
assessed by investigator per RECIST 1.1.

The MTD was the highest dose of avelumab plus
lorlatinib or crizotinib associated with DLT in fewer than
33% of patients within the first 2 cycles of treatment.
DLT was defined as the occurrence of any of the
following adverse events (AEs) attributable to one or
more drug during the primary DLT observation period:
(1) hematologic AEs comprising grade 4 neutropenia
lasting more than 7 days; febrile neutropenia; grade 3 or
higher neutropenic infection; grade 3 or higher throm-
bocytopenia with bleeding; grade 4 thrombocytopenia;
and grade 4 anemia; (2) nonhematologic AEs comprising
any toxicity of grade 3 or higher except for the following:
transient (�6 h) grade 3 flu-like symptoms or fever
controlled with medical management; transient (�24 h)
grade 3 fatigue, local reactions, or headache; grade 3
nausea or vomiting that resolved to grade 1 or lower
within 7 days with medical management; grade 3 diar-
rhea or skin toxicity that resolved to grade 1 or lower
within 7 days with medical management; grade 3 or
higher amylase or lipase abnormality not associated with
pancreatitis; tumor flare phenomenon (local pain, irri-
tation, or rash localized at tumor site); or an abnormal
laboratory value that is unlikely related to study treat-
ment; and (3) inability to complete 75% of lorlatinib or
crizotinib treatment or two infusions of avelumab due to
treatment-related toxicities.

AEs and laboratory test abnormalities were graded
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.03
and coded using the Medical Dictionary for Regulatory
Activities. Infusion-related reaction (IRR) was
analyzed as an AE of special interest using a com-
posite definition that included the following preferred
terms: infusion-related reaction, chills, pyrexia, and
dyspnea. Antitumor activity was assessed radiologi-
cally at screening, at week 8, and then every 8 weeks
until PD. Tumor responses were confirmed at least 4
weeks after initial documentation of a CR or PR. PD-
L1 status was determined centrally using the Ven-
tana PD-L1 (SP263) immunohistochemistry assay
(Roche Diagnostics, Indianapolis, IN); PD-L1–positive
status was defined as a combined positive score (tu-
mor and immune cells) of at least 1%.

PK parameters of avelumab, lorlatinib, and crizoti-
nib were evaluated using blood samples. For PK ana-
lyses of avelumab, 3.5-mL samples were collected
before infusion and 1 hour after infusion on day 1 and
at any time on day 8 of cycles 1 and 2. Additional
samples were collected on day 1 of cycles 3 to 5,
followed by day 1 every 6 cycles thereafter, and at the
end of treatment. For PK analyses of lorlatinib and
crizotinib, samples (4 mL and 3 mL, respectively) were
collected predose and at 1, 2, 4, 6, and 8 hours postdose
on day 1 of cycle 2. Sparse blood samples were
collected predose on day 1 of cycles 4 and 7. For all
patients enrolled in phase 2, predose blood samples
were collected on day 1 of cycles 2, 4, and 7.

Safety and efficacy were assessed in all patients who
received at least one dose of the study drug (safety
analysis set and full analysis set). DLT was evaluated in
all patients in phase 1b who received at least one dose
of the study drug and either had DLT during the first 2
cycles of treatment or completed the observation period
for the first 2 cycles; patients without DLT who received
less than 75% of the doses of lorlatinib or crizotinib in
the first 2 cycles or less than two avelumab infusions for
reasons other than study drug-related toxicity were
replaced. Response according to PD-L1 status was
assessed in the biomarker analysis set, which included
all patients in the safety analysis set who had at least
one baseline biomarker assessment and had received at
least one dose of any study drug. Kaplan-Meier esti-
mates were used for time-to-event analyses, and the
confidence interval (CI) for the median was calculated
according to Brookmeyer and Crowley methodology.

PK parameters were assessed in the PK analysis set,
which included all patients in the safety analysis set who
had sufficient concentration data to estimate at least one
PK parameter of interest. Trough plasma concentration
(Ctrough) and maximum plasma concentration (Cmax) for
avelumab, lorlatinib, and crizotinib were summarized
descriptively (n, mean, standard deviation, percentage of
coefficient of variation [CV], median, minimum,
maximum, geometric mean, CV, and 95% CI) by treat-
ment group, cycle, and day.

Other PK parameters included time to maximum
plasma concentration, time of last measurable concen-
tration, area under the plasma concentration-time curve
during the dosing interval time course, area under the
concentration-time curve from time of dosing to the last
collection time point, and apparent plasma clearance (CL/
F). For the metabolite of crizotinib, metabolite-to-parent
ratio for area under the plasma concentration versus
time curve during the dosing interval time course and the
metabolite-to-parent ratio for Cmax were also determined.
Dose-normalized parameters for lorlatinib and crizotinib
(including its metabolite) were also determined.
Results
Patient Characteristics and Disposition

Between December 18, 2015, and March 6, 2018, 66
patients were screened and 43 were enrolled at 16



Table 1. Patient Baseline Characteristics

Characteristic

Avelumab þ
Lorlatinib
(n ¼ 31)

Avelumab þ
Crizotinib
(n ¼ 12)

Age, median (range), y 54 (30–77) 60 (43–76)
Sex, n (%)

Female 19 (61) 6 (50)
Male 12 (39) 6 (50)

Race, n (%)
Asian 17 (55) 8 (67)
White 13 (42) 4 (33)
American Indian or

Alaska Native
1 (3) 0

ECOG PS, n (%)
0 11 (36) 3 (25)
1 17 (55) 9 (75)
2 3 (10) 0

History of smoking, n (%)
Current 0 1 (8)
Former 6 (19) 7 (58)
Never 25 (81) 4 (33)

PD-L1 status, n (%)a

Positive 20 (65) 7 (58)
Negative 4 (13) 2 (17)
Unknown 7 (23) 3 (25)

Histopathologic
classification, n (%)

Adenocarcinoma 28 (90) 11 (92)
Squamous cell carcinoma 1 (3) 1 (8)
Other 1 (3) 0

Prior anticancer drug
regimens, n (%)

0 4 (13) 0
1 6 (19) 2 (17)
‡2 21 (68) 10 (83)

Prior anticancer drug regimens
for advanced or metastatic
disease, n (%)
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centers across the United States, Australia, France, Spain,
South Korea, and Japan. Patients received either avelu-
mab plus lorlatinib (n ¼ 31; 28 in phase 1b and three in
phase 2) or avelumab plus crizotinib (n ¼ 12; all in
phase 1b). In both treatment groups, all patients
received starting doses (no other dose levels were
administered). Most patients were Asian, had Eastern
Cooperative Oncology Group performance status of 1 or
2, had PD-L1–positive tumors, had tumors with non-
squamous histology, and had received at least two prior
anticancer drug regimens (Table 1). Most patients (27 of
31) in the avelumab plus lorlatinib group had received
prior therapy with an ALK TKI, and most patients (eight
of 12) in the avelumab plus crizotinib group had a his-
tory of smoking.

On July 13, 2022 (data cutoff date), the study was
stopped, and five patients with ongoing avelumab plus
lorlatinib treatment were moved to a continued access
study (NCT05059522); no patient had ongoing avelu-
mab plus crizotinib treatment. The most common reason
for permanent treatment discontinuation in both treat-
ment groups was PD (Supplementary Table 1). Median
follow-up for OS was 42 months in the avelumab plus
lorlatinib group and 35 months in the avelumab plus
crizotinib group. Median duration of exposure in the
avelumab plus lorlatinib group was 42 weeks (range, 2–
308 wk) for avelumab and 46 weeks (range, 2–308 wk)
for lorlatinib; in the avelumab plus crizotinib group,
median duration of exposure was 15 weeks (range, 4–
126 wk) for avelumab and 6 weeks (range, 2–32 wk) for
crizotinib. In the avelumab plus lorlatinib and avelumab
plus crizotinib groups, 13 of 31 (42%) and seven of 12
(58%) patients received subsequent anticancer treat-
ment, respectively.
0 5 (16) 2 (17)
1 7 (23) 2 (17)
‡2 19 (61) 8 (67)

Prior ALK TKI regimens, n (%)
0 4 (13) 12 (100)
1 9 (29) 0
‡2 18 (58) 0

aPD-L1–positive status was defined as a combined positive score of at least
1% (Ventana PD-L1 [SP263] IHC assay).
ECOG PS, Eastern Cooperative Oncology Group performance status; IHC,
immunohistochemistry; PD-L1, programmed death-ligand 1; TKI, tyrosine
kinase inhibitor.
DLT and Safety
In DLT-assessable patients in the avelumab plus

lorlatinib group (n ¼ 28), two patients (7%) had a DLT
(ALT increased in both patients; Table 2). The MTD and
RP2D was determined to be avelumab 10 mg/kg IV
every 2 weeks plus lorlatinib 100 mg once daily, and
administration of avelumab in combination with lorlati-
nib at these doses was deemed feasible.

In patients assessable for safety in the avelumab
plus lorlatinib group (n ¼ 31), treatment-emergent AEs
(TEAEs) occurred in 30 patients (97%), including grade
3 or higher TEAEs in 23 patients (74%) (Table 3). The
most common any-grade TEAE was blood cholesterol
increased in 19 patients (61%) (Supplementary
Table 2). IRR occurred in nine patients (29%). The
most common grade 3 or higher TEAEs were lipase
increased and hypertriglyceridemia in four patients
(13%) each. Treatment-related AEs (TRAEs) occurred
in 28 patients (90%), including grade 3 or higher TRAEs
in 16 patients (52%). Serious TEAEs occurred in 21
patients (68%), and the most common serious TEAE
(�2 patients) was pneumonia in three patients (10%)
(Supplementary Table 3). TEAEs leading to death
occurred in four patients (13%), including sudden
death, NSCLC, cerebral hemorrhage, and dyspnea (n ¼ 1
each); only dyspnea was considered related to the
treatment (Table 3).



Table 2. DLT in Assessable Patients

Parameter, (n%)

Avelumab þ
Lorlatinib
(n ¼ 28)

Avelumab þ
Crizotinib
(n ¼ 12)

DLT 2 (7) 5 (42)
ALT increased 2 (7) 2 (17)
AST increased 0 2 (17)
ECG QT prolonged 0 1 (8)
Febrile neutropenia 0 1 (8)
Immune-mediated

hepatitis
0 1 (8)

Rash 0 1 (8)

Note: Patients with more than one DLT are counted only once.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; DLT, dose-
limiting toxicity; ECG, electrocardiogram.
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In DLT-assessable patients in the avelumab plus
crizotinib group, five of 12 patients (42%) had DLT, and
the most common AEs resulting in DLT were ALT
increased and AST increased (two of 12 patients [17%]
each) (Table 2). The MTD was exceeded with avelumab
10 mg/kg IV every 2 weeks plus crizotinib 250 mg
twice daily. Because of the high occurrence of DLTs in
this group, it was decided that alternative doses would
not be assessed and that the MTD could not be identi-
fied; thus, the prespecified criterion to proceed to phase
2 (observation of treatment responses at the MTD) was
not met.

In patients assessable for safety in the avelumab plus
crizotinib group (n ¼ 12), TEAEs occurred in all patients,
including grade 3 or higher TEAEs in seven patients
(58%) (Table 3). The most common any-grade TEAE was
nausea in seven patients (58%), which was considered
treatment related in all patients (Supplementary
Table 2). IRR (AE of special interest) occurred in five
patients (42%). The most common grade 3 or higher
Table 3. Safety Summary

AE, n (%)

TEAE, any grade
Grade ‡3

TRAE, any grade
Grade ‡3

TEAE leading to permanent discontinuation of any study drug
TEAE leading to permanent discontinuation of all study drugs
TRAE leading to permanent discontinuation of avelumab
TRAE leading to permanent discontinuation of crizotinib
TRAE leading to permanent discontinuation of lorlatinib
TEAE leading to death
TRAE leading to death
IRR (AE of special interest)

AE, adverse event; IRR, infusion-related reaction; TEAE, treatment-emergent A
TEAE was ALT increased in two patients (17%), which
was considered treatment related in both patients.
TRAEs occurred in all patients, including grade 3 or
higher TRAEs in six patients (50%). Serious TEAEs
occurred in five patients (42%) in the avelumab plus
crizotinib group, with no single serious TEAE occurring
in more than one patient (Supplementary Table 3). One
patient (8%) had a TEAE that led to death (disease
progression, considered unrelated to treatment;
Table 3).
Efficacy
In the avelumab plus lorlatinib group (n ¼ 31), the

confirmed ORR was 51.6% (95% CI, 33%–70%); one
patient (3%) had a CR and 15 patients (48%) had a PR
(Table 4). Median TTR was 1.8 months (range, 1.3–3.7
mo), and median DOR was 14.7 months (range, 3.7 mo–
not assessable). The DCR with avelumab plus lorlatinib
was 71% (95% CI, 52%–86%). Best percentage change
from baseline in target lesions is shown in Figure 1A.
Median PFS and median OS were 6.4 months (95% CI,
3.7–9.2 mo) and 32.9 months (95% CI, 10.7 mo–not
assessable), respectively (Fig. 2A). The 2-year OS rate
was 50% (95% CI, 31%–67%).

In the avelumab plus crizotinib group, the confirmed
ORR was 25% (95% CI, 6%–57%) based on PR in three
of 12 patients (no CRs; Table 4). Median TTR was 1.4
months (range, 1.4–6.9 mo), and median DOR was 3.7
months (range, 3.7–4.6 mo). The DCR with avelumab
plus crizotinib was 58% (95% CI, 28%–85%). Best
percentage change from baseline in target lesions is
shown in Figure 1B. Median PFS and median OS were
3.7 months (95% CI, 1.5–5.5 mo) and 16.4 months
(95% CI, 5.4–27.6 mo), respectively (Fig. 2B). The 2-
year OS rate was 25% (95% CI, 6%–50%).
Avelumab þ
Lorlatinib (n ¼ 31)

Avelumab þ
Crizotinib (n ¼ 12)

30 (97) 12 (100)
23 (74) 7 (58)
28 (90) 12 (100)
16 (52) 6 (50)
10 (32) 6 (50)
1 (3) 3 (25)
9 (29) 2 (17)
0 5 (42)
2 (7) 0
4 (13) 1 (8)
1 (3) 0
9 (29) 5 (42)

E; TRAE, treatment-related AE.



Table 4. Summary of Responses per Investigator Assessment

Response

Avelumab þ
Lorlatinib
(n ¼ 31)

Avelumab þ
Crizotinib
(n ¼ 12)

Confirmed best overall
response, n (%)

CR 1 (3) 0
PR 15 (48) 3 (25)
SD 6 (19) 4 (33)
PD 7 (23) 5 (42)
NE 2 (7) 0
ORR (95% CI), % 52 (33–70) 25 (6–57)
Median TTR
(range), mo

1.8 (1.3–3.7) 1.4 (1.4–6.9)

Median DOR
(95% CI), mo

14.7 (3.7–NE) 3.7 (3.7–4.6)

DCR (95% CI), % 71 (52–86) 58 (28–85)

CI, confidence interval; CR, complete response; DCR, disease control rate;
DOR, duration of response; NE, not evaluable; ORR, objective response rate;
PD, progressive disease; PR, partial response; SD, stable disease; TTR, time
to response.
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Biomarker Analyses
In the avelumab plus lorlatinib group, 24 patients

were assessable for PD-L1 status; in the PD-L1–positive
(n ¼ 20) and PD-L1–negative (n ¼ 4) subgroups, the
ORR was 50% and 75% and the DCR was 65% and 75%,
respectively (Supplementary Table 4). In the avelumab
plus crizotinib group, nine patients were assessable for
PD-L1 status; none of the patients had a response, and
the DCR in the PD-L1–positive (n ¼ 7) and PD-L1–
negative (n ¼ 2) subgroups was 43% (95% CI, 0%–
41%) and 50% (95% CI, 1%–99%), respectively.
PK Analyses
In patients who received avelumab in combination

with lorlatinib or crizotinib, the Cmax for avelumab was
Figure 1. Best percentage change from baseline in sum of diam
avelumab plus lorlatinib and (B) avelumab plus crizotinib grou
programmed death-ligand 1; PR, partial response; SD, stable d
similar on cycle 1 day 1 and cycle 2 day 1, and Ctrough
level reached steady state above 10 mg/mL at cycle 2
(Supplementary Fig. 1). The steady-state plasma PK of
lorlatinib in combination with avelumab was similar to
that of previously reported exposure with lorlatinib
monotherapy (Supplementary Table 5).10 Serum con-
centrations of avelumab were similar across patients in
either treatment group. Exposures for crizotinib and its
metabolite in combination with avelumab were similar
to those reported for crizotinib monotherapy
(Supplementary Tables 6 and 7).40,41 The variability of
crizotinib CL/F was high because of the small sample
size.
Discussion
JAVELIN Lung 101 evaluated the safety, efficacy,

and PK of avelumab in combination with lorlatinib or
crizotinib for patients with ALK-negative or ALK-posi-
tive advanced NSCLC, respectively. Most patients had
received previous treatment for advanced or meta-
static disease. Avelumab plus lorlatinib had a
manageable safety profile, whereas avelumab plus
crizotinib resulted in DLT in five of 12 patients (42%).
The MTD and RP2D for avelumab plus lorlatinib was
determined to be avelumab 10 mg/kg IV every 2
weeks plus lorlatinib 100 mg once daily. The MTD for
avelumab plus crizotinib was exceeded at the doses
administered (10 mg/kg IV every 2 wk and 250 mg
twice daily, respectively), and this combination did
not proceed to phase 2. Enrollment was stopped
early based on the incidence of hepatic toxicity in the
avelumab plus crizotinib group and the changing
treatment landscape for patients with metastatic
ALK-positive NSCLC. Co-administration of avelumab
with lorlatinib or crizotinib had no clinically meaningful
eters for target lesions per investigator assessment in the (A)
ps. CR, complete response; PD, progressive disease; PD-L1,
isease.



Figure 2. Kaplan-Meier analysis of OS and PFS in the (A) avelumab plus lorlatinib and (B) avelumab plus crizotinib groups. OS,
overall survival; NR, not reached; PFS, progression-free survival.
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effect on lorlatinib or crizotinib PK based on compari-
sons with historical monotherapy data.3,9

Antitumor activity was observed with avelumab plus
lorlatinib in patients with ALK-positive tumors and
avelumab plus crizotinib in patients with ALK-negative
tumors. The ORR for avelumab plus lorlatinib was
similar to the ORR reported in a prior study of lorlatinib
monotherapy in patients with advanced, ALK-positive
NSCLC who had previously received two or more TKIs
(52% versus 46%, respectively).10 Median PFS with
avelumab plus lorlatinib was comparable with results
from a phase 2 study of lorlatinib monotherapy in sub-
groups of patients with ALK-positive NSCLC who had
prior ALK TKI treatment (6.4 versus 6.9–7.3 mo,
respectively).11 The ORR for avelumab plus crizotinib in
our study (25%) was similar to the ORR reported with
avelumab monotherapy in a cohort of patients with un-
treated advanced NSCLC without ALK or EGFR alter-
ations who were unselected based on PD-L1 status
(20%) and higher than the ORR reported with avelumab
monotherapy in a cohort of platinum-treated patients
(12%).14,42 No meaningful difference was observed in
response to treatment based on PD-L1 status. This study
was limited by the small sample size, and firm conclu-
sions cannot be drawn.

In all previous clinical studies of ICI plus ALK TKI
combination therapy in patients with ALK-positive
NSCLC, increased toxicity has been reported compared
with single-agent treatment.27–30 The reason for the
higher toxicity in the avelumab plus crizotinib group
versus the avelumab plus lorlatinib is unknown but
could be due to the lower kinase selectivity of crizotinib
versus lorlatinib, which may result in additional effects
when crizotinib is administered in combination with an
ICI. The high toxicity with avelumab plus crizotinib in
this study is consistent with previous reports of ICIs
combined with crizotinib. In the CheckMate 370 trial,
38% of patients treated with nivolumab plus crizotinib
had grade 3 or higher hepatotoxicity, and the study was
terminated early.27 Similarly, with pembrolizumab plus
crizotinib, the incidence of grade 3 or higher ALT or AST
was high, and the study was terminated early.30

Although combination therapy with nivolumab plus
ceritinib or atezolizumab plus alectinib was found to
have preliminary antitumor activity, increased toxicity
compared with single agents was also observed.28,29
Conclusion
Avelumab plus lorlatinib combination treatment was

feasible in patients with ALK-positive advanced NSCLC,
but antitumor activity did not seem to be substantially
increased compared with previous studies of lorlatinib
monotherapy. Avelumab plus crizotinib combination
treatment was associated with toxicity issues at the
doses evaluated. Results from this study and changes in
the treatment landscape in advanced NSCLC do not
support further studies of these combinations.
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