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ABSTRACT

Introduction: MET amplification is a potentially actionable
resistance mechanism in ALK-rearranged (ALKþ) lung
cancer. Studies describing treatment outcomes of this mo-
lecular subgroup are lacking.

Methods: We assembled a cohort of patients with ALKþ
lung cancer and acquired MET amplification (identified by
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tissue or plasma) who received regimens targeting both
ALK and MET. Efficacy and safety were assessed using the
Response Evaluation Criteria in Solid Tumors version 1.1
and Common Terminology Criteria for Adverse Events
version 4.03, respectively.
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1–5) lines of therapy. Four distinct regimens were imple-
mented to address MET amplification: crizotinib (n ¼ 2),
lorlatinib plus crizotinib (n ¼ 6), alectinib plus capmatinib
(n ¼ 3), and alectinib plus crizotinib (n ¼ 1). Partial re-
sponses were observed in five (42%) of 12 patients,
including patients who received crizotinib (n ¼ one of two),
lorlatinib plus crizotinib (n ¼ three of six), and alectinib
plus capmatinib (n ¼ one of three). Primary progression
was observed in four patients (33%). Grades 1 to 2 pe-
ripheral edema, occurring in seven (58%) patients, was
found with both crizotinib and capmatinib. One patient
required dose reduction of capmatinib plus alectinib for
persistent grade 2 edema. Across the regimens, one patient
discontinued therapy for toxicity, specifically neuro-
cognitive toxicity from lorlatinib plus crizotinib. At pro-
gression on ALKþ MET therapy, potential resistance
mechanisms included MET copy number changes and ALK
kinase domain mutations.

Conclusions: Combined ALK and MET inhibition is associ-
ated with moderate antitumor activity in patients with
ALKþ NSCLC with concurrent MET amplification. Prospec-
tive studies are indicated to confirm activity and identify
individuals most likely to benefit from the treatment.

� 2023 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/).

Keywords: ALK; MET amplification; Capmatinib; Crizotinib;
Alectinib; Lorlatinib
Introduction
ALK-rearranged (i.e., ALKþ) NSCLC is associated with

sensitivity to ALK tyrosine kinase inhibitors (TKIs).1,2

Despite this initial sensitivity to ALK-targeted therapies,
many ALKþ NSCLCs will eventually develop ALK-
independent resistance mechanisms that limit the effi-
cacy of ALK TKIs.3,4 Of the diverse bypass pathways
implicated in ALK-independent resistance, MET activation
is among the most common genetic mechanisms, with
studies reporting this resistance mechanism in approxi-
mately 15% to 20% of biopsies from patients relapsing on
next-generation ALK TKIs, including alectinib and lorla-
tinib.3 With the paradigm shift favoring next-generation
ALK TKIs without MET activity over the ALK/MET TKI
crizotinib for initial treatment of advanced ALKþ NSCLC,
the relevance of MET bypass signaling as a mechanism of
resistance to ALK-targeted therapy is anticipated to
increase.3

Although MET activation represents a potentially
actionable bypass signaling mechanism in ALKþ
NSCLC,3,5 prospective clinical trials exploring efficacy of
MET-directed therapies in ALKþ NSCLC are lacking.
Currently, evidence of efficacy of this approach is
limited to case reports. In EGFR-mutant NSCLC, adding
a MET TKI to osimertinib yields partial responses in
30% to 50% of MET-amplified EGFRþ NSCLCs in
clinical trials,6,7 suggesting that tumors with this
resistance mechanism can benefit from inhibiting MET
signaling. Here, we present outcomes of 12 patients
with MET-amplified ALKþ NSCLC who received ther-
apies targeting both ALK and MET.
Materials and Methods
Data Collection and Molecular Testing

Using an institutional database, we identified patients
with ALKþ NSCLC with acquired MET amplification who
had received regimens targeting both ALK and MET.
MET amplification was identified by tissue or plasma
testing. In plasma, MET amplification was defined as
absolute MET plasma copy number more than or equal
to 2.1 without evidence of aneuploidy/polysomy using
the Guardant360 assay.8 In tissue, MET amplification
was defined as MET to centromere 7 (MET:CEP7) ratio
of more than or equal to 2.2 as calculated by fluores-
cence in situ hybridization or was determined on the
basis of copy number as previously described using the
FoundationOne assay.9 The FoundationOne, Guar-
dant360, and SNaPshot NGS assay results were also
reviewed to identify ALK kinase domain mutations and
co-alterations involving other genes for patients in this
series.10

Patients received one of four regimens (crizotinib,
lorlatinib þ crizotinib, alectinib þ capmatinib, or
alectinib þ crizotinib) on the basis of treating physician
discretion and ease of access to the various regimens. Six
patients (50%) received combinations targeting both
ALK and MET through institutional review board–
approved protocols, including a prospective clinical
trial of lorlatinib plus crizotinib (n ¼ 3, NCT04292119,
see Supplementary Fig. 1 A/B for the study schema) that
has since closed to enrollment, the lorlatinib expanded-
access program (n ¼ 1, NCT03178071) through which
Pfizer granted special permission to add crizotinib, and
single-patient INDs (n ¼ 2 alectinib þ capmatinib). Of
note, NCT04292119 has closed to enrollment as a result
of slow accrual; data from all patients who enrolled to
the MET amplification arm of the study are presented
herein. As part of the consent process for these pro-
tocols, the option to receive standard-of-care therapies
(i.e., chemotherapy) was included on the consent form.
Outside of clinical trials, patients received crizotinib (n ¼
2) or were treated with off-label (n ¼ 4) combinations,
as described previously. Apart from patients treated on
NCT04292119 where dosing was specified (lorlatinib 50
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Table 1. Clinicopathologic Characteristics of 12 Patients
With MET-Amplified ALKþ NSCLC

Characteristics N ¼ 12

Age at baseline (y)
Median 40
Range 27–79

Sex, n (%)
Female 5 (42)
Male 7 (58)

Ethnicity, n (%)
White 10 (83)
Asian 1 (8)
Hispanic 1 (8)

Histology, n (%)
Adenocarcinoma 11 (92)
Poorly differentiated carcinoma 1 (8)

EML4-ALK fusion variant, n (%)
Unknown/not applicablea 3 (25)
Variant 1 6 (50)
Variant 3 1 (8)
Variant 5 1 (8)
Variant 8 1 (8)

Smoking history, n (%)
Never 9 (75)
Everb 3 (25)

Previous TKI lines, n (%)
1 7 (58)
�2 5 (42)

Previous crizotinib, n (%)
Yes 0 (0)
No 12 (100)

Previous chemotherapy for metastatic disease, n (%)
Yes 5 (42)
No 7 (58)

aFusion variant was not known as a result of testing strategy (fluorescence in
situ hybridization, n ¼ 2) or not applicable owing to non-EML4 fusion partner
(n ¼ 1).
bBetween 1 and 4 pack years.
TKI, tyrosine kinase inhibitor.
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mg þ crizotinib 250 mg twice daily), dosing for the
combination regimens was at the discretion of the
treating physician given absence of prospective data to
use for guidance. Of the four patients who received
combination therapy outside of institutional review
board–approved protocols, two had previously received
chemotherapy and the remaining two patients elected
to receive the investigational combinations in lieu of
chemotherapy.

Medical records were reviewed to gather information
on demographics, treatment histories, and safety/toler-
ability of regimens administered. Adverse events were
documented at each clinic visit for patients treated on
clinical trials and single-patient IND programs, whereas
these events were captured retrospectively for the
remaining patients. This study was approved by the
Partners Institutional Review Board. All patients
included in this study provided written informed con-
sent for molecular analysis and treatment with the reg-
imens described.

Response and Safety Assessment
Response to dual ALK/MET inhibition was assessed

by a board-certified thoracic radiologist (SRD) using
Response Evaluation Criteria in Solid Tumors (RECIST)
version (v.)1.1. Adverse events were graded according to
Common Terminology Criteria for Adverse Events v.4.03.

Results
Study Population

The study included 12 patients with MET-amplified
ALKþ NSCLC. Baseline clinicopathologic characteristics
for the study cohort are summarized in Table 1. Patients
were diagnosed with MET-amplified ALKþ NSCLC
through analysis of tissue (n ¼ 10) or plasma (n ¼ 2)
after progression on ALK-targeted therapy. Most pa-
tients had no smoking history (n ¼ nine, 75%) and had
lung adenocarcinoma (n ¼ 11, 92%). The median num-
ber of previous lines of treatment was 1.5 (range 1–5).
The median number of previous ALK TKIs was 1 (range
1–3). None of the patients had received crizotinib before
developing MET-amplified NSCLC. Nevertheless, all pa-
tients had received a second-generation ALK TKI; five
(42%) patients were treated with lorlatinib before
detection of MET amplification. Five (42%) patients had
received chemotherapy.

EML4-ALK Fusion Variant and Concurrent Alterations. An
EML4-ALK fusion was detected in nine tumors (75%)
(Table 1). One tumor had a HIP1-ALK fusion. The fusion
partner was not known for the two remaining tumors, as
fluorescence in situ hybridization was used to identify the
ALK rearrangement. Among nine specimens where the
specific EML4-ALK fusion variant was known, the following
fusion variants were identified: variant 1 (n ¼ 6), variant 3
(n¼ 1), variant 5 (n¼ 1), and variant 8 (n¼ 1). None of the
tissue or plasma specimens corresponding to initial detection
of MET amplification contained concurrent ALK kinase
domain mutations. TP53 mutations were identified in nine
(75%) of 12 biopsies obtained before initiating dual ALK/
MET therapy (Table 2).
Response to ALK/MET Therapy and Findings
From Longitudinal Biopsies

We used RECIST v.1.1 to retrospectively evaluate the
efficacy of dual ALK- plus MET-directed therapy
(Table 2). As summarized in Table 2, regimens admin-
istered to the 12 patients included crizotinib (n ¼ 2),
lorlatinib plus crizotinib (n ¼ 6), alectinib plus crizotinib
(n ¼ 1), and alectinib plus capmatinib (n ¼ 3). Seven



Table 2. Treatment Outcomes on ALK Plus MET-Directed Therapy and Longitudinal Biopsy Findings

Patient ALK/MET Therapy
Best Response
Time on Treatment

Pre-ALK/MET-Targeted Therapy
Biopsy Findings

Post-ALK/MET-Targeted Therapy
Biopsy Findings

1 Crizotinib 250 mg BID PD
<1 mo

MET/CEP7 � 25, TP53 R273C, TP53
Q192*, SETD2 V2280fs*89

N/A

2 Crizotinib 250 mg BID PR (�38%)
3.5 mo

MET/CEP7 � 25, TSC2 D1612N, TP53
A161T

MET/CEP7 > 25, insufficient tissue for
NGS

3 Lorlatinib 75 mg QDa þ crizotinib 250
mg BID

PR (�30%)
3 mo

MET/CEP7 5.7, ATM S378G, MDM4 splice
region variant, ARID1A D1193N,
PIK3CA E453K

MET/CEP7 > 25, ATM S378G, MDM4
splice variant, ARID1A D1193N,
PIK3CA E453K

4 Lorlatinib 50 mg QD þ crizotinib 250
mg BID

PD
<1 mo

MET/CEP7 2.4, NF1 G2379R, TP53
V274G, MYC gain

MET/CEP7 > 25, NF1 G2379R, TP53
V274G, NOTCHL1 S2364G, MYC gain

5 Lorlatinib 50 mg QDa þ crizotinib 250
mg BID

PR (�60%)
11 mob

MET/CEP7 � 25, APC Y1642_V1644del N/A

6 Lorlatinib 50 mg QD þ crizotinib 250
mg BID

PD
<1 mo

MET/CEP7 5.5, TP53 R273C N/A

7 Lorlatinib 50 mg QD þ crizotinib 250
mg BID

PR (�51%)
6 mo

MET amplification (2.5), TP53 E346*,
MYC amplification (3.8) by plasma

MET amplification (6.8), TP53 E346*,
MYC amplification (19), MET L329fs
(0.01) by plasma

8 Lorlatinib 50 mg QD þ crizotinib 250
mg BID

PD
<1 mo

MET amplification (5.4), TP53 C135F
(4.6), BRCA2 D3188fs (2.4), APC M314T
(0.6), STK11 A43V (0.3)

MET amplification (20.6), BRCA2
D3188fs (9.1), TP53 C135F (25.6),
ST7-MET (0.7), APC M314T (0.4),
CDK12 P670A (0.3)

9 Alectinib 600 mg BIDa þ capmatinib
400 mg BID

SD (non-CR/non-PD)
9 mo

MET/CEP7 � 25, SMARCA4 P47T, EGFR
P596L

(1) MET/CEP7 0.9, SMARCA4 P47T, EGFR
P596Lc

(2) MET/CEP7 2.3, ALK G1202R,
SMARCA4 P47T, EGFR P596Lc

10 Alectinib 600 mg BID þ capmatinib
400 mg BIDa

SD (�8%)
10 mo

MET/CEP7 � 25, TP53 E180*, APC E1156K MET/CEP7 1.0, NF1 H1748Y, BRCA1
C328Y, TP53 E171K, PIK3CA E545K,
MYC S160L, MYC S206L

11 Alectinib 600 mg BID þ capmatinib
300 mg BID

PR (�70%)
7 mo

MET/CEP7 7.7, TP53 N131Y, SMARCA4
D1183N

N/A

12 Alectinib 600 mg BID þ crizotinib 200
mg BID

SD (�26%)
6 mo

MET amplification by NGS, TP53 E285K MET amplification by NGS, TP53 E285K

aLorlatinib initially given at 50 mg and then escalated to 75 mg after 2 weeks for patient 3, lorlatinib reduced to 25 mg for neurocognitive toxicity for patient 5, alectinib escalated to 900 mg BID for patient 9 for brain
progression, at which time capmatinib reduced to 300 mg BID, capmatinib reduced to 200 and 300 mg BID from 400 mg BID for patient 10 for pyrexia.
bTreatment stopped for toxicity despite ongoing partial response.
cPatient underwent resection and molecular analysis of two separate enlarging brain metastases.
QD, daily; BID, twice daily; PD, progressive disease; PR, partial response; SD, stable disease; CR, complete response per RECIST v.1.1; N/A, not applicable, as no biopsy was performed; NGS, next-generation
sequencing; CEP7, centromeric probe 7; RECIST, Response Evaluation Criteria in Solid Tumors.
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patients had longitudinal biopsies (i.e., repeat molecular
analysis after progression on ALK- þ MET-directed
therapy). Findings from longitudinal tissue and plasma
analysis are captured in Table 2. Outcomes of two pa-
tients (patients #1 and #3 in Table 2) have previously
been reported.3

Crizotinib. Two patients received crizotinib 250 mg
twice daily as monotherapy to address MET amplifica-
tion (Table 2). As previously reported,3 patient #1
experienced a partial response before developing pro-
gressive disease within 3.5 months of commencing cri-
zotinib, at which time plasma was found to have
persistent MET amplification with multiple new ALK ki-
nase domain mutations; tissue analysis noted stable MET
amplification (MET/CEP7 ratio � 25 in tissue pre- and
post-crizotinib). Patient #2 experienced symptomatic
benefit from crizotinib but had primary radiographic
progression of disease prompting treatment discontinu-
ation after 1 month. A post-crizotinib biopsy was not
pursued for patient #2.

Lorlatinib Plus Crizotinib. All six patients who received
lorlatinib plus crizotinib initiated dosing at lorlatinib 50
mg once daily plus crizotinib 250 mg twice daily to
prioritize activity against MET, given concerns about
toxicity of full-dose lorlatinib (Table 3). One patient
escalated lorlatinib to 75 mg after 2 weeks of dosing to
maximize anti-ALK activity. Three of six patients who
were treated with this regimen experienced a partial
response. Two of the patients with partial response
developed progressive disease within 6 months on
treatment, both of whom underwent repeat molecular
testing. In one case, analysis of longitudinal axillary node
specimens revealed an increase in MET/CEP7 ratio from
5.7 to more than or equal to 25 without additional
identified resistance mechanisms (patient #3, Table 2).
The other patient’s plasma was found to have an in-
crease in MET copies from 2.5 to 6.8 and a new MET
L329fs mutation (0.01%) of indeterminate functional
consequence after exposure to lorlatinib plus crizotinib
(patient #7, Table 2). The third patient discontinued
treatment for toxicity (see Safety of ALK/MET Therapy)
despite ongoing response at 11 months (patient #5;
Table 2 and Fig. 1A and B).

Three patients experienced primary progression of
disease (i.e., refractory disease), two of whom were
referred for repeat molecular analysis (Table 2). At
progression, one patient with refractory disease under-
went analysis of an enlarging pleural effusion. Compared
with pleural fluid collected at progression on lorlatinib
approximately 1 month earlier (immediately before
addition of crizotinib), there was an increase in MET
copies from 2.4 to more than or equal to 25 without new
genetic alterations (patient #4, Table 2). Another patient
with refractory disease had plasma collected before and
after progression which had an increase in MET copies
from 5.4 to 20.6, including a new ST7-MET fusion at
0.7% allelic frequency (patient #8, Table 2). The third
patient with refractory disease had a lung biopsy with a
MET gene to copy number ratio of 5.5 after nonresponse
to lorlatinib and did not undergo repeat molecular
testing after primary progression on lorlatinib plus cri-
zotinib (patient #6, Table 2).

Thus, of the four patients who had serial biopsies on
this regimen, MET copy number was observed to in-
crease on crizotinib in all cases and two patients were
found to have additional MET alterations in plasma.

Alectinib Plus Capmatinib. Of the three patients who
received alectinib plus capmatinib, two were initially
treated with alectinib 600 mg twice daily plus capmati-
nib 400 mg twice daily. The remaining patient received
alectinib 600 mg twice daily in combination with cap-
matinib 300 mg twice daily out of concern for toxicity
given considerable baseline fatigue. All three patients
who received alectinib plus capmatinib experienced
either disease stabilization or a partial response to the
regimen (patient #9, patient #10, and patient #11,
Table 2). Two patients had stable disease lasting more
than 6 months, and the final patient had a partial
response lasting 7 months (Table 2 and Fig. 1C and D). In
the two cases where repeat tissue molecular analysis
was performed at progression on alectinib plus capma-
tinib, the number of MET copies in the post-combination
therapy specimen was lower than that in the pretreat-
ment specimen. For example, one patient had a pre-
treatment lung biopsy with high-level MET amplification
(MET/CEP7 ratio � 25) and a post-treatment biopsy of a
solitary adrenal site of progression that did not reveal
MET amplification or new ALK mutations (patient #10,
Table 2). The second patient commenced treatment with
alectinib plus capmatinib in the setting of central ner-
vous system (CNS)-only progression, at which time high-
level MET amplification (MET/CEP7 ratio � 25) was
detected in a resected CNS lesion. After more than 9
months of intracranial disease stabilization on ALK/MET
combination therapy, the patient underwent resection of
two growing CNS metastases with molecular analysis
revealing MET/CEP7 ratio of 0.9 in one brain lesion and
MET/CEP7 ratio of 2.3 with concurrent ALK G1202R in a
separate metastasis (patient #9, Table 2).

Alectinib Plus Crizotinib. One patient received alecti-
nib 600 mg twice daily plus crizotinib 200 mg twice
daily after progression on first-line alectinib. The



Table 3. Safety Outcomes on ALK Plus MET-Directed Therapy

Patient Prior ALK TKIs ALK/MET Therapy
Duration of
Treatment

Dose
Hold

Dose
Reductiona Treatment-Related Adverse Eventsb

1 Ceritinib Crizotinib 250 mg BID <1 mo No No None reported
2 Alectinib Crizotinib 250 mg BID 3.5 mo No No Peripheral edema (grade 1)
3 Ceritinib, alectinib, lorlatinib Lorlatinib 75 mg QDc þ crizotinib 250

mg BID
3 mo No No Nausea (grade 1), lightheadedness (grade 1)

4 Alectinib, lorlatinib Lorlatinib 50 mg QD þ crizotinib 250
mg BID

<1 mo No No None reported

5 Alectinib Lorlatinib 50 mg QDa þ crizotinib 250
mg BID

11 mo Yes Yes Irritability (grade 2), anxiety (grade 2),
confusion (grade 2), peripheral edema
(grade 1), weight gain (grade 1)

6 Alectinib, brigatinib,
lorlatinib

Lorlatinib 50 mg QD þ crizotinib 250
mg BID

<1 mo No No None reported

7 Alectinib, lorlatinib Lorlatinib 50 mg QD þ crizotinib 250
mg BID

6 mo No No Peripheral edema (grade 1), weight gain (grade
1), CPK elevation (grade 1), diarrhea (grade 1)

8 Alectinib Lorlatinib 50 mg QD þ crizotinib 250
mg BID

<1 mo No No Weight gain (grade 2), peripheral edema (grade
2), speech change (grade 1)

9 Alectinib Alectinib 600 mg BIDa þ capmatinib
400 mg BID

9 mo No Yes Peripheral edema (grade 2), transaminase
elevation (grade 1), constipation (grade 1),
dry mouth (grade 1), thrombocytopenia
(grade 1), nausea (grade 1), muscle soreness
(grade 1)

10 Alectinib Alectinib 600 mg BID þ capmatinib
400 mg BIDa

10 mo Yes Yes Headache (grade 1), bilirubin increase (grade 1),
fatigue (grade 1), pyrexia (grade 1), rash
(grade 1), transaminase elevation (grade 1),
peripheral edema (grade 2), joint stiffness
(grade 1)

11 Alectinib, lorlatinib Alectinib 600 mg BID þ capmatinib
300 mg BID

7 mo Yes No Weight gain (grade 1), fatigue (grade 1), nausea
(grade 1), peripheral edema (grade 2)

12 Alectinib Alectinib 600 mg BID þ crizotinib 200
mg BID

6 mo No No Bradycardia (grade 1), creatinine elevation
(grade 1)

aLorlatinib reduced to 25 mg for neurocognitive toxicity for patient 5. Alectinib escalated to 900 mg BID for patient 9 for brain progression, at which time capmatinib reduced to 300 mg BID, capmatinib reduced to 200
and 300 mg BID from 400 mg BID for patient 10 for pyrexia.
bExcluding asymptomatic lipid elevation.
cLorlatinib initially given at 50 mg and then escalated to 75 mg after 2 weeks for patient 3.
QD, daily; BID, twice daily; CPK, creatine phosphokinase; RECIST, Response Evaluation Criteria in Solid Tumors; TKI, tyrosine kinase inhibitor.
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A B
Lung mass at baseline before initiation of 
Lorlatinib + Crizotinib

Near resolution of lung mass after 
4 months on Lorlatinib + Crizotinib

Alectinib 
(19 months)

Lorlatinib + Crizotinib
(11 months, stopped for cognitive toxicity)

Treatment 
History

* *

C D
Liver metastasis at baseline before initiation of 
Alectinib + Capmatinib

Reduction in size of liver metastasis after 2 months 
on Alectinib + Capmatinib

Alectinib 
(7 months)

Lorlatinib 
(2 months)

Chemo + Bev 
(9 weeks)

Alectinib + Capmatinib 
(7 months)

Treatment 
History

Figure 1. Responses to two different ALK plus MET combination regimens. Longitudinal axial computed tomography images
reveal (A) baseline lung mass immediately before initiating lorlatinib plus crizotinib and (B) significant decrease in the lung
mass on combination therapy. Longitudinal computed tomography coronal images reveal (C) baseline liver mass immediately
before initiating alectinib plus capmatinib and (D) significant decrease in the size of the liver lesion as denoted by an asterisk
on combination therapy. Treatment histories are presented above the images for each patient. Bev, bevacizumab.
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lower dose of crizotinib was selected to minimize
overlapping toxicity, namely muscle enzyme and
creatinine elevation, given baseline renal involvement
of tumor. Notably, MET amplification was detected
through biopsy of an enlarging liver metastasis that
was analyzed with the FoundationOne assay and copy
number was not specified. On combination therapy,
the patient experienced stable disease per RECIST
v.1.1 lasting approximately 6 months (patient #12,
Table 2). At progression, a biopsy of a new cutaneous
nodule revealed persistent MET amplification (by NGS,
copy number not specified) and absence of ALK or MET
mutations.
Safety of ALK/MET Therapy
Crizotinib. Neither of the two patients who were treated
crizotinib 250 mg twice-daily monotherapy required
dose reduction or dose interruption. The only adverse
event noted was grade 1 peripheral edema (Table 3).
Lorlatinib Plus Crizotinib. Four of six patients treated
with lorlatinib plus crizotinib developed nonlaboratory
treatment-related adverse events (Table 3). The
remaining two patients were on treatment for less than
1 month before discontinuing treatment for progression.
One patient discontinued treatment for neurocognitive
toxicity, as described in subsequent texts. Three patients
(50%) developed peripheral edema and weight gain, all
of which were grade 1 to 2 events that did not require
dose interruption. Two of the three patients received
diuretics to address the edema. Two patients (33%)
experienced neurocognitive adverse events on lorlatinib
50 mg plus crizotinib 250 mg twice daily, neither of
whom had received lorlatinib before combination
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therapy. Specifically, one patient experienced grade 1
speech changes but did not require dose adjustments as
she discontinued therapy within 1 month of initial
dosing in the setting of disease progression. The second
patient experienced grade 2 irritability, anxiety, and
confusion necessitating a 3-week dose interruption fol-
lowed by dose reduction of lorlatinib from 50 mg to 25
mg with sustained dosing of crizotinib at 250 mg twice
daily. The patient ultimately discontinued treatment for
persistent neurocognitive toxicity at lorlatinib 25 mg
despite ongoing partial response. Additional adverse
events observed across patients included grade 1 diar-
rhea and grade 1 creatinine phosphokinase elevation in a
patient who also had grade 1 peripheral edema and
grade 1 weight gain and grade 1 nausea and light-
headedness in a separate patient.
Alectinib-Based Combinations. All four patients who
received alectinib-based combinations (n ¼ 1 alectinib þ
crizotinib; n ¼ 3 alectinib þ capmatinib) experienced a
treatment-related adverse event (Table 3). Two patients
required dose interruption for toxicity (n ¼ 1 grade 2
peripheral edema and n ¼ 1 grade 1 pyrexia, respectively),
one of whom ultimately required reduction of the capma-
tinib dose without change in alectinib dosing. No patient
discontinued treatment for toxicity. All three patients who
received capmatinib in combination with alectinib devel-
oped grade 2 peripheral edema for which diuretics were
prescribed. Two of these patients also had grade 1 muscle
or grade 1 joint adverse events and grade 1 transaminase
level elevation. One patient who received alectinib plus
capmatinib developed persistent grade 1 pyrexia necessi-
tating dose interruption, reduction of capmatinib dose, and
implementation of hypersensitivity medications (steroids,
acetaminophen, antihistamines) before dosing. The pa-
tient’s capmatinib dose was eventually re-escalated to 300
mg twice daily from 200 mg twice daily and maintained at
this dose without further need of steroids or acetamino-
phen. Finally, the patient who received alectinib plus cri-
zotinib developed grade 1 asymptomatic bradycardia in
the setting of concurrent metoprolol use and grade 1
creatinine elevation, neither of which required interruption
or adjustment of alectinib or crizotinib dosing.
Discussion
Despite the recognition of MET amplification as a

recurrent driver of off-target resistance to ALK TKI
therapy, robust studies evaluating the sensitivity of this
subset of ALKþ NSCLC to MET-directed approaches are
lacking. Here, we summarize efficacy and safety out-
comes of 12 patients with MET-amplified ALKþ NSCLC
who received therapies targeting ALK and MET. Our
series suggests that combined ALK and MET inhibition
may be active in ALKþ NSCLC harboring concurrent
MET amplification, as partial responses were observed in
five of 12 patients. Across the various regimens adminis-
tered, peripheral edema was the most common side effect.

As a standalone oncogenic driver, MET amplification
confers sensitivity to MET therapeutic targeting, partic-
ularly in the context of high-level amplification.11,12

Similarly, in MET-amplified EGFR-mutant NSCLC, sensi-
tivity to MET TKIs is most impressive when cohorts are
enriched for tumors with higherMET copies. In our series,
the level of MET amplification did not seem to affect re-
sponses, as primary progression was observed among
patients with tumors harboring high-level MET amplifi-
cation and partial responses were found in the presence
of lower-level MET amplification. This discordance may
have resulted from multiple factors, including the small
cohort size, variety of regimens and doses used, and po-
tential molecular heterogeneity of these ALKþ NSCLCs.
This molecular heterogeneity might have also accounted
for the four (33%) tumors with primary progression on
MET-directed therapy in our study. Notably, 75% of MET-
amplified tumors in our study harbored TP53 mutations;
TP53 mutations have been linked to genetic instability
and earlier development of resistance to targeted therapy
in oncogene-driven lung cancer.13 Thus, additional larger
studies are warranted to fully explore the relationship
between MET copies and response to MET-targeted
therapy in ALKþ NSCLC. Ideally, such studies should
also evaluate how co-alterations in other genes might
modulate sensitivity to MET targeting.

The size of our series, variation in dosing of the MET
inhibitors, and the retrospective nature of the analysis
also limited any formal comparison of the four thera-
peutic regimens. Still, we observed potential differences
between the regimens that should be followed-up with
larger studies. For example, the durability of disease
control with the combination of capmatinib plus alecti-
nib was particularly encouraging given the CNS pene-
tration of both drugs. Nevertheless, the combination was
associated with toxicity—namely grade 2 peripheral
edema—necessitating diuretics, dose interruption, and
dose reduction. Peripheral edema is a class toxicity of
MET inhibitors that was found with crizotinib as well,
indicating a need for refinement of the dosing strategy
for these combinations. Notably, a different class of
toxicity—neurocognitive toxicity—limited the ability to
continuously dose lorlatinib in a patient who had a du-
rable partial response to lorlatinib plus crizotinib. In
addition to potential differences in the toxicity profiles of
the various regimens, we saw differences in the molec-
ular alterations that emerged at resistance to the
different regimens. Specifically, we detected ALK muta-
tions in tumors of patients receiving crizotinib and
alectinib that were not observed when lorlatinib was
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used. With respect to MET-dependent resistance mech-
anisms, we observed increase in MET copies on crizoti-
nib compared with decrease on capmatinib. This raises
the possibility that the more potent MET TKI (capmati-
nib) may better suppress outgrowth of MET-amplified
populations. Nevertheless, as this finding is counterin-
tuitive to current understanding of crizotinib activity,11

larger translational studies are needed to formally vali-
date and fully reconcile the conflicting trajectories of
MET copies observed with the two MET-targeting drugs
in our small series. Notably, we did not detect MET exon
14 skipping in either pre- or post-treatment specimens.

Our study has limitations, several of which have been
discussed previously. These limitations include the
retrospective nature of the analysis, inconsistent
capturing of adverse events in clinic notes particularly for
patients who received therapies off-label or through
commercial access, variety of ALK/MET regimens used,
variation in dosing within specific regimens given lack of
prospective trials, and differences in disease sites where
biopsy was done before commencing ALK/MET therapy
versus after progression on ALK/MET therapy. Many of
these limitations arise from the study’s focus on a
molecularly defined subpopulation of a rare subset of
NSCLC. Indeed, because of the overall rarity of MET-
amplified ALKþ NSCLC in the overall population of pa-
tients with NSCLC, our attempt to conduct a prospective
single-institution clinical trial of lorlatinib plus crizotinib
was unsuccessful because of poor accrual, as was the case
with a multicenter NCI prospective study (NCT03737994)
that recruited patients with MET-amplified ALKþ NSCLC.
In addition, patients in this study were able to access
these investigational combinations through off-label in-
surance approval, expanded-access programs, and single-
patient IND studies; these options may not be available to
patients residing outside of the United States, patients
without insurance, and patients with prohibitive co-pays.

In summary, we observed antitumor activity of
several distinct ALK/MET regimens in MET-amplified
ALKþ NSCLC and have identified potential mechanisms
of resistance to dual ALK plus MET inhibition. The var-
iable duration of disease control observed with the
heterogeneous regimens in our small series highlights
the need for future, larger studies that focus on efficacy
of particular regimens in addition to characterizing the
molecular determinants of response and resistance to
the specific ALK- and MET-based combinations.
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