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ARTICLE INFO ABSTRACT

Keywords: Objectives: Although dramatic responses to MET inhibitors have been reported in patients with MET exon 14
NSCLC (METex14) mutant non-small cell lung cancer (NSCLC), the impact of these treatments on overall survival in this
MET exon 14 population is unknown.

TKI

Methods: We conducted a multicenter retrospective analysis of patients with METex14 NSCLC to determine if
treatment with MET inhibitors impacts median overall survival (mOS). Event-time distributions were estimated
using the Kaplan-Meier method and compared with the log-rank test. Multivariable Cox models were fitted to
estimate hazard ratios.

Results: We identified 148 patients with METex14 NSCLC; the median age was 72; 57% were women and 39%
were never smokers. Of the 34 metastatic patients who never received a MET inhibitor, the mOS was 8.1 months;
those in this group with concurrent MET amplification had a trend toward worse survival compared to cancers
without MET amplification (5.2 months vs 10.5 months, P = 0.06). Of the 27 metastatic patients who received
at least one MET inhibitor the mOS was 24.6 months. A model adjusting for receipt of a MET inhibitor as first- or
second-line therapy as a time-dependent covariate demonstrated that treatment with a MET inhibitor was as-
sociated with a significant prolongation in survival (HR 0.11, 95% CI 0.01-0.92, P = 0.04) compared to patients
who did not receive any MET inhibitor. Among 22 patients treated with crizotinib, the median progression-free
survival was 7.4 months.

Discussion: For patients with METex14 NSCLC, treatment with a MET inhibitor is associated with an improve-
ment in overall survival.

Overall survival

1. Introduction cancers harboring alterations in the epidermal growth factor receptor
(EGFR), anaplastic lymphoma kinase (ALK), ROS1, and BRAF [1-8].

The identification of targetable genomic mutations in non-small cell Mutations in MET exon 14 (METex14) or its flanking introns have re-
lung cancer (NSCLC) has transformed the treatment approach for cently been identified as a distinct molecular subtype of lung cancer,
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occurring in approximately 3% of NSCLCs, [9-11] and several recent
reports have demonstrated that these cancers can respond to treatment
with MET tyrosine kinase inhibitors (TKIs) [9-19]. However, whether
treatment with a MET TKI in METex14 mutant NSCLC improves sur-
vival for patients is currently unknown.

Demonstrating an overall survival (OS) benefit from MET TKIs in
this population through a prospective, randomized clinical trial may be
difficult for several reasons. As in the case with EGFR- and ALK-mutant
lung cancers, most clinical trials comparing targeted therapy to stan-
dard chemotherapy have failed to show an OS benefit, [1-5] largely due
to patient crossover from one treatment arm to the other or because of
availability of other approved or investigational agents administered
after disease progression. Furthermore, many patients are currently
being treated with off-label crizotinib, a potent MET inhibitor, outside
the setting of a clinical trial, which could hamper recruitment of pa-
tients to randomized studies comparing a MET TKI to standard che-
motherapy in the METex14 NSCLC population.

Given these challenges, one approach for demonstrating a survival
advantage with a targeted therapy is to retrospectively compare pa-
tients with a specific mutational subtype of lung cancer who either did
or did not receive treatment with a targeted therapy. In ALK-rearranged
NSCLC, for example, this type of analysis was used to demonstrate that
treatment with crizotinib was associated with a survival benefit com-
pared to patients who had never received a TKI. [20] Therefore, in
order to determine whether MET TKIs impact clinical outcomes of
METex14 mutant NSCLC, we conducted an analysis comparing the
overall survival of patients who received a MET TKI to a retro-
spectively-identified cohort of patients who never received any MET
TKIs.

2. Methods
2.1. Study population and procedures

Clinical, pathologic, and genomic data were collected from patients
with METex14 mutant NSCLC who had also consented to local in-
stitutional review board-approved protocols that allowed for the ana-
lysis of these data through December 1, 2016, from 12 academic in-
stitutions. Testing for METex14 mutations was determined either
through local or commercial sequencing assays according to institu-
tional practices. MET genomic amplification was determined through
local institutional assessment, either through next generation sequen-
cing (NGS) [10] or fluorescence in situ hybridization (FISH) [21]. For
the survival analysis, patients were included if they were diagnosed
with advanced NSCLC on or after January 1, 2010. Patients were
considered to be treated with a MET TKI if they received at least one of
the following: crizotinib, glesatinib, capmatinib, savolitinib, tepotinib,
cabozantinib, or merestinib. For patients enrolled in a MET TKI clinical
trial, permission was granted from the sponsor to include overall sur-
vival data in this study.

2.2. Statistical analysis

The progression-free survival (PFS) analysis was determined from
the start date of TKI treatment until the date of clinical or radiographic
progression or death, as assessed by each principal investigator.
Patients who were alive without disease progression were censored on
the date of their last adequate disease assessment. OS was determined
from date of diagnosis of stage IV disease until death due to any cause.
Patients who were alive at the time of analysis were censored on the last
date of contact. Kaplan-Meier curves were used to estimate event-time
distributions, and the Greenwood formula was used to estimate the
standard errors of the estimates. Log-rank tests were used to test for
differences in event-time distributions, and Cox proportional hazards
models were fitted to obtain estimates of hazard ratios in univariate and
in multivariable models. Because patients were treated with a MET
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inhibitor at varying timepoints in their disease, a Cox proportional
hazards model that adjusted for therapy as a time-varying covariate was
fitted to appropriately estimate the effect of MET TKI therapy on out-
come. Fisher’s exact test was used to compare the associations between
categorical variables, and the Wilcoxon rank sum test was used to
compare continuous measures between groups. The t-test was used to
compare differences in age at diagnosis between patients who received
a MET inhibitor and patients who did not. All p-values are two-sided
and confidence intervals are at the 95% level.

3. Results

The clinicopathologic characteristics from a total of 148 patients
with METex14 mutant NSCLC are shown in Supplementary Table 1.
The median age at diagnosis was 72 (range: 43-88, age distribution
shown in Supplementary Fig. 1), 57% of patients were women, 39%
were never smokers and of those who were current or former smokers,
71% had a =10 pack-year history of tobacco use. The most prevalent
histology was adenocarcinoma (77%), followed by pulmonary sarco-
matoid carcinoma (also called pleomorphic carcinoma) (14%), squa-
mous (5%), adenosquamous (3%) and poorly differentiated carcinoma
(1%). At the time of initial diagnosis, 36% of patients had stage I dis-
ease, 12% had stage II, 22% had stage III, and 30% had stage IV. Of the
71 patients who had or developed stage IV disease, the most common
sites of metastases were lymph nodes (67%) and lung (53%), followed
by pleural/pericardial metastases or malignant effusions (51%), bone
(49%), and brain (37%) (Supplementary Table 2). The genomic al-
teration leading to MET exon 14 skipping was a point mutation in 84
patients (61%), a deletion in 50 patients (36%), an insertion in one
patient (0.7%), and two patients (2%) had an amino acid substitution at
tyrosine 1003 which is not predicted to result in MET exon 14 skipping
but instead abrogates binding of the CBL E3 ubiquitin ligase. In 11 cases
the precise MET genomic alteration was not available. MET was con-
currently amplified in 21% of cases in which amplification status was
documented; MET copy number was not assessed in roughly one-third
of cases (Supplementary Table 1).

Among the 71 patients who had or developed stage IV disease, ten
patients were lost to follow up after their initial workup because they
received care at other facilities, and therefore 61 patients met inclusion
criteria for the survival analysis. Among these 61 patients, 34 never
received treatment with a MET TKI and 27 patients received treatment
with at least one MET TKI (Fig. 1). Between these two groups, there was
no significant difference in clinicopathologic characteristics including
age at diagnosis (P = 0.85), sex (P = 0.43), smoking status (P = 0.79),
histology (P = 0.77), presence of brain metastases (P = 1.00), the
presence of concurrent MET amplification (P = 0.10) (Table 1), and the
distribution of year of diagnosis (P = 0.95).

From the time of stage IV diagnosis, the median overall survival
(mOS) among the 34 patients who never received a MET TKI was 8.1
months (95% confidence interval [CI] 5.3 months — not reached [NR];
Fig. 2A). Within this group, MET amplification status was known in 26
patients (six patients [23%] had concurrent MET amplification while 20
patients [77%] were not amplified), and patients with METex14 mutant
cancers and concurrent MET genomic amplification showed a trend
toward worse mOS compared to cancers without concurrent MET am-
plification (5.2 months vs 10.5 months, P = 0.06; Fig. 2B). Moreover,
no difference in overall survival was found in the same group of pa-
tients according to adenocarcinoma vs non-adenocarcinoma histology
(P = 0.69; Supplementary Fig. 2) and smoking history (never smo-
kers vs smokers, P = 0.95; Supplementary Fig. 3).

Of the 27 patients who were treated with a MET TKI, 23 patients
received only one MET TKI and four patients received two MET TKIs as
different lines of therapy. The MET TKI administered included crizo-
tinib in 24 patients (20 were treated with commercial crizotinib, four
were enrolled in a clinical trial [NCT00585195]), glesatinib in four
patients (NCT00679133), and capmatinib in three patients
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[ Patients with METex14 NSCLC across 12 institutions ]
N=148
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Clinicopathologic and genomic
features cohort: all patients
N=148

Survival analysis cohort: patients with diagnosis of stage IV

METex14 NSCLC
N=61

Patients who received a
MET inhibitor
N=27

Patients who never
received a MET inhibitor
N=34

Fig. 1. Study population.

(NCT02414139). The mOS in patients who received at least one MET
TKI was 24.6 months (95% CI 12.1 months — NR; Fig. 2C). Among the
subset of 20 patients who only received crizotinib and no other MET
TKI, mOS was not reached (95% CI 9.5-NR; Supplementary Figure 4).

Among 23 patients who received only one MET TKI over the course
of therapy, 12 (44%) received the MET TKI as first-line therapy, ten
(37%) as second-line, two (7%) as third-line, one (4%) as fourth-line,
and two (7%) as fifth-line; four patients were treated with more than
one MET TKI (Table 2). In order to account for the possibility that
patients who were treated with a MET TKI as a later line of therapy
might have more indolent disease which might be associated with a
survival benefit independent of treatment with a MET TKI, we fitted a
model adjusting for receipt of a MET TKI as first- or second-line therapy
as a time-dependent covariate; after adjusting for non-adenocarcinoma
histology (HR 2.84, P = 0.098) and MET amplification (HR 3.26,

P = 0.039), we found that treatment with a MET TKI was associated
with a significant prolongation in overall survival among patients with
stage IV METex14 mutant NSCLC (HR 0.11, 95% CI 0.01-0.92,
P = 0.04) when compared to those who did not receive a MET TKI.
We also analyzed whether there were other treatment differences
between the MET TKI treated vs. untreated patients with metastatic
METex14 mutant NSCLC (Table 2). We found that the majority of pa-
tients who received a MET TKI received either one or two lines of
treatment (37% and 22%, respectively, range 1-5) while the majority of
patients who never received a MET inhibitor received one line of treat-
ment (58%, range 0-3). Overall, the cohort of patients who received a
MET TKI received more lines of therapy than the patients who never
received any MET TKI (P < 0.001). There was no significant difference
between the two groups in receipt of platinum-doublet chemotherapy
(P = 0.30) or pemetrexed-based chemotherapy (P = 0.30) (Table 2).

Table 1
Clinicopathologic and genomic characteristics of the 61 patients with stage IV METex14 mutant NSCLC included in the survival analysis.
Characteristic Overall cohort Patients who received treatment with a Patients who never received treatment witha P value
(N =61) MET TKI (N = 27) MET TKI (N = 34)
Age in years, median (range) 70 (43-87) 67 (53-87) 70 (43-86) 0.85
Sex 0.43
Male 27 (44) 10 (37) 17 (50)
Female 34 (56) 17 (63) 17 (50)
Smoking history 0.79"
Never smoker 25 (41) 12 (44) 13 (38)
Smoker 36 (59) 15 (57) 21 (62)
< 10 pack-years” 10 5 5
= 10 pack-years 25 10 15
Smoker, pack-years unknown 1 - 1
Histology 0.77¢
Adenocarcinoma 45 (74) 19 (70) 26 (76)
Non-adenocarcinoma 16 (26) 8 (30) 8 (24)
Sarcomatoid/ Pleomorphic 7 2 5
Squamous 6 5 1
Poorly differentiated 2 - 2
Adenosquamous 1 -
Brain metastases at diagnosis 1.00
Yes 19 (39) 9 (41) 10 (37)
No 30 (61) 13 (59) 17 (63)
Unknown 12 5 7
METex14 mutation with concurrent MET 0.10
amplification
Yes 14 (33) 8 (50) 6 (23)
No 28 (67) 8 (50) 20 (77)
Unknown 19 11 8

Data are reported as n (%); percentages may not add up to 100 due to rounding.

TKI: Tyrosine kinase inhibitor.
@ Never smokers vs smokers.
> Pack-years are calculated for both current and former smokers combined.
¢ Adenocarcinoma histology vs non-adenocarcinoma histology.
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Fig. 2. Overall survival of patients with METex14 mutant stage IV NSCLC who did or did not receive treatment with a MET TKI.
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(A) Overall survival of 34 patients with stage IV METex14 NSCLC who never received a MET TKI. (B) Overall survival of stage IV METex14 NSCLC who never received
a MET TKI and with known MET amplification status: 20 patients had no concurrent MET amplification (black line), six patients had concurrent MET amplification
(red line). (C) Overall survival of 27 patients with stage IV METex14 NSCLC who received treatment with at least one MET TKI. CI: confidence interval. NR: not

reached.

Since METex14 mutations have only been detected through routine
next generation sequencing platforms more recently and around the
same time as the approval of PD-1 inhibitors for NSCLC, we not sur-
prisingly found that patients who received treatment with a MET TKI

99

were also more likely to have received treatment with a PD-1 inhibitor
compared to patients who never received a MET inhibitor (37% vs. 9%,
P = 0.01). However, among the 10 MET TKI-treated patients who also
received a PD-1 inhibitor, the best objective response to the PD-1
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Table 2
Treatment history of patients with METex14 mutant NSCLC included in the
survival analysis cohort.

Characteristics Patients who Patients who never P value
received treatment  received treatment
with a MET TKI with a MET TKI
(N =27) (N = 34)°
Lines of treatment < 0.001
0 lines 0 (0) 9 (27)
1 lines 10 (37) 19 (58)
2 lines 6 (22) 39
3 lines 4 (15) 2 (6)
4 lines 5(19) 0(0)
5 lines 2(7) 0 (0)
Platinum-based regimen 0.30
Yes 13 (48) 21 (64)
No 14 (52) 12 (36)
Pemetrexed-based 0.30
regimen
Yes 12 (44) 20 (61)
No 15 (56) 13 (39)
Treatment with a PD-1 0.01
inhibitor
Yes 10 (37) 309
No 17 (63) 30 (91)
Line of treatment when
MET inhibitor was
administered
1° line® 12 (44) -
2 line® 10 (37) -
3 line only 2(7) -
4™ Jine only 1(4) -
5% line only 2(7) -

Data are reported as n (%); percentages may not add up to 100 due to rounding.
TKI: Tyrosine kinase inhibitor.

2 For one patient the type of systemic therapy received was not available.

> One patient who received 1° line crizotinib also received 4™ line glesatinib.

© One patient who received 2" line glesatinib also received 3™ line crizo-
tinib; one patient who received 2" Jine capmatinib also received 3" line cri-
zotinib; one patient who received 2™ line crizotinib also received 4™ line gle-
satinib.

therapy was progressive disease in eight patients, one patient had stable
disease, and one was not evaluable. Among the three MET TKI-un-
treated patients who also received a PD-1 inhibitor, the best objective
response in two patients was progressive disease, and one patient ex-
perience a partial response. Therefore, it did not appear that treatment
with immune checkpoint inhibitors in the MET TKI-treated group was
likely to have had a significant impact on overall survival compared to
patients who never received a MET TKI.

The most frequent MET TKI used in the MET TKI-treated cohort was
crizotinib in 24 of 27 patients (89%). While several cases of crizotinib
response among patients with METex14 mutant NSCLC have been re-
ported, [9-17] the length of time that most patients benefit from cri-
zotinib is not yet known. Among the patients in our cohort treated with
crizotinib as their first MET TKI, the median progression-free survival
(mPFS) was 7.4 months (95% CI 3.3 months — NR; Fig. 3).

4. Discussion

As lung cancer remains the leading cause of cancer-related mortality
worldwide, [22] identifying life-prolonging therapies for this disease is
of paramount importance. While there have been several case reports of
responses to MET TKIs among patients with METex14 mutant NSCLC,
[9-17] whether these agents extend survival in this population is cur-
rently unknown. Answering this question prospectively through ran-
domized phase 3 clinical trials will be challenging for several reasons.
Given the widespread availability of crizotinib, randomized trials
comparing a MET TKI to chemotherapy may be hampered due to slow
patient accrual. Furthermore, planned or unplanned patient crossover
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Median PFS (95% CI)
7.4 months (3.3 - NR)
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Fig. 3. Progression-free survival on crizotinib in patients with METex14 mutant
stage IV NSCLC.
Progression free survival curve of 22 patients with stage IV METex14 NSCLC
who received crizotinib as their first MET TKI (any line of treatment). CL:
confidence interval. NR: not reached.

from a non-targeted therapy to a MET TKI is likely to confound de-
tection of a discernable survival benefit attributable to the MET TKI, as
has been observed in randomized trials for NSCLC patients with EGFR
mutations or ALK rearrangements. [1-5]

Therefore, to determine if treatment with a MET TKI confers a
survival benefit in patients with METex14 mutant NSCLC, we con-
ducted a retrospective analysis using data from 12 institutions. As de-
scribed in earlier studies, [9-11] we found that METex14 mutations
were common both in metastatic and early-stage NSCLC. Given the high
prevalence of MET exon 14 mutations in stage I-III NSCLC, additional
studies are needed to determine the recurrence risk in these patients,
and prospective, randomized clinical trials exploring the use of ad-
juvant MET TKI in patients with early stage METex14 mutant NSCLC
should be considered.

In our cohort, the median overall survival for patients with
METex14 mutant NSCLC who never received a MET TKI was only 8.1
months. We observed a non-significant trend toward worse survival in
cases with concurrent MET genomic amplification. However, institu-
tional and methodologic differences in defining MET amplification,
along with intratumoral heterogeneity in MET gene copy number, may
impede accurate determination of MET amplification status. [21,23]
Overall survival was significantly improved among patients in our co-
hort with METex14 mutant NSCLC who were treated with a MET TKI.

There are several inherent limitations to conducting a retrospective
survival analysis. Reasons that some patients never received treatment
with a MET inhibitor varied and included lack of recognition of an
actionable genomic alteration until after the patient’s death, inability of
patients to gain access to MET TKIs, or declining performance status by
the time the MET exon 14 mutation was identified; some of these factors
may have been independently conferred a poor prognosis and impacted
survival in this population (such as poor performance status).
Furthermore, our cohort of patients who received a MET TKI included
several clinical trial patients, who may have a better performance status
or more indolent disease compared to patients who do not participate in
clinical trials. However, of the patients in our cohort who received a
MET TKI, a significant fraction of patients (20 of 27, 74%) were treated
with commercially-available, off-label crizotinib, rather than on a
clinical trial. The median PFS of patients treated with crizotinib as their
first MET TKI in our cohort was comparable to the median PFS of a
recently presented clinical trial of crizotinib in MET exon 14 mutant
NSCLC, indicating that the population included in our retrospective
analysis behaved similarly to clinical trial patients. [24] Although most
patients in our study received crizotinib, a subset of them were treated
with glesatinib or capmatinib, so it is unclear if each of these agents
might independently be associated with a survival benefit.

Many of the clinicopathologic features were similar between the
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MET TKI-treated vs. untreated patients, and these two groups were
balanced in terms of year of diagnosis with stage IV disease, as well as
exposure to platinum-doublet chemotherapy and pemetrexed-based
chemotherapy. However, 27% of those who never received a MET TKI
also never received any systemic treatment for their disease, possibly
because the advanced age of this population was felt to be a barrier to
treatment with platinum doublet chemotherapy. While this highlights
the need to treat these patients with more tolerable targeted therapies,
the imbalance in the number of lines of therapy between the TKI-
treated and TKI-naive groups (Table 2) could suggest bias in terms of
either increased aggressiveness of disease or decreased overall fitness
among the TKI-naive group which could also have influenced the sur-
vival results. Patients treated with a MET TKI also received more lines
of therapy in total, including treatment with a PD-1 pathway inhibitor.
While treatment with immunotherapy did not appear to be particularly
effective in this molecular subtype of NSCLC, larger cohorts of patients
are needed to determine the efficacy of immune checkpoint inhibition
in METex14 mutant NSCLC.

Due to the poor prognosis of patients with METex14 mutant NSCLC
who never receive MET TKI, testing for METex14 mutations should be
performed at diagnosis among patients with advanced NSCLC, parti-
cularly in cancers lacking activating mutations in KRAS, EGFR, ALK,
ROS1, and BRAF, as these genomic alterations appear to be mutually
exclusive from one another. [9,10] If supported by prospective data on
earlier efficacy endpoints, the survival data presented here should
support the widespread, early use of MET TKI in the treatment of pa-
tients with metastatic METex14 mutant NSCLC, especially in light of the
generally favorable side effect profile associated with these agents.
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