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copy number using next-generation sequencing as a predictive
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Background: In clinical oncology, targeted next-generation sequencing (NGS) has become an integral
part of the routine molecular diagnostics repertoire. However, a consensus is yet to be agreed on the optimal
mesenchymal-epithelial transition factor (MET) copy number (CN) cut-off value based on NGS data that
could predict the MET-amplified non-small cell lung cancer (NSCLC) patients who could benefit from
MET tyrosine kinase inhibitor (TKI) therapy. In this study, we aimed to identify the criteria to define MET
amplification derived from NGS data.

Methods: Sequencing data from matched plasma and tissue samples from 40 MET-amplified NSCLC
patients were used to derive a normalization method, referred to as adjusted copy number (adCN). Clinical
outcomes from an additional 18 MET TKI-treated NSCLC patients with solely MET-amplified cancers
were analyzed to validate the adCN cut-offs.

Results: AACN, calculated as the absolute CN generated from NGS relative to the maximum mutant
allele fraction (maxMAF) per sample, was demonstrated to have a high correlation with MET CN in tissue
and plasma samples (R’=0.73). Using a cut-off value of 5.5 and 13, tertile stratification of adCN was able to
distinguish patients with high-level MET amplification. The MET TKI-treated patients with adCN >13,
categorized as high-level amplification, had significantly longer progression-free survival (PFS) than those
with adCN <13 (P=0.009), suggesting that adCN positively correlated with the response to MET TKI.
Conclusions: We derived a normalization method that could reflect the relative CN and distinguish MET-
amplified NSCLC patients with high-level gene amplification who were sensitive to crizotinib, suggesting
adCN could potentially serve as a predictive biomarker for MET TKI response.

Keywords: Mesenchymal-epithelial transition factor amplification (MET amplification); mesenchymal-epithelial
transition factor copy number gain (MET CN gain); mesenchymal-epithelial transition factor tyrosine kinase
inhibitor (MET TKI); crizotinib; predictive biomarker
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Introduction

The discovery of actionable gene mutations has revolutionized
the therapeutic landscape and significantly improved the
survival outcomes of patients with advanced non-small
cell lung cancer (NSCLC) harboring oncogenic driver
mutations (1-6). Oncogenic driver mutation in genes
encoding tyrosine kinases including epidermal growth
factor receptor (EGFR), anaplastic lymphoma kinase
(ALK), and mesenchymal-epithelial transition factor (MET)
predicts clinical response to various types of tyrosine kinase
inhibitors (TKI) (1-6). Molecular testing to evaluate the
mutation status of these oncogenic driver mutations are
thus crucial in identifying patients who could benefit from
the TKI therapy.

Gain-of-function of MET signaling has been demonstrated
in oncogenic processes across multiple tumor types,
including lung cancer through protein overexpression, gene
amplification, mutations, or abnormal gene splicing (7-11).
MET signaling is activated when hepatocyte growth
factor (HGF) ligand binds to the MET receptor, inducing
homodimerization and phosphorylation, which subsequently
leads to the activation of the tyrosine kinase domain. This
activation mediates the downstream signaling pathways
including the mitogen-activated protein kinase (MAPK),
phosphoinositide 3-kinase/protein kinase B (PI3K/AKT),
signal transducer and activator of transcription (STAT),
and nuclear factor-kB (NF-«B) pathways. This promotes
cytoplasmic and nuclear processes, leading to a variety of
cellular functions, including proliferation, survival, and
migration (7).

Alterations in MET have been associated with poor
prognosis and hence, it holds promise as a therapeutic
target (8-10,12). A number of drugs, including inhibitors
and monoclonal antibodies, have been developed to support
MET signaling repression through targeting either MET
or its ligand, HGF (8,13-17). Multi-target MET TKIs,
crizotinib and cabozantinib, have been approved for the
treatment of ALK-rearranged advanced NSCLC (18), and
their efficacy has been demonstrated in advanced NSCLC
patients with MET amplifications and exon 14 alterations
(13-15,19,20). Meanwhile, a combination of EGFR TKI
and MET TKI are being explored for those with concurrent
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EGFR mutation and MET amplification (20,21).

Conventionally, MET copy number (CN) gains or
amplifications are quantified by fluorescence in situ
hybridization (FISH) based on two methods: one method
scores the CN of MET per cell (absolute CN), and the
other quantifies the proportion of MET relative to other
areas on the same chromosome such as the chromosome
7 centromere (MET/CEP7) (14,22). A high-level of MET
amplification has been associated with poor prognosis and
better response to MET TKIs when either method is used
(9,14,23). Despite efforts to standardize the interpretation
criteria for MET amplification status, there is a lack of
consensus surrounding the cut-off values for the optimal
classification of the MET-amplified tumors that would be
most likely to respond to MET TKIs. As a result, treatment
responses have been inconsistent. One possible explanation
for this inconsistency is the presence of concurrent
alterations in oncogenic drivers, such as KRAS amplification
and KRAS G12D mutation (15,24-26), which results in
tumors that are not solely driven by MET amplification.

In recent years, clinical oncology has seen targeted
next-generation sequencing (NGS) become integral to
the routine molecular diagnostics repertoire (27-29).
Compared with traditional screening methods such as
FISH, targeted capture-based NGS is advantageous due
to its ability to simultaneously assess multiple alterations
in oncogenic genes and provide a more comprehensive
mutational profile, making this technology a superior
option for molecular diagnosis. However, NGS-generated
data are typically reported as absolute CN alteration
with no established CN cut-off value for defining the
subset of patients who would most likely benefit from
MET-TKI treatment. The key to successful and effective
targeted therapy lies in the selection of appropriate
patients who will respond to the treatment. Hence, it is
critical to establish the optimal criteria so that the subset
of patients who would be most likely to have tumors that
are primarily dependent on MET amplification as the sole
oncogenic driver (and therefore would respond to MET
TKI treatment) can be defined. In this study, we aim to
identify the criteria to define MET amplification derived
from NGS data that could potentially serve as a biomarker
for MET TKI efficacy in NSCLC patients.
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Methods
Patient recruitmment

A total of 597 MET-amplified NSCLC patients with
various stages and histological types were enrolled from 5
hospitals in this retrospective study. For the initial feasibility
steps for the normalization of MET CN, sequencing data
for matching tissue and plasma samples from 40 MET-
amplified NSCLC patients were retrieved and analyzed
with the patients’ consent.

To further identify the appropriate criteria for defining
MET CN with benefit from MET TKI, the survival
outcomes of 18 MET-amplified patients who were treated
with MET TKI were assessed. Tumor histology was
confirmed by examinations conducted independently by two
pathologists. Tumors were staged according to the American
Joint Committee on Cancer seventh edition tumor,
node, metastasis (INM) staging system of NSCLC (30).
Detailed clinical and pathological information including
age at diagnosis, tumor histopathology, clinical stage,
and family history was collected from each patient. The
decision of which MET TKI would be administered to the
patients (either crizotinib or cabozantinib) was made by
the attending physician. The study received approval from
the ethics committee of Jiangsu Cancer Hospital and was
conducted in accordance with the standards of the 1964
Declaration of Helsinki. Prior written informed consent for
the use of plasma and/or tissue samples in further molecular
studies was obtained from each of the patients.

Tissue and cell-free DNA isolation

Tissue DNA was extracted from formalin-fixed, paraffin-
embedded (FFPE) tumor tissues using QIAamp DNA
FFPE dssue kit (Qiagen, Hilden, Germany). The QIAamp
Circulating Nucleic Acid kit (Qiagen, Hilden, Germany)
was used to recover circulating cell-free DNA (cfDNA)
from 4 to 5 mL of plasma.

Capture-based targeted DNA sequencing

A minimum of 50 ng of DNA is required for NGS library
construction. Tissue DNA was sheared using Covaris
M220 (Covaris, MA, USA), followed by end repair,
phosphorylation, and adaptor ligation. An Agencourt
AMPure XP Kit (Beckman Coulter, CA, USA) was used
to purify fragments between 200-400 bp from the cfDNA
and sheared tissue DNA, before hybridization with capture
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probe baits, hybrid selection with magnetic beads, and PCR
amplification. The quality and the size of the fragments
were assessed using Qubit 2.0 Fluorimeter with the dsDNA
high-sensitivity assay kit (Life Technologies, Carlsbad, CA,
USA). Indexed samples were sequenced on NextSeq 500
(llumina, Inc., USA) with paired-end reads and an average
sequencing depth of 1,000x and 10,000x for tissue and
plasma samples, respectively. A panel of 168 genes including
68 lung cancer-related genes and 100 other genes related to
cancer development, spanning 0.273 megabases (Mb) of the
human genome, were used for targeted sequencing.

Sequence data analysis

Sequence data were mapped to the reference human
genome (hg19) using the Burrows-Wheeler Aligner v.0.7.10
software package (31). Local alignment optimization,
duplication marking and variant calling were performed
using the Genome Analysis Tool Kit v.3.2 (Broad Institute,
Cambridge, MA, USA) and VarScan v.2.4.3 (Genome
Institute, Washington University, St. Louis, MO, USA) (32).
Each plasma sample was compared against its own white
blood cell control to identify somatic variants. Variants
were filtered using the VarScan fpfilter pipeline, loci with
a depth of less than 100 were filtered out. Base-calling in
plasma and tissue samples required at least eight supporting
reads for single nucleotide variations (SNV) and five
supporting reads for insertion-deletion variations (INDEL),
respectively. Variants with a population frequency over 0.1%
in the ExAC, 1,000 Genomes, dbSNP or ESP6500SI-V2
databases were grouped as single nucleotide polymorphisms
(SNP) and excluded from further analysis. Remaining
variants were annotated with ANNOVAR (2016-02-01
release) (33) and SnpEff v.3.6 (34). Factera v.1.4.3 was used
to carry out analysis of DNA translocation (35). Copy
number variations (CNV) were analyzed on the basis of
the depth of coverage data of capture intervals. Coverage
data were corrected against sequencing bias stemming from
GC content and probe design. The average coverage of
all captured regions was used to normalize the coverage of
different samples to comparable scales. CN was calculated
based on the ratio between the depth of coverage in tumor
samples and average coverage of an adequate number (n>50)
of samples without CNV as references per capture interval.
CNV is called if the coverage data of the gene region was
quantitatively and statistically significant from its reference
control. For CNVs, the limit of detection is 1.5 for CN
deletions and 2.64 for CN amplifications.
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Normalization of MET CN alterations

For each sample, adjusted copy number (adCN) was
calculated as the absolute CN subtracted by 2, which was
defined as the normal CN, divided by tumor purity, and
the addition of 2 from the resulting quotient using the
following formula:

(absolute copy number —?2) +2

Adjusted copy number (adCN) =

tumor purity (1]
Absolute or non-adjusted copy number (non-adCN) was
defined as the CN output from the segmentation algorithm
used to call CN alterations. Tumor purity for each tissue
sample was calculated using the maximum mutant allele
fraction (maxMAF) multiplied by 2 based on the assumption
that mutations are heterogeneous. MaxMAF was defined as
the highest mutant allele fraction among all the mutations
detected from a single sample. The maxMAF for tissue
samples should meet the following criteria: not higher
than 50%, and no CN alterations on the genes selected.
If the maxMAF could not be determined, the tumor cell
percentage determined by hematoxylin-eosin staining of the
FFPE tissue samples evaluated by trained histologists were
used. Tissue samples not meeting the criteria for tumor
purity, tumor percentage and maxMAF were excluded
from the analysis. Tumor purity in plasma c¢fDNA was
determined by the maxMAF multiplied by 2. The maxMAF
for cfDNA should meet following criteria: greater than 2%
and not exceeding 50%, and no CN alterations on the genes
selected in the paired tissue sample. Plasma samples that did
not meet the criteria for tumor purity and maxMAF were
excluded from the analysis.

Statistical analysis

Software packages including Prism 8 (GraphPad, CA, USA)
and R statistics package (R version 3.4.0; R: The R-Project
for Statistical Computing, Vienna, Austria). Survival data
were analyzed by Kaplan-Meier, and log-rank test was used
to compare the difference between survival groups, while
the Mantel-Cox proportional hazard model was used in
the calculation of hazard ratios (HRs). Differences between
groups were calculated and presented using paired, two-
tailed Student’s z-test in P value. In all statistical tests,
P<0.05 was considered statistically significant.
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Results
Normalization of MET CN alteration

Retrospective analysis of the sequencing data from 40 MET-
amplified patients with matched tissue and plasma samples
was carried out to test the feasibility of normalizing MET
CN alterations. Table S1 summarizes the mutation profile of
the matched tissue and plasma samples of this cohort.

Using the data for non-adCN, a very weak correlation
was observed between the paired plasma and tissue samples
(R’=0.26, Figure 14). On the other hand, the correlation
improved after adjusting the absolute CN per sample
relative to its corresponding tumor purity (adCN, R*=0.73,
Figure 1B).

These correlation data suggest that normalizing CN
with tumor purity to account for tumor heterogeneity with
each sample allows either the tissue or plasma samples to be
utilized for the reliable detection of CN alterations by NGS.

The relationship between adjusted MET CN alteration
and concurrent somatic mutation in driver genes

As a potent oncogenic driver, MET amplification has been
shown to be mutually exclusive of other lung cancer drivers
(9,11,36). 'To validate the use of adjusted MET CN in either
tissue or plasma, we further interrogated the mutation
profiles of 127 tissue samples and 61 plasma samples from
MET-amplified patients. Through this, we revealed the
relationship between MET CN and concurrent oncogenic
drivers including activating mutations in KRAS, ALK,
RET, ROS1, BRAF genes, ERBB2 exon 20 insertion, MET
exon 14 skipping, and amplifications in EGFR, ERBB2, and
FGFRI. Since MET amplification is considered to be one
of the mechanisms in developing resistance to EGFR TKI
therapy (37-42), patients with concurrent EGFR sensitizing
mutations who received EGFR TKI therapy were excluded
from this analysis.

Based on the CN data obtained using tissue samples,
adjusted MET CN data reflected the role of MET as a sole
driver when compared to non-adCN data (adCN: P=0.015
vs. non-adCN: P=0.16, Figure 2A4,B). Using the adjusted
MET CN in the tissue samples, we further used the median
adCN of the group as a cut-off value to categorize CNs as
high or low. The patients with 4.8 adCN and less (adCN
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Figure 1 MET copy number normalization. Non-adjusted (A) and adjusted (B) MET copy numbers for the paired tissue and plasma samples

obtained from 40 NSCLC patients. X-axis denotes MET copy number for tissue samples. Y-axis denotes MET copy number for plasma

samples. A regression line is drawn on the graph for reference. MET, mesenchymal-epithelial transition factor; NSCLC, non-small cell lung

cancer.

<4.8) were categorized as having low CN, while those with
CNs exceeding 4.8 adCN (adCN >4.8) were categorized
as high. Consistent with the relationship between MET
amplification and the concurrence of alterations in other
oncogenic drivers, our data also revealed this inverse
relationship, in which a majority (7/11, 63.6%) of the MET-
amplified patients with high CN had no other alteration in
driver genes, while a majority (18/29, 62.1%) of the MET-
amplified patients with low CN had concurrent alteration
in other oncogenic drivers (P=0.12, Figure 2C).

On the other hand, based on the CN data obtained using
plasma samples, both the non-adCN and adCNs reflected
the relationship between MET amplification and concurrent
alterations in other oncogenic genes (Figure 2D,E).
However, compared to the non-adjusted data, greater
statistical significance was seen with the adCN (adCN:
P=0.002 vs. non-adCN: P=0.016, Figure 2D,E). Moreover,
the adjusted MET CN from the plasma samples even better
reflected the mutual exclusivity of MET amplification and
concurrent alterations in other oncogenic genes. A majority
(9/11, 81.8%) of the MET-amplified patients with high CN
had no other driver gene alterations, while a majority (23/29,
79.3%) of the MET-amplified patients with low CN had
concurrent alterations in oncogenic drivers (P=2.469x107°,
Figure 2F).

These data suggest that the relationship between
MET amplification and concurrent oncogenic drivers was
reflected by the adCNs derived from data using either tissue
or plasma samples.

© Annals of Translational Medicine. All rights reserved.

The relationship between MET CN and survival outcome
of MET-amplified patients after treatment with MET TKI

To demonstrate the MET CN that will have a better
response to MET TKI, we analyzed the survival data from
18 MET-amplified patients with no concurrent alterations
in other oncogenic genes.

Of these 18 MET TKI-treated patients with MET as
the sole oncogenic driver, 78% (14/18) were male, and
the rest (22%, 4/18) were female. The median age of the
patients was 53 years, ranging from 36 to 80 years. The
predominant histology of the patients in this cohort was
adenocarcinoma (88.9%, 16/18), while 1 patient had large
cell neuroendocrine carcinoma and 1 had an undetermined
subtype. Most of the patients were clinically diagnosed
with stage IV (94.4%, 17/18), and the remaining patient
had stage IIIB. Among these patients, 16 patients received
crizotinib and 2 patients received cabozantinib. The patient
characteristics are summarized in Table 1.

The non-adjusted and adjusted MET CNs of the
patients were stratified accordingly into tertiles and
patients categorized into low-, intermediate- and high-level
amplification for further analysis. Based on the progression-
free survival (PFS) data, non-adjusted MET CN did
not reflect a benefit of MET TKI among all the groups
regardless of groupings (P=0.25, Figure 34). According
to Cox proportional analysis for non-adCN, only a cut-
off of 3 CNs could stratify the patients to demonstrate
differences in PFS [P=0.004, HR =0.07, 95% confidence
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Figure 2 Validation of adjusted MET copy number with the concurrence of driver mutations. Tissue (A,B,C) and plasma (D,E,F) samples
were both used to validate the relationship of either non-adjusted (A,D) or adjusted (B,C,E,F) MET copy numbers with concurrent
alterations in other oncogenic genes. (A,B,C) Tissue samples were collected from a total of 127 patients, including 53 patients with
concurrent driver mutations and 74 with only MET as sole driver. (D,F) Plasma samples were collected from a total of 61 patients, including
29 patients with concurrent driver mutations and 32 with only MET as sole driver. (A,B,D,E) X-axis denotes the presence or absence of
concurrent driver mutations. Y-axis denotes the MET copy numbers. (C,F) X-axis refers to the percentage of patients. Y-axis denotes the
presence or absence of concurrent driver mutations. Black bar denotes low-level MET copy number patients (MET adCN <4.8). Gray bar
denotes high-level MET copy number patients (MET adCN >4.8). MET, mesenchymal-epithelial transition factor; adCN, adjusted copy

number.
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Table 1 Patient demographics of the 18 MET-amplified patients in the cohort

Patient characteristics Total (n=18) L:Jvml\gis:gy cl;tpe;r:jrc:z;er ,(\zl;:g) H;?j;ﬂgjc::;y
Gender

Female 4(22.2%) 3 (50.0%) 1(16.7%) 0

Male 14 (77.8%) 3 (50.0%) 5 (83.3%) 6 (100%)
Age (years)

Median 53 53 52 61

Range 36-80 44-78 44-80 36-65
Histological types

Adenocarcinoma 16 (88.9%) 5 (83.3%) 6 (100.0%) 5 (83.3%)

Large cell neuroendocrine carcinoma 1(5.6%) 1(16.7%) 0 0

Undetermined 1(5.6%) 0 0 1(16.7%)
Clinical stage

Stage lllb 1(5.6%) 0 0 1(16.7%)

Stage IV 17 (94.4%) 6 (100.0%) 6 (100.0%) 5 (83.3%)
MET TKI administered

Crizotinib 16 (84.2%) 6 (100.0%) 4 (66.7%) 6 (100.0%)

Cabozantinib 2 (10.5%) 0 2 (33.3%) 0
Previous lines of treatment

0 7 (38.9%) 3 (50.0%) 1(16.7%) 3 (50.0%)

1 8 (44.4%) 3 (50.0%) 3 (50.0%) 2 (33.3%)

>1 3(16.7%) 0 2 (33.3%) 1(16.7%)
Median PFS (days) - 37.5 84 Not reached
Number of patients whose disease had not progressed at time of last follow-up 0 0 5 (83.3%)

MET, mesenchymal-epithelial transition factor; TKI, tyrosine kinase inhibitor; PFS, progression-free survival.

interval (CI): 0.01-0.41; Figure 3B]. On the contrary, tertile
stratification of the adjusted data revealed that adCN
could directly reflect the benefit of MET TKI among the
patients. In relation to this, the patients with adCN of <5.5,
categorized as low-level amplification, had the shortest
median PFS of 37.5 days (7Table SI). The patients with
intermediate-level amplification and adCN between >5.5
to <13 had a median PFS of 84 days (Table S2). Meanwhile,
the patients with adCN of >13, categorized as high-level
amplification, showed longer PFS, with a median PFS that
has not yet been reached (P=0.009, Figure 3C, Table 2). Cox
proportional analysis for adCN revealed that a cut-off of
5 and above can allow effective stratification of patients
based on adCN and reveal differences in PFS (cut-off =5,

© Annals of Translational Medicine. All rights reserved.

P=0.045, HR =0.3, 95% CI: 0.1-0.97; Figure 3D).

Each of the 6 patients with high-level MET CN
amplification was male, with a median age of 61 years
(range, 36 to 65 years). A majority of the patients (83.3%,
5/6) were diagnosed with adenocarcinoma and 1 patient
had an undetermined subtype, and most of them (83.3%,
5/6) had stage IV, although 1 patient had stage IIIb. Three
patients (50%) were treatment-naive, two patients (33%)
had previously received chemotherapy, and one patient
had previously received immunochemotherapy. All of the
patients with high-level amplification received crizotinib.
Furthermore, 83% (5/6) of the patients with high-level
MET CNs had not experienced disease progression at the
time of the last follow-up in comparison with the other
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Figure 3 Kaplan-Meier analysis of progression-free survival of the 18 MET TKI-treated NSCLC patients based on the non-adjusted (A,B)

and adjusted (C,D) MET copy numbers classified according to abundance. (A,C) Progression-free survival curve. Pink bars indicate low

copy number, orange bars refer to intermediate copy number, and green bars represent high copy number. X-axis denotes survival time in

days starting from the first day of treatment. Y-axis denotes the percentage of patient survival. Tick marks indicate survival of patients whose
disease had not progressed at last follow-up. (B,D) Forest plot demonstrating the corresponding Cox proportional HR, 95% CI, and P value
of each MET copy number cut-off. X-axis denotes the hazard ratio of PFS at 95% CI. Y-axis denotes different MET copy number cut-off.

non-adCN, non-adjusted copy number; adCN, adjusted copy number; MET, mesenchymal-epithelial transition factor; TKI, tyrosine kinase

inhibitor; NSCLC, non-small cell lung cancer; HR, hazard ratio; CI, confidence interval.

groups (Table I). Detailed patient information is summarized
in Tuble 2.

These data suggest that adjusted MET CN can be used as
a standard for identifying the subset of patients with MET-
dependent NSCLC who can benefit from MET TKI.

Discussion

Gene amplification is the most frequent genetic alteration
associated with cancer (43). Traditionally, FISH was used
to quantify gene amplifications; however, single-gene tests
are time-consuming and can become costly when several
tests are ordered at once. Targeted NGS, owing to its

© Annals of Translational Medicine. All rights reserved.

ability to simultaneously test multiple cancer-related genes
and mutation types, has become the preferred choice for
comprehensive mutational profiling in cancer diagnosis
in recent years. A well-designed panel for targeted NGS,
which includes oncogenic driver genes and key genes
that are involved in pathways leading to carcinogenesis,
can identify targetable as well as concurrent mutations
in patients and can inform their treatment approach.
Targeted NGS can also be used to monitor the course of
treatment to gain molecular insight into the mechanism
driving disease progression and guide subsequent treatment
approaches (27,28). However, the DNA samples used for
detection and quantification in NGS are extracted from a
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Table 2 Detailed clinical characteristics of the 6 patients with high-level MET copy number treated with crizotinib

Patient Age Gender Lung cancer Clinical Absolute '\fuar);'\élf;ir Adjusted Previous lines of MET TKI PFS
number (years) subtype stage MET CN + METCN treatment administered (days)
percentage
1 36 M Adenocarcinoma I\ 11.65 41.24% 13.70 2 (1 line chemotherapy, Crizotinib 117+
1 line immunotherapy)

2 61 M Adenocarcinoma I\ 13.33 47.15% 14.01 1 (chemotherapy) Crizotinib 89
3 63 M Adenocarcinoma I\ 4.56 20%" 14.80 0 Crizotinib 58
4 65 M Undetermined \% 8.82 14.48% 25.55 0 Crizotinib 269*
5 51 M Adenocarcinoma I\ 9.30 14.40% 27.35 1 (chemotherapy) Crizotinib 744~
6 60 M Adenocarcinoma b 3.36 3%" 47.33 0 Crizotinib 143
#

, the hash indicates the tumor cell percentage was used for the normalization of the sample; *, patients whose disease had not
progressed as of last follow-up, PFS indicate the day of last follow-up. MET, mesenchymal-epithelial transition factor; CN, copy number;

TKI, tyrosine kinase inhibitor; PFS, progression-free survival.

combination of tumor cells and non-tumor cells including
normal stromal, epithelial and lymphoid cells. With the
inherent genetic intratumor heterogeneity, interpreting
absolute CN would incur bias and increase false-positive
rates. The normalization method derived in this study takes
into account tumor heterogeneity by adjusting the absolute
CN derived from NGS data with tumor purity based on
maxMAF. Based on our findings, this method could identify
the MET CN to define the patients whose tumors are
primarily driven by MET and reflect the response to MET
TKIs. Additionally, this normalization method could be
utilized for CN data obtained from either tissues or plasma
samples. For tumor samples, adCNs normalized with tumor
purity were highly correlated (Pearson coefficient 0.6533,
P<0.0001; Figure S1); this suggests tumor purity using either
NGS-based maxMAF or H&E-based tumor percentage
could reliably normalize the NGS-derived CNs. Similarly,
FISH-based assessment of MET amplification involves
counting of MET/CEP7 ratio in at least 50 nuclei of tumor
cells per specimen (22,39), indicating that it is critical to
estimate CNs from only the tumor cell component of the
sample to reflect relative CNs from NGS-derived CNs.
The exclusion of the proportion of non-tumor cells from
NGS data using our normalization method reflected the
actual MET CNs from the tumor cell component of the
patient samples and enabled the identification of patients
with high MET CNs who benefitted from crizotinib
therapy. Consistent with highly efficient targeted inhibition
of oncogenically-addicted cells (23,44), our findings
demonstrate that the higher the relative MET CN, the
better the treatment outcomes with MET TKI.

© Annals of Translational Medicine. All rights reserved.

Alterations in MET are associated with higher metastatic
potential due to its involvement with pathways including
proliferation, survival, and motility (7-11). Several reports
have also revealed that MET amplifications are mutually
exclusive of other lung cancer drivers, suggesting they
represent true oncogenic driver state (9,11). Reflecting
the dependency of the tumor to MET amplifications,
high-level MET amplification has been associated with
dramatic responses to MET TKI. This assertion was
successfully demonstrated with the use of the adCNs in
our study when MET TKI-treated patients with adCN
of more than 13, who were categorized as high-level
amplification, had significantly more durable responses to
MET TKI, reflected by a longer PFS in comparison with
patients in the other categories. On the contrary, lower
amplification levels relate to MET as a coincident event (14).
Consistently, the data derived from our normalization
method reflected the mutually exclusive relationship
between MET amplification and concurrent oncogenic
drivers. However, a certain percentage of patients with
MET CNs >4.8 also had concurrent oncogenic gene
alterations, highlighting the essentiality of molecular
profiling in understanding the patients’ mutational
landscape and the design of combination therapy for this
subset of patients. Combination therapy has recently gained
an increasing amount of attention and is a promising
strategy to synergistically address concurrent oncogenic
alterations (20,21,45).

Due to its retrospective nature, our study has limitations
that should be discussed. These include the small number
of patients involved in the validation cohort, and the lack of
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several types of clinical data including MET amplification
evaluated by FISH, maximum tumor reduction, and the
objective responses of the MET TKI-treated patients
for correlation studies. Well-designed prospective
studies which take into consideration a larger cohort are
necessary to further validate the use of adjusted MET CN
as a predictive biomarker. It would also be interesting to
explore the application of adjusted MET CN in predicting
clinical benefit with more selective MET TKIs including
capmatinib, and tepotinib. It is also possible to incorporate
adjusted MET CN as a biomarker in clinical trials of
other MET TKIs that are currently under investigation.
Moreover, the comparison of adjusted MET CN with
traditional methods of assessing MET amplifications or
overexpression including FISH and immunohistochemistry
would also be important in establishing adjusted MET CN

as a predictive biomarker.

Conclusions

Overall, we derived a normalization method that could
reflect the relative CN and distinguish MET-amplified
NSCLC patients with high-level amplification who
were sensitive to crizotinib. These findings highlight the
importance of factoring in intratumor heterogeneity in the
interpretation of CN data generated from NGS. Moreover,
our study paves the way for the potential use of adjusted
MET high CN gain as a predictive biomarker for MET
"TKI response in NSCLC patients.
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Supplementary

Table S1 Detailed clinical characteristics of the 6 patients with low-level MET copy number treated with MET TKI

Patient  Age Gender Lung cancer Clinical Absolute '\:I:;'\gf:eﬁr Adjusted Previous lines of MET TKI PFS
number (years) subtype stage MET CN + METCN treatment administered (days)
percentage
7 53 M Large cell v 2.43 23.58% 2.91 1 (chemotherapy) Crizotinib 31
neuroendocrine
carcinoma

8 72 M Adenocarcinoma v 3.01 60%" 3.68 0 Crizotinib 242
9 51 F Adenocarcinoma I\ 3.32 70%" 3.88 0 Crizotinib 85
10 78 F Adenocarcinoma I\ 2.73 19.21% 3.90 1 (targeted therapy)  Crizotinib 31
11 52 F Adenocarcinoma v 4.27 44.80% 4.53 0 Crizotinib 37
12 44 M Adenocarcinoma % 4.54 80%# 5.18 5(2lines Cabozantinib 38

chemotherapy, 2 lines
targeted therapy)

#, the hash indicates the tumor cell percentage was used for the normalization of the sample. MET, mesenchymal-epithelial transition
factor; TKI, tyrosine kinase inhibitor; CN, copy number; PFS, progression-free survival.

Table S2 Detailed clinical characteristics of the 6 patients with intermediate-level MET copy number treated with MET TKI

Patient  Age Gender Lung cancer Clinical Absolute '\:Ijr)::\él?;ﬁr Adjusted Previous lines of MET TKI PFS
number (years) subtype stage METCN + METCN treatment administered  (days)
percentage
13 44 M Adenocarcinoma I\ 2.99 12.90% 5.84 1 (chemotherapy) Crizotinib 59
14 80 F Adenocarcinoma I\ 6.04 80%" 7.05 1 (targeted therapy)  Crizotinib 78
15 52 M Adenocarcinoma I\ 5.19 60%" 7.32 1 (chemotherapy) Crizotinib 61
16 51 M Adenocarcinoma I\ 3.8 15.20% 7.92 2 (chemotherapy and Cabozantinib 246
targeted therapy)

17 50 M Adenocarcinoma I\ 4.01 15.85% 8.34 1 (targeted therapy)  Crizotinib 122
18 59 M Adenocarcinoma I\ 10.58 40.43% 12.55 0 Crizotinib 90

#, the hash indicates the tumor cell percentage was used for the normalization of the sample. MET, mesenchymal-epithelial transition
factor; TKI, tyrosine kinase inhibitor; CN, copy number; PFS, progression-free survival.
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Figure S1 Correlation analysis between adjusted copy number (adCN) normalized with NGS-based maxMAF (MAF adCN) and H&E-
based tumor percentage (HE adCN) evaluated from 46 tumor samples revealed a Pearson coefficient of 0.6533 and P<0.0001.
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