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Abstract:

Amplification of the mesenchymal-epithelial transition (MET) gene plays an important role in anticancer
drug resistance to anaplastic lymphoma kinase-tyrosine kinase inhibitors (ALK-TKIs) in echinoderm
microtubule-associated protein-like 4-anaplastic lymphoma kinase (EML4-ALK)-rearranged lung cancer cells.
We encountered an ALK-rearranged lung cancer patient who developed MET amplification after alectinib
treatment and showed an effective response to fifth-line crizotinib. First-line alectinib treatment was effective
for 2.5 years; however, liver metastases exacerbated. Liver biopsy specimens revealed MET and human epi-
dermal growth factor receptor 2 (HER2) amplifications. Switching to the MET inhibitor crizotinib improved

liver metastases. Crizotinib may be effective in ALK-positive patients with MET amplification.
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Introduction

The echinoderm microtubule associated protein like 4
(EML4)-anaplastic lymphoma kinase (ALK) fusion gene
(EMLA4-ALK), identified in 2007, is known as a driver gene
in patients with lung cancer and can be found in approxi-
mately 5% of non-small-cell lung cancer patients (1).

Drug resistance, including that to anticancer tyrosine
kinase inhibitors (TKIs; such as ALK inhibitors), is a seri-
ous clinical problem in non-small-cell lung cancer treat-
ment (2, 3). Mesenchymal-epithelial transition (MET) ampli-
fication is a main drug resistance mechanism after TKI

treatment. MET is a proto-oncogene that encodes c-MET, a
receptor-type tyrosine kinase. c-MET binding to its ligand,
hepatocyte growth factor (HGF), activates various intracellu-
lar signaling cascades that promote tumor cell proliferation,
migration, invasion, and angiogenesis (4, 5). MET activation
occurs upon MET gene amplification, MET protein overex-
pression, overstimulation by HGF, and MET exon 14 skip-
ping mutations (6).

MET amplification is one of the main drug resistance
mechanisms after alectinib treatment. In addition, MET am-
plification is also associated with resistance to other TKIs in
non-small-cell lung cancer treatment, such as epidermal
growth factor receptor (EGFR)-TKIs (7). Therefore, com-
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bined EGFR-TKIs and MET inhibitors may help treat non-
small-cell lung cancer patients with resistance to EGFR in-
hibitors promoted by MET amplification (8). MET amplifi-
cation was detected in approximately 10% of tumor biopsies
from patients that relapsed after TKI treatment (9). Several
case reports (10-14) and one study (15) have suggested that
MET amplification can mediate resistance to ALK-TKIs, and
the reported rate of MET amplification is 15% among tumor
biopsies from patients that relapse after treatment with selec-
tive ALK inhibitors (15). Overall, sequential therapy using
MET inhibitors may also be effective in treating non-small-
cell lung cancers, but proper screening of genetic mutations
is essential for achieving effective treatment strategies in
these patients.

Crizotinib was first approved in Japan for the treatment of
ALK fusion gene-positive lung cancers. In addition to ALK,
crizotinib is also a kinase inhibitor of MET and c-ros onco-
gene 1 (ROS-1). Alectinib was approved for the treatment of
ALK fusion gene-positive lung cancer patients in Japan in
2014 (16) and is often administered as the first-line treat-
ment, since it has a reduced rate of adverse effects and
greater efficacy than other ALK inhibitors (17-21). Several
reports have demonstrated the efficacy of crizotinib as a
MET inhibitor (10-15).

We herein report a Japanese patient with ALK-positive
lung cancer that recurred after transiently successful alect-
inib treatment, showing confirmation of MET amplification
in metastatic liver lesions, that was successfully treated with
crizotinib.

Case Report

A non-smoking Japanese woman in her 40s was diag-
nosed with lung adenocarcinoma (cT1cN3Mlec, clinical
stage IVB, 8th edition of the International Union against
Cancer/American Joint Committee on Cancer TNM staging
system) in August 20XX-3. Her initial general health condi-
tion was poor, with pericardial effusion, hoarseness associ-
ated with recurrent laryngeal nerve palsy, and multiple liver
metastases. Biopsy specimens were taken from the mediasti-
nal lymph nodes, and the diagnosis of ALK-positive lung
adenocarcinoma was made based on immunohistochemical
(IHC) analysis and break-apart fluorescence in-situ hybridi-
zation (FISH) results.

Alectinib (300 mg twice daily) was used as first-line ther-
apy, and her general condition and radiological findings im-
proved. One year after initiating alectinib treatment, a single
brain metastasis was observed in the cerebellum, and brain
radiotherapy was added to the treatment plan (36 Gy/3 frac-
tions). Approximately 2.5 years after alectinib administration
(January 20XX), the number of liver metastases rapidly in-
creased, and alectinib was switched to lorlatinib as second-
line treatment, resulting in no response and exacerbated liver
metastases on computed tomography (CT) in March 20XX
(Fig. 1).

Since the liver metastases increased rapidly, while the pri-

mary lesions did not, we considered the acquisition of a re-
sistance mechanism to ALK-TKI in the liver metastases. In
addition, there were mixed areas of both increasing and de-
creasing liver metastases in size, indicating tumor heteroge-
neity. A liver biopsy was performed to analyze gene altera-
tions of the tumor (Fig. 2A, white arrowhead, Fig. 3A-ii) in
March 20XX, but the sample volume was not sufficient to
perform next-generation sequencing (NGS). Other organs
did not exhibit signs of metastases, but the liver metastases
were rapidly growing; palliative radiotherapy (30 Gy) was
therefore performed in April 20XX.

Subsequent systemic chemotherapy with carboplatin
(CBDCA) and nanoparticle albumin-bound paclitaxel (nab-
PTX) were administered as third-line chemotherapy, and
bevacizumab (BEV) was also initiated in June 20XX. How-
ever, these systemic chemotherapy and radiotherapy rounds
were ineffective, and new liver metastases (Fig. 1, white ar-
rowheads) and paratracheal lymph node enlargement were
observed, on CT in August 20XX. At this time, a second
liver biopsy of the new liver metastases was performed
(Fig. 2B, white arrow, Fig. 3A-iii), and biopsied specimens
were submitted to the Lung Cancer Genomic Screening Pro-
ject for Individualized Medicine Molecular Testing for Re-
sistant Tumors to Systemic Therapy (LC-SCRUM-TRY), a
project for the genomic screening of cancers, for the analy-
sis of chemotherapy resistance genes using NGS (22). The
genetic analysis was conducted using the Oncomine™ Preci-
sion Assay (Thermo Fisher Scientific, Waltham, USA). Be-
fore obtaining the results of the genetic analysis, a second
round of palliative radiotherapy (30 Gy) and hyperthermia
therapy were administered, and brigatinib was started as
fourth-line treatment in September 20XX. Despite these
treatments, the growth of liver metastases and peritoneal dis-
semination was observed. Opioid analgesics were started for
abdominal pain due to the peritoneal metastasis dissemina-
tion.

A genetic analysis (conducted using the Oncomine™ Pre-
cision Assay; Thermo Fisher Scientific) revealed amplifica-
tion of the MET (9.91 gene copies) and human epidermal
growth factor receptor type 2 (HER2) genes (4.26 gene cop-
ies), but no point mutations in ALK [EMIL4-ALK fusion
(variant 2: E20; A20) was detected]. Furthermore, FISH im-
ages of biopsies showed a high copy number of MET (MET/
CEP7 ratio 5.6, Fig. 3B) (23).

Crizotinib (250 mg twice daily) was introduced in Octo-
ber 20XX to target MET amplification, and her abdominal
pain gradually improved. Abdominal echography performed
11 days after crizotinib administration showed a decreased
size of the liver metastases. Abdominal CT performed 30
days after the start of crizotinib showed shrinkage of liver
metastases and para-aortic lymph nodes (Fig. 1, November
20XX). Grade 2 dysgeusia and appetite loss appeared as ad-
verse effects of crizotinib, but these symptoms abated over
time. Crizotinib was effective for four months until a re-
increase in the liver metastases occurred.
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Figure 1. Clinical course of the patient. The patient was diagnosed with stage IVB ALK-positive
lung adenocarcinoma in August 20XX-3 and given alectinib as first-line treatment. A positive treat-
ment effect continued for about 2.5 years. However, in January 20XX, liver metastases rapidly devel-

oped, and the patient was switched to lorlatinib as second-line treatment. Nevertheless, the liver me-

tastases increased further, and levels of tumor markers also tended to increase. A liver biopsy was
performed to confirm the resistance mechanism, but an adequate specimen could not be obtained.
The treatment regimen was changed to third-line CBDCA+nab-PTX in April 20XX, and BEV was
started in June 20XX. However, computed tomography in August 20XX revealed new liver metasta-
ses (white arrowheads), and a second liver biopsy of these metastases was performed. The biopsied
specimens were subjected to next-generation sequencing. In September 20XX, before obtaining the
results of the analysis, palliative radiotherapy and hyperthermia therapy were administered, and
brigatinib was started as fourth-line treatment. Despite these treatments, growth of the liver metasta-
ses and peritoneal dissemination were observed. After the second liver biopsy confirmed MET ampli-
fication, crizotinib was administered as fifth-line treatment, and all liver metastases were reduced in
size. A marked reduction in the CEA level was also observed. During the entire treatment period, the
primary lesion in the lower right lobe (white arrow) did not increase. ALK: anaplastic lymphoma
kinase, BEV: bevacizumab, CBDCA: carboplatin, CEA: carcinoembryonic antigen, MET: mesenchy-
mal-epithelial transition gene, nab-PTX: nanoparticle albumin-bound paclitaxel, RTx: radiation
therapy

Discussion

Mechanisms of resistance to ALK inhibitors include sec-
ondary mutations in their receptors, such as L1196M,
C1156Y, L1152R, and G1202R (3); activation of bypass
pathways; overexpression of P-glycoproteins (2, 24, 25); and
cancer cell transformations, such as conversion to small-cell
carcinoma (26, 27). First- and second-generation ALK in-
hibitors (crizotinib, alectinib, ceritinib) exhibit different
types of inhibitory activities to counter secondary muta-

tions (3). The activation of c-KIT, EGFR, and MET is
known to activate the bypass pathways of tumor prolifera-
tion (3). Crizotinib, a multi-kinase inhibitor, including tar-
geting MET, is suggested to be effective in downregulating
MET activation, and in vitro studies have also demonstrated
the therapeutic potential of crizotinib for inhibiting MET ac-
tivation (28).

In the present patient, MET amplification was suggested
to be the mechanism responsible for the development of
alectinib resistance, as 1) the third-generation ALK-TKIs
lorlatinib and brigatinib were ineffective in inhibiting the ef-
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Figure 2. Location of the liver biopsy. (A) An initial liver biopsy was performed, but the specimen
collected at the cystic metastatic site (white arrowhead) was in a liquid state, indicating necrosis, and
adequate tissue sample could not be obtained. (B) For the second liver biopsy, a large area was se-
lected within the vicinity of emerging liver metastases (white arrow) and evaluated by abdominal ul-
trasonography, resulting in sufficient tissue sampling.

Figure 3. (A) Hematoxylin and Eosin (H&E) staining sample of the metastatic tumor. Each tissue
sample had similar tumor cell characteristics. i) Lymph node metastasis of lung adenocarcinoma
(EBUS-TBNA, H&E staining, x200): the specimen showed the proliferation of atypical epithelial cells
arranged in a tubular or cribriform growth fashion. ii) Liver metastasis of lung adenocarcinoma
(needle biopsy in March 20XX, H&E staining, x200): atypical epithelial cells arranged in a tubular or
cribriform growth fashion were seen (immunohistochemically, the atypical cells were diffusely posi-
tive for TTF-1, Napsin A, and ALK and negative for synaptophysin and INSM-1). iii) Liver metasta-
sis of lung adenocarcinoma (needle biopsy in Aug 20XX, H&E staining, x200): the specimen revealed
a proliferation of atypical epithelial cells arranged in nests, sheets, or a trabecular growth fashion
(immunohistochemically, the atypical cells were diffusely positive for TTF-1, Napsin A, and ALK and
negative for synaptophysin and INSM-1). Scale bar=50 um. (B) A MET/CEP7 FISH assay (red signal:
MET gene; green signal: CEP7). This representative case with MET/CEP7 5.6 (25) was classified as
having high-level MET amplification. EBUS-TBNA: endobronchial ultrasound-guided transbron-
chial needle aspiration, TTF-1: thyroid transcription factor-1, INSM-1: insulinoma-associated pro-
tein 1, MET/CEP7: ratio of MET to centromere chromosome 7 probe, CEP7: centromere of chromo-
some 7, FISH: fluorescence in-situ hybridization
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Table. Case Reports of MET Gene Amplification in ALK-positive Lung Cancer.
Duration time between Outcome
Case Age Sex  Prior chemothera starting other prior Recurrent sites and i Reference
g Py ALK-TKI and complications Duration of Response
receiving crizotinib administration
1 43 F CDDP+PEM, DOC, Alectinib (10.5 months)  Multiple liver metastases, ND ND 10
CBDCA+GEM, alectinib DIC
2 44 F Alectinib, lorlatinib Alectinib (9 months), Pericardial effusion, 1 month PR 11
lorlatinib (4 weeks) pulmonary embolism
3 40 F Crizotinib, Lorlatinib (7 months) Brain metastasis, right 14 months PR 13
CBDCA+PEM, alectinib, adrenal gland metastasis
DOC, lorlatinib
4 ND ND Alectinib, CBDCA+PEM  Alectinib (9 months) Chest wall metastasis, liver 10 weeks PR 15
metastasis, bone metastasis
5 64 F  Alectinib, CBDCA+PTX  Alectinib (6 months) Right adrenal gland 10 months PR 14
metastasis, bone metastasis,
abdominal and
retroperitoneal lymph nodes
metastasis
Present 42 F  Alectinib, CBDCA+nab-  Alectinib (2.5 years), Brain metastasis, liver 4 months PR -

case PTX+Bev, lorlatinib,

brigatinib

lorlatinib (2 months),
brigatinib (1 month)

metastasis, peritoneal
dissemination

CDDP: cisplatin, PEM: pemetrexed, DOC: docetaxel, CBDCA: carboplatin, GEM: gemcitabine, PTX: paclitaxel, nab-PTX: nanoparticle albumin-bound pacli-

taxel, Bev: bevacizumab, DIC: disseminated intravascular coagulation, PR: partial response, PD: progressive disease, ND: not described

fects of ALK mutations; 2) no secondary mutations in ALK
were observed; 3) the coexistence of ALK and MET muta-
tions is rarely observed prior to ALK-TKI administration,
especially in high-level MET amplification cases (29-32);
and 4) an improvement in the clinical condition of our pa-
tient was observed after crizotinib administration.

Lower levels of MET amplification were reported in
ALK-positive lung cancer patients receiving crizotinib ther-
apy than in those treated with other ALK-TKIs (15). This
finding highlights the importance of MET amplification in
the development of drug resistance to alectinib, which is be-
ing used increasingly frequently as the first-line treatment in
ALK-positive lung cancer patients. Our patient developed
resistance to alectinib after showing a favorable anticancer
response for 2.5 years, with a rapid increase in the number
of hepatic metastases and consequent carcinomatous perito-
nitis. In a previous report on MET amplification in a patient
with ALK-positive lung cancer, disease aggravation was ac-
companied by an extremely progressive and deteriorating
clinical condition, such as one characterized by pericardial
effusion and disseminated intravascular coagulation (Table).
In these severe disease cases, it may not be possible to con-
firm the resistance mechanism by a biopsy and rescue the
patient with systemic anticancer therapy in time. Therefore,
it is essential to confirm the type of drug resistance mecha-
nism as soon as the symptoms of progressive disease (PD)
appear for the proper selection of therapeutic modalities. In
addition, the primary lung lesions were not consistently en-
larged in this case, and only the liver metastases were no-
ticeably enlarged. This suggests tumor heterogeneity, and it
is important to search for resistance mechanisms targeting
tumors that tend to increase in size.

The FISH method was used to evaluate the copy number
of the MET gene in our patient. FISH evaluates the copy
number by assessing the ratio of the total number of signals
in the MET gene and the centromere region of chromosome
7 (MET/CEP7 ratio). Unlike the polymerase chain reaction
method, it can also distinguish between MET gene amplifi-
cation and polysomy of chromosome 7. Although there is
still no international consensus on the MET gene copy num-
ber and MET/CEPT ratio thresholds, we used a high amplifi-
cation threshold of the MET gene when the MET/CEP7 ra-
tio was 25, based on previous reports (23, 33, 34). In cases
of MET amplification in the EGFR-TKI resistance mecha-
nism, the higher the amplified copy number, the stronger the
combination effect of EGFR-TKI and MET inhibitor (35).
Therefore, determining the burden of severe MET amplifica-
tion may help determine the drug resistance mechanism.

HER?2 amplification was simultaneously detected with
MET amplification in our patient. HER2 amplification is ob-
served in EGFR mutation-positive patients as a drug resis-
tance mechanism (36), and reports suggest that HER2 ampli-
fication can also contribute to ALK-TKI resistance (37).
Thus, HER2 amplification might also have been responsible
for the anticancer drug resistance in our patient. Effective
treatment strategies to suppress HER2 amplification in
EGFR- and ALK-positive cancers have not yet been estab-
lished. Nevertheless, the administration of HER2-TKI to a
patient with HER2-positive lung cancer (without respective
driver mutation) was effective in alleviating symptoms (38).
HER2-TKIs might therefore be an alternative effective strat-
egy of treatment in cancer patients with drug resistance de-
veloped due to HER2 amplification.
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Conclusions

We encountered a patient with ALK-positive lung cancer

who became refractory to ALK-TKI treatment, possibly due
to MET amplification confirmed by re-biopsy specimens af-
ter 2.5 years of successful treatment, and in whom crizotinib
was clinically effective. The present findings suggest the im-
portance of the early detection of gene alterations responsi-
ble for drug resistance using re-biopsy specimens.

The authors state that they have no Conflict of Interest (COI).
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