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Fig. 1. Endobronchial ultrasound-guided fine-needle aspiration of station 10L lymph node. H&E 20 ×:
variable-sized fragments of tumor cells (upper image). TTF1 20 ×: tumor cells show weak, patchy nuclear
positive for TTF-1 (lower image).

pared using the Quantidex NGS RNA
Lung Cancer Kit (Asuragen) according to the manufacturer’s instructions.
EML4-ALK gene rearrangement
(EML4 exon 20 fused to ALK exon 20)
was detected. Based on this finding,
the patient was treated with alectinib,
a highly potent second-generation
ALK-specific kinase inhibitor, 600 mg
twice daily. No conventional chemotherapy was used.
The patient’s clinical symptoms
were initially stable, but within one
month she developed headaches and
had evidence of progression by restaging MRI, which showed many
new enhancing intracranial lesions.
Guardant360 74-gene cell-free DNA
(cfDNA) NGS assay (Guardant

Health) with a clinical sensitivity of
85 percent9 was performed on peripheral blood specimen and identified
EML4-ALK fusion (11.2 percent
cfDNA). This assay also showed the
unexpected finding of high-level
MYC amplification with an estimated plasma copy number of 33.9 (normal copy number=2).10 No ALK mutations associated with resistance to
inhibitors, or bypass mutations in
other pathway genes, were identified.
Immunohistochemical analysis of cMyc (clone Y69 from Abcam) performed on the lymph node fine-needle aspiration specimen obtained at
diagnosis (i.e. before therapy) demonstrated strong diffuse nuclear MYC
positivity in most of the neoplastic

cells (Fig. 2, upper image [next page]).
Fluorescence in situ hybridization on
the same diagnostic material using a
breakapart probe to the MYC locus
(Abbott Laboratories) showed amplification of the 5’ (centromeric) portion
of the probe (Fig. 2, lower image).
Because of the symptomatic progression of the patient’s multiple
brain metastases, the patient was
treated with steroids and later with
palliative whole brain radiotherapy.
Several days later she was admitted
with sepsis due to suspected aspiration pneumonitis, postobstructive
pneumonia, and right-sided pleural
effusion. After admission the patient
was started on antibiotics, but her
overall condition rapidly deteriorated
and she died of acute respiratory
failure three months after starting
targeted therapy.
Discussion. Over half of newly
diagnosed patients with lung cancer
have metastatic disease at the time of
diagnosis, making surgical intervention ineffective.11 Therapy targeted at
the underlying molecular abnormality has significantly improved the
clinical outcomes of subgroups of
NSCLC patients with actionable mutations in EGFR, ALK, ROS1, RET,
BRAF V600E, MET exon 14, and
NTRK.12 Multiple ALK tyrosine kinase inhibitors, including crizotinib,
ceritinib, alectinib, brigatinib, and
lorlatinib, have been approved by the
Food and Drug Administration for
the treatment of patients with advanced ALK-positive NSCLC.13
Among these TKIs, alectinib is currently considered the preferred firstline treatment because of its clinical
activity and favorable toxicity profile.2 According to a recent study,
alectinib is more effective than standard chemotherapy in patients with
advanced or metastatic ALK-positive
NSCLC, with a median progressionfree survival significantly longer with
alectinib than with chemotherapy (9.6
months versus 1.4 months).14 Studies
have also demonstrated that in patients with advanced ALK-rear-
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ranged NSCLC, alectinib has a higher
brain penetration15 and overall central
nervous system response rate15 than
crizotinib (85.7 percent versus 71.4
percent, respectively).
Although the use of ALK TKIs has
led to marked improvements in response and survival, patients with
ALK-rearranged NSCLC inevitably
develop secondary resistance.16 Current research on resistance to ALK
inhibitors in NSCLC largely focuses
on identifying and characterizing the
molecular mechanisms causing secondary resistance, such as mutations
or amplification of ALK and “bypass
track” activation via mutations in
EGFR and PIK3CA, amplification of
MET and KIT, and IGF1R activation.7 Secondary mutations in the
ALK kinase domain were observed
in about 50 percent of the ALK-rearranged NSCLC cases with resistance
to second-generation ALK TKIs.17 In
a study of 51 ALK-positive NSCLC
patients who had progressive disease
upon treatment with crizotinib, the
most common ALK resistance mutations were L1196M and G1269A, detected in seven percent and four percent of these patients, respectively.
Other mutations identified were
C1156Y (two percent), G1202R (two
percent), I1171T (two percent), S1206Y
(two percent), and E1210K (two percent).18 However, mechanisms of primary resistance to ALK inhibitors are
less well characterized.
Our patient was treated with a
second-generation ALK inhibitor,
alectinib, shortly after her diagnosis
of metastatic EML4-ALK-positive
lung adenocarcinoma. Her tumor
showed no objective response to this
targeted therapy, with radiologic evidence of progression within one
month of therapy initiation. Because
the median overall survival for stage
III/IV ALK-positive NSCLC patients
treated with alectinib is 48.2 months,19
this patient’s rapid deterioration and
death after ALK targeted therapy was
unexpected. In light of the rapid disease progression while on alectinib,

we hypothesized that this patient’s
aggressive clinical course was likely
due to a primary resistance mechanism not characterized in the guideline-focused genomic assays performed at diagnosis.
The cfDNA assay performed at the
time of progression identified highlevel MYC amplification, which was
retrospectively confirmed to be present at diagnosis by IHC and FISH
studies performed on pretreatment
specimens.
Resistance to ALK inhibitors due
to MYC amplification has been reported. Rihawi, et al.,20 reported the

presence of ALK rearrangement together with MYC amplification in a
patient with stage IV NSCLC who
failed to respond to crizotinib and
ceritinib and had rapid disease progression. Based on in vitro studies
using a human EML4-ALK–rearranged NSCLC cell line with MYC
overexpression, these cells showed
reduced sensitivity to crizotinib and
alectinib that was reversed by MYC
inhibitors and CDK4/6 inhibitors.20
Another study by Alidousty, et
al.,21 investigated a possible mechanism for MYC-dependent resistance
to ALK inhibitors in TP53-mutated

Fig. 2. Endobronchial ultrasound-guided fine-needle aspiration of station 10L lymph node. c-Myc 20 ×:
tumor cells show strong nuclear positive for c-Myc (clone Y69 from Abcam) (upper image). FISH using
a dual-color breakapart probe to the MYC locus (Abbott Laboratories) shows amplification of the 5'
(orange, centromeric) portion of the probe; two signals for the green (3' telomeric) probe (lower image).
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ALK-positive NSCLC patients. They
propose that MYC amplification
leads to increased expression of the
EML4-ALK fusion gene by binding
its promoter, causing resistance to
ALK inhibitors.
Our case further supports the notion
that MYC amplification may be pathogenetically linked to primary resistance
in ALK-rearranged NSCLC and is associated with a poorer outcome. MYC
inhibition (either directly or through
CDK4/6 inhibitors) may overcome this
resistance mechanism.12
However, it is worth mentioning
that MYC amplification-related potential primary resistance to EGFR
TKIs was also reported in lung adenocarcinoma patients with EGFRactivating mutations.22
Conclusion. We report a case of
primary resistance to ALK inhibitors
in EML4-ALK-positive lung adenocarcinoma with concomitant MYC
amplification. The few similar cases
reported in the literature have had a
more aggressive clinical course compared with other ALK-rearranged
NSCLC cases. We highlight this case
because it demonstrates the important role of MYC amplification in the
molecular mechanism of primary
resistance to ALK inhibitors; assessment of MYC amplification for such
patients may help guide prognostication and therapy. Patients with ALKrearranged NSCLC and MYC amplification may need other agents
against downstream targets, such as
CDK4/6 inhibitors, to overcome
MYC amplification-associated primary resistance to ALK inhibitors.
However, given the limited number
of cases reported, further study is
needed to make definitive conclusions regarding precision therapy in
this clinical setting.
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Test yourself
Here are three questions taken from the case
report. Answers are online now at www.amp.
org/casereports and will be published next
month in CAP TODAY.
1. Which statement is true about ALK
gene rearrangements in NSCLC?
a. EML4 gene is the most common fusion partner.
b. It is usually associated with poor prognosis.
c. It is the most common molecular aberration in
NSCLC.
d. No FDA-approved targeted therapy is
available.
2. Which of the following is (are)
considered as possible mechanism(s) for
therapeutic resistance to ALK inhibitors?
a. ALK gene amplification.
b. MYC amplification.
c. MET amplification.
d. All of the above.
3. Which of the following has (have)
been approved by the FDA for the
treatment of advanced ALK-positive
NSCLC?
a. Crizotinib.
b. Alectinib.
c. Brigatinib.
d. All of the above.

