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ABSTRACT

ALK-EML4 fusion-positive lung adenocarcinomas (LUADs)
are effectively treated with ALK tyrosine kinase inhibitors,
but most patients eventually develop resistance to these
drugs owing to ALK-dependent or independent mechanisms.
Endothelial to mesenchymal transformation with SCLC
development is an ALK-independent mechanism of resis-
tance that has not been previously reported with sequential
ALK I1171T mutation while the patient is on treatment for
the SCLC. Here, we report the first case of sequential SCLC
transformation followed by ALK I1171T mutation in a pa-
tient with ALK-EML4 fusion-positive LUAD. After progression
on multiple lines of therapy, we describe our experience of
managing ALK-mutant LUAD and transformed SCLC with a
novel combination of lorlatinib and temozolomide. We also
briefly summarize cases of endothelial to mesenchymal
transformation ALK-mutant LUAD from the literature.

Copyright � 2023 by the International Association for the
Study of Lung Cancer. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Keywords: Case report; ALK-EML4; ALK-positive NSCLC;
Small cell transformation; ALK I1171T mutation

Introduction
ALK-EML4 fusion is reported in around 3% to 7% of

patients with non–small cell lung adenocarcinoma
(LUAD).1 Second-generation ALK inhibitors such as
alectinib now represent the standard first-line therapy
for ALK mutant non–small cell LUAD with good re-
sponses. However, most patients will have a progression
of disease owing to acquired resistance.2 This acquired
resistance can be ALK-dependent, such as secondary
ALK mutations or amplifications, or it can be related to
ALK-independent (off-target) pathways, such as EGFR,
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Figure 1. (A) H&E stain and IHC stain on left iliac bone biopsy at diagnosis in January 2019. (B) Evolution of mutations by
cfDNA analysis and timeline of biopsies and treatments from January 2019 to August 2020. (C) PET images at baseline before
initiating alectinib in January 2019 and at 12 weeks after initiating alectinib, exhibiting treatment response. (D) H&E stain
and IHC stain on mediastinal lymph node biopsy at disease progression in December 2019. Amp, amplification; cfDNA, cell-
free DNA; H&E, hematoxylin and eosin; IHC, immunohistochemistry; LUAD, lung adenocarcinoma; PET, positron emission
tomography; RT, radiation therapy.
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KRAS, KIT, MET, and insulin-like growth factor 1 muta-
tions. One ALK-independent resistant pathway is the
histologic transformation of the tumor to SCLC.2 There is
a paucity of data regarding combining the ALK inhibitor
such as lorlatinib with SCLC therapy to prevent on-target
escape of tumor cells. In this report, we describe the
management of sequential histologic transformation of
ALK-positive (ALKþ) LUAD to small cell cancer and ac-
quired ALK I1171T mutation in the non–small cell can-
cer clone with a combination of temozolomide and
lorlatinib. There has been one previous report of ac-
quired ALK G1202R mutation and SCLC transformation
treated with a combination of carboplatin/etoposide and
alectinib. However, that patient had rapid clinical dete-
rioration and died.3 We also summarize the previously
published literature regarding SCLC transformation in
patients with ALK-EML4 fusion-positive LUAD.

Case Presentation
In January 2019, a 58-year-old nonsmoking man

with no relevant past medical history was incidentally
found to have a spiculated right upper lobe mass with
diffuse sclerotic bone lesions on computed tomography
(CT) scans. Endobronchial ultrasound (EBUS) guided
fine needle aspiration of the lymph nodes at stations
4R and 10L revealed adenocarcinoma. The biopsy from
the left iliac bone lesion confirmed metastatic adeno-
carcinoma of the lung (Fig. 1A). A liquid biopsy using
Guardant360 was positive for EML4-ALK fusion with a
variant allele frequency (VAF) of 10.5% and TP53
C135W mutation with VAF of 8.2% (Fig. 1B). Same
mutations were found in the tissue biopsy by EBUS.
No RB1 mutation was identified. The patient was
started on alectinib 600 mg twice daily and received
radiation therapy to the lumbar metastatic lesions.
After 2 months, alectinib was put on hold owing to
concerns of pneumonitis, which resolved with predni-
sone. In May 2019, repeat imaging studies revealed
partial response to treatment per Response Evaluation
Criteria in Solid Tumors criteria (Fig. 1C). Patient was
restarted on alectinib at a lower dose and maintained
at 450 mg twice daily.
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Evolution of cfDNA mutations by liquid biopsy and timeline of treatments (cont’d)

PET imaging before and after initiating combination of lorlatinib and temozolomide
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Figure 2. (A) Continued evolution of mutations by cfDNA analysis and timeline of further biopsies and treatments from
August 2020 to March 2022. (B) PET images at a new baseline before initiating a combination of lorlatinib and temozolomide
in December 2021 and at 12 weeks after exhibiting treatment response. Amp, amplification; cfDNA, cell-free DNA; LUAD, lung
adenocarcinoma; PET, positron emission tomography.
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In December 2019 (11 mo after diagnosis), a
restaging positron emission tomography (PET) scan
revealed a new right perihilar 1.5 cm lymph node. EBUS
fine needle aspiration of the lymph node at station 11R
revealed histologic transformation with the presence of
small cell carcinoma (Fig. 1D). Foundation CDx
confirmed ALK-EML4 fusion and TP53 C135W in the
tumor cells, similar to what was seen from Guardant 360
liquid biopsy at diagnosis. Alectinib was stopped and the
patient was started on treatment for SCLC with cisplatin
plus etoposide for four cycles concurrently with radia-
tion therapy for limited-stage SCLC. Subsequent imaging
after completion of concurrent chemotherapy radiation
therapy revealed stable disease. In March 2020, Guar-
dant 360 liquid biopsy did not exhibit any circulating
cell-free DNA (Fig. 1B).

In May 2020, PET/CT scan discovered a new left
adrenal gland hypermetabolic nodule with biopsy
revealing recurrent metastatic NSCLC. A subsequent
liquid biopsy revealed EML4-ALK fusion with VAF of
8.5% and a new ALK I1171T mutation was also noted
(Fig. 1B). Patient was started on another ALK inhibitor,
lorlatinib. His disease remained stable on serial imag-
ing studies over the next year until June 2021 when a
PET/CT scan revealed an enlarging right upper para-
tracheal lymph node and a new lesion in L3 vertebral
body. Biopsies of the right upper paratracheal lymph
node revealed recurrent SCLC and the new L3 verte-
bral body lesion confirmed metastatic adenocarcinoma
of lung origin, respectively. Lorlatinib was dis-
continued and the patient was started on carboplatin,
etoposide, and atezolizumab. However, after four cy-
cles of treatment, restaging PET revealed the pro-
gression of the disease. The patient was subsequently
started on lurbinectedin in October 2021; however,
restaging scans after two cycles of therapy revealed
progressive supraclavicular and mediastinal lymph-
adenopathy with worsening left adrenal and bone
metastatic disease. A 2-mm focus of enhancement was
also seen in the periventricular white matter suggest-
ing central nervous system metastasis. The patient was
started on temozolomide in December 2021. Given the
progression of both the SCLC and LUAD tumor clones
with high ALK fusion VAF (Fig. 2A), it was decided to
add lorlatinib to temozolomide. Interval CT and PET
scans in March 2022 revealed a substantial response
to therapy with a decrease in the size of lobulated
central RUL mass (Fig. 2B), resolution of right clavic-
ular, mediastinal lymphadenopathy, and remarkably
smaller left adrenal, and left paraaortic nodal metas-
tasis. Brain MRI revealed resolution of punctate peri-
ventricular white matter enhancement. The patient’s
disease remained in good control without remarkable
adverse effects from the combination therapy for 6
months. Unfortunately, the patient recently had cancer
progression when the patient is currently enrolled in a
clinical trial.
Discussion
This is the first case report to describe the sequential

off-target epithelial-to-mesenchymal transition (EMT)
followed by on-target ALK I1171T mutation after ALK-
targeted therapy with alectinib. In the literature, SCLC
transformation has been reported in a total of eight pa-
tients after progression on crizotinib or alectinib. In
Table 1,3–12 we summarize reported cases of SCLC
transformation in ALKþ NSCLC. In our patient, the
rebiopsied SCLC revealed retained ALK rearrangement
confirming true transformation. The tumor and blood
next-generation sequencing confirmed the presence of
p53 mutation with the presence of single-hit RB1 with a
low expression suggesting epigenetic silencing. As pre-
viously described by Ou et al.,3 the presence of either
RB1 or p53 mutation at the time of diagnosis may
indicate a higher risk of EMT. We believe it was a sub-
sequent transformation rather than coexisting upfront
because the initial biopsy did not exhibit a neuroendo-
crine component or RB1 mutation.

After control of SCLC, a repeat liquid biopsy did not
detect the presence of any circulating tumor DNA.
However, shortly thereafter, restaging PET revealed a
new adrenal lesion with a biopsy confirming metastatic
LUAD. Liquid biopsy at that time revealed the develop-
ment of the ALK I1171T-activating mutation, which has
been reported as an on-target resistance mechanism to
crizotinib and alectinib. It is a missense alteration that
occurs in the cytoplasmic kinase domain of the ALK
protein resulting in increased phosphorylation of ALK.13

In eight patients with ALK I1171T mutation who were
treated with subsequent ALK inhibitors (brigatinib, lor-
latinib, ceritinib), the objective response rate was 75%,
the median duration of response was 4.2 months, and
the median progression-free survival was 5.5 months.14

Because of the sensitivity of this mutation to lorlatinib,
our patient responded well with radiologic response to
treatment and clearance of ALK I1171T-resistant cells on
liquid biopsy. However, a year later, the patient had
progression of the SCLC clone requiring treatment with
systemic chemotherapy with immunotherapy, and lor-
latinib therapy had to be put on hold. The patient then
had biopsy-proven progression of both the NSCLC and
SCLC clones. Given the aggressive nature of patients with
SCLC, he was treated with SCLC systemic therapy regi-
mens, carboplatin, etoposide, and atezolizumab, and then
lurbinectedin after progression without any response or
disease control. As a last-ditch effort, the patient was
started on temozolomide, especially given the concern
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for central nervous system metastatic disease. Guided by
liquid biopsy (Fig. 2A), we decided to add lorlatinib to
control the progressive LUAD. The patient has not only
been able to tolerate this combination therapy without
any adverse effects, but his 3-month interval scans also
revealed a near-complete response on imaging. This case
highlights the dilemma of needing to continue the TKI
with the SCLC regimen to prevent the on-target escape of
tumor cells, underscoring the need for studies looking at
the safety of combining TKIs with SCLC regimens. Our
case can serve as a possible proof of concept of
combining these therapies to induce durable responses.
Larger studies are needed to vigorously study the safety
and efficacy of this combination.

Conclusion
In summary, our case highlights the importance of

repeating biopsy to rule out EMT in patients with ALKþ
LUAD as this can completely change the treatment
course. We also described the safety and efficacy of
combining lorlatinib with temozolomide to control LUAD
and EMT-acquired SCLC, respectively, providing proof of
concept for future studies.
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