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Case Report

A case report of exceptional clinical response to
chemoradiotherapy and tyrosine kinase inhibitors in a patient with
EML4-ALK fusion variant 1 non-small cell lung cancer
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Abstract: Echinoderm microtubule-associated protein-like 4 (EML4)-anaplastic lymphoma kinase (ALK)
fusion occurs in approximately 5% of non-small cell lung cancer (NSCLC) cases. Variants 1 and 3a/b are
the most common EML4-ALK variants. Emerging evidence indicates that patients with variant 1 and those
with variant 3a/b exhibit differential therapeutic responses. However, the National Comprehensive Cancer
Network guidelines have not included the EML4-ALK fusion subtype in treatment decision-making to date.
Herein, we report the case of a non-smoking 36-year-old female patient who was diagnosed with right lung
adenocarcinoma in 2005 (cT1N3MO, IIIB) and received definitive chemoradiotherapy. The patient achieved
a partial response, and her disease remained under control for 8 years. However, in May 2013, the patient
was diagnosed with brain metastasis and underwent subsequent surgical resection, followed by postoperative
brain radiotherapy and chemotherapy. Postoperative pathology confirmed ALK gene rearrangement,
and next-generation sequencing performed in 2020 identified the EML4-ALK variant as variant 1. After
progression-free survival lasting 4 years, new metastatic lesions were found in the patient’s right lung, and
she was administered crizotinib for 20 months. Due to a suspicious recurrence in the intracranial surgical
margin area, as well as an unbearable gastrointestinal reaction to crizotinib, alectinib was later adopted. At
the 7-month follow-up, positron emission tomography/computed tomography revealed a clinical complete
response. This case of an NSCLC patient with EML4-ALK fusion variant 1 who exhibited an exceptional
response to chemoradiotherapy and ALK inhibitors might broaden horizons in efforts to reveal the
molecular mechanism of radiosensitivity in ALK-positive NSCLC and provide reference for further research

regarding the optimal radiotherapy delivery dose and tyrosine kinase inhibitor selection.
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Introduction lymphoma kinase (ALK) gene rearrangements occur in 3-7%

. . of NSCLC. ALK rearrangements are more common in
Lung cancer is the leading cause of cancer-related death

globally, and non-small cell lung cancer (NSCLC) accounts younger patients with a history of never or light smoking

for more than 80% of lung cancer cases (1). Approximately
65% of NSCLC cases are initially diagnosed as locally
advanced (stage I1IB) or advanced (stage IV) (2). Anaplastic
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(3,4), and are associated with a high incidence of brain
metastases (BM) (5). Specific molecular alterations

contribute to tumor heterogeneity in locally advanced or
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Figure 1 Diagnosis and treatment procedure.

advanced NSCLC, which results in variation in treatment
efficacy. Herein, we present the case of a patient with
ALK-positive variant 1 NSCLC who exhibited a favorable
response to treatment with chemoradiotherapy and ALK
inhibitors, indicating the inherent therapeutic sensitivity
of this specific subtype of lung cancer. We present the
following article in accordance with the CARE reporting
checklist (available at http://dx.doi.org/10.21037/tlcr-20-
1212).

Case presentation

A non-smoking 36-year-old female patient was diagnosed
with lung cancer originating in the middle and lower
lobes of the right lung in January 2005. The patient was
staged as cTIN3MO (overall stage IIIB) according to 6th
Edition of American Joint Committee on Cancer (AJCC)
TNM Staging System (2002), which was routinely applied
in tumor staging at that time (Figure I). Pathological
examination of the right-sided supraclavicular nodes by
percutaneous needle biopsy revealed a poorly differentiated
adenocarcinoma. Subsequently, the patient underwent
sequential definitive chemoradiotherapy. Chemotherapy
was administered every 3 weeks for 5 cycles using
vinorelbine (25 mg/m’, days 1 and 8) with cisplatin
(30 mg/m’, days 1-3). A linear accelerator with 6 MV
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photons was used to deliver a total dose of 6527 cGy
[actual mean dose of planning target volume (PTV)] in 31
fractions, with a conventional fractional dose of 2 Gy a day
and 5 days a week, to a prescribed isodose of 95%, utilizing
a seven-field intensity-modulated radiation therapy IMRT)
technique. The gross tumor volume (GTV) was defined as
the primary tumor lesion plus the involved lymph nodes
(IR, 2R, 4R). The clinical target volume (CTV) was defined
as the GTV plus the mediastinal lymphatic drainage area.
The PTV was defined as the CTV plus a 1-cm expansion
(Figure 2A4). The dose-volume histogram (DVH) showed
that doses for organs at risk (OARs) were acceptable
(Figure 2B). After completing chemoradiotherapy, the
patient was observed to have achieved a partial response,
and her disease remained under control for 8 years, during
which time she was regularly followed up (Figure I).

In May 2013, the patient began to experience headache
and a decrease in grip strength of the right upper limb.
Positron emission tomography/computed tomography
(PET/CT) was performed and revealed a metastatic
lesion, measuring 3.7x2.9 cm, in the left frontal/parietal
lobe with a maximum standardized uptake value (SUV,,,.)
of 12.6 (Figure I). She underwent surgical resection,
and postoperative pathology confirmed metastatic
lung adenocarcinoma (Figure 2C). Fluorescence in situ
hybridization (FISH) detected ALK gene rearrangement,
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Figure 2 Thoracic and intracranial radiotherapy plans. (A) Contouring of lesions and isodose curves in thoracic radiotherapy. (B) Dose-

volume histogram (DVH) of the thoracic radiotherapy plan. (C) Hematoxylin and eosin (HE) staining of a surgically removed intracranial

lesion, original magnification x100. (D) Postoperative radiotherapy plan for brain metastasis. (E) DVH of the intracranial radiotherapy plan.

© Translational Lung Cancer Research. All rights reserved.

Transl Lung Cancer Res 2020;9(6):2500-2507 | http://dx.doi.org/10.21037/tler-20-1212



Translational Lung Cancer Research, Vol 9, No 6 December 2020

2503

Figure 3 Pathologic findings of a thoracic metastatic biopsy lesion. (A) HE staining, original magnification x200. (B) ALK rearrangement

detected by immunohistochemistry (IHC), original magnification x200. (C) Cell keratin 7 (CK7) expression detected by IHC, original

magnification x200. (D) Expression of thyroid transcription factor (T'TF)-1 by IHC, original magnification x200.

while exon sequencing revealed no epidermal growth
factor receptor mutation. The ALK variant was identified
by FoundationOne next-generation sequencing (NGS)
assays as variant 1 (V1) in post-hoc analysis (2020).
Postoperative brain radiotherapy and chemotherapy was
delivered in consideration of intracranial oligometastasis
in this patient. For the radiotherapy, the GTV was defined
as the tumor bed, the CTV was defined as the tumor
bed plus the surrounding edema area, and the PTV was
defined as the CTV plus a 1-cm expansion. A dose of
50 Gy was administered in 25 fractions (Figure 2D,E) and
was accompanied by 4 cycles of pemetrexed (500 mg/m’,
day 1) combined with cisplatin (75 mg/m’, days 1-3) every
3 weeks. After treatment, a marked improvement was
observed in the patient’s primary intracranial symptoms,
which was supported by no obvious recurrence or metastasis
in brain magnetic resonance (MR) at regular follow-up
examinations. However, 4 years later, in August 2017, the
patient experienced anhelation and progressive emaciation,
and PET/CT discovered new metastatic lesions in the right
lung and right pleura, although no significant intracranial
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recurrence or metastasis was observed. CT-guided
needle aspiration of the right pleural lesion confirmed
metastatic lung adenocarcinoma (Figures 1,3). One cycle of
chemotherapy of pemetrexed (500 mg/m’, d1) combined
with carboplatin (AUC =5, day 1) was delivered, and the
patient achieved a partial response.

From March 2018, the patient was prescribed crizotinib,
starting with the standard dose of 250 mg bid. However,
in response to this treatment, she developed unbearable
stomachache and gastric distention accompanied by
fatigue, resulting in a dose reduction to 250 mg qd. During
treatment with crizotinib, the patient’s thoracic disease
remained stable, except for a suspicious recurrence in the
surgical margin area at the 15-month follow-up (Figure I).
Intracranial disease progression was detected by magnetic
resonance imaging at another hospital 5 months later, and
considering the patient’s persistent gastrointestinal side
effects, the administration of crizotinib was discontinued.
Since November 2019, the patient has been receiving the
second-generation tyrosine kinase inhibitor (TKI) alectinib
at dose of 600 mg bid. No adverse events of grade 3 or
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above have occurred so far. It is worth noting that the
strengthening signal of the potential intracranial recurrent
lesion was weakened after 1 month of treatment with
alectinib and has remained stable since then. At the latest
follow-up in July, 2020, PET/CT revealed no abnormal
hypermetabolic region, indicating a clinical complete
response (Figure 1).

Written informed consent was obtained from the patient
for publication of this study and any accompanying images.
All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013).

Discussion

Radical chemoradiotherapy has long been the cornerstone
treatment for unresectable stage III NSCLC (6,7), with
>60 Gy thoracic radiotherapy (8) and two to four cycles
of cisplatin-based chemotherapy as the recommended
regimen (9,10). The latest National Comprehensive Cancer
Network (NCCN) guidelines recommend durvalumab
as consolidation therapy only for patients with no
disease progression after two or more cycles of definitive
chemoradiotherapy (11). However, the general therapeutic
effect for unresectable stage III NSCLC patients who
receive chemoradiotherapy is unsatisfactory, with median
overall survival (OS) of less than 30 months, median
progression-free survival (PFS) of less than 12 months,
and a 5-year overall survival rate of less than 30% (6-10).
In the case described above, a patient, who was initially
diagnosed as stage IIIB in 2005 and achieved PFS lasting
8 years, benefitted immensely from treatment with definitive
chemoradiotherapy, achieving an exceptional therapeutic
response. For patients who develop symptomatic
intracranial oligometastasis during follow-up, especially
those with a large tumor burden, surgical resection followed
by stereotactic radiosurgery or whole-brain radiotherapy
is deemed an appropriate option by the NCCN
guidelines (11). Combined data from the PROFILE 1005
and 1007 trials indicated that brain radiotherapy before
crizotinib could prolong the intracranial time to progression
from 7.0 to 13.2 months (12). Mak ez /. (13) found that
the receipt of targeted therapy after cranial irradiation was
strongly connected with improved survival. Ni ez al. (14)
reported that upfront brain radiotherapy followed by
crizotinib provided considerable clinical benefits for
patients with baseline oligometastatic intracranial lesions.

© Translational Lung Cancer Research. All rights reserved.

The treatment strategy for our patient after her diagnosis
of intracranial oligometastasis was consistent with those in
other studies and achieved moderately better PFS than that
previously reported (12).

Specific oncogenic driver alterations may explain the
favorable radiotherapeutic response in this case. The most
frequent ALK gene translocation partner is echinoderm
microtubule-associated protein-like 4 (EML4) (15). Among
all variants, the most common are V1 (EML4 exon 13
fused to ALK exon 20, E13;A20) and V3a/b (EML4 exon
6a/b fused to ALK exon 20, E6a/b;A20) (15). Current
evidence focusing on radiotherapeutic response in ALK-
positive patients is mainly based on cranial radiotherapy in
patients with BM. Johung ez /. (15) and Arrieta et al. (16)
demonstrated that in NSCLC patients with BM, those
harboring EGFR mutations and ALK rearrangements
have superior radiotherapeutic control rates compared to
those with KARS mutations and wild-type (WT) NSCLC.
Arrieta et al. also reported that ALK-positive NSCLC
patients had longer intracranial PFS than those with WT
NSCLC (18.4 vs. 8.7 months), which was comparable to
that of patients with EGFR mutation (18.2 months) (16).
Mak et al. (13) found that after adjustment for receipt of
systemic therapy (TKI and chemotherapy) and baseline
characteristics (including number of BM and presence of
extracranial metastases) in patients with BM, those with
ALK rearrangements displayed improved survival compared
to those with mutations in EGFR or KRAS, or a WT
genetic profile. The observations reported in our case are
in line with those of previous studies demonstrating the
promising response of ALK-positive NSCLC patients to
intracranial radiotherapy in terms of long PFS (4 years
in this case). To our knowledge, this is the first report
of a case of EML4-ALK V1 NSCLC demonstrating an
excellent response to primary thoracic radiotherapy, which
was reflected in prolonged PFS of 8 years after definitive
thoracic chemoradiotherapy. Of note, previous studies on
the impact of ALK rearrangements on radiotherapeutic
response were mostly based on small patient cohorts, and
differential radiosensitivity among ALK variant subtypes
has rarely been investigated. Currently, genetic profiles
are not taken into consideration in radiotherapy-related
decision-making (11,17). This case, in which a patient
with EML4-ALK fusion V1 exhibited a favorable response
to radiotherapy, could potentially serve as a reference for
future dose optimization research for such patients.

Crizotinib is a first-generation TKI that targets ALK
gene rearrangements and presents significant benefits in
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regard to survival and intracranial disease control (3,18).
The brain remains the most common site of progression
in patients with or without BM at initial diagnosis(12).
In this case, the patient also experienced suspicious
intracranial progression after 15 months of treatment with
crizotinib. Alectinib, a second-generation ALK inhibitor
that has demonstrated effective central nervous system
(CNS) penetration, was notably reported to delay CNS
progression versus crizotinib, irrespective of prior CNS
disease or brain radiotherapy (19). Mok et 4l. observed the
OS benefit of alectinib in patients with [HR 0.58 (95% CI,
0.34-1.00)] and without [HR 0.76 (95% CI, 0.45-1.26)]
baseline CNS metastases (20). Of note, alectinib is now
recommended as the preferred first-line strategy (11) for
patients with ALK-positive advanced NSCLC, based on its
outstanding performance in the ALEX study, in which it
achieved a median PFS of 34.8 months in untreated ALK-
positive patients with advanced NSCLC (20). Moreover,
the incidence of adverse events, including gastrointestinal
adverse events, was reported to be markedly lower with
alectinib than with crizotinib (21,22). In the case of our
patient, alectinib considerably relieved severe gastrointestinal
side effects associated with crizotinib, and complete
response was obtained after 7 months of alectinib treatment.
Nonetheless, second-generation TKIs are associated with
a higher incidence of developing resistant mutations than
first-generation TKIs (23), which diminishes therapeutic
options after the failure of second-generation TKI therapy.
Hence, investigation of genetic alteration subtypes is critical
to deepening our understanding of therapeutic efficacy and
improving alternative treatment options.

Patients with V1 have been reported to achieve longer
PFES in response to crizotinib than non-V1 patients (24),
while non-V3 patients display a longer PFS than those with
V3 (25). The patient in the case described above obtained
a PFS of at least 15 months after first-line treatment with
crizotinib, even with a dose reduction due to side events. This
PFS is superior to the average median PFS of 10.9 months
(3,26), and is consistent with the results of a previous
study in which patients with V1 achieved better efficacy of
crizotinib than non-V1 (24). Lin ez al. (23) reported that
patients with V3 were more likely to harbor resistance
mutations than those with V1 (57% vs. 30%, P=0.023). In
particular, they found that those with V3 were more prone
than those with V1 to develop G1202R mutation (32% us.
0%, P<0.001), which is more common in patients resistant
to second-generation TKIs and only showed a response
to the third-generation TKI lorlatinib (27). It has been
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indicated that among patients receiving second-generation
ALK inhibitors after crizotinib, those with V1 have a longer
PFS than those with V3, which to some degree explains the
excellent performance of alectinib in the case of our patient.
However, with the administration of lorlatinib after first-
and second-generation TKI therapy, patients with V3 tended
to outperform those with V1 in terms of PFS (23). Although
prospective phase III data from the ALEX study (26)
did not show a significant difference in therapeutic efficacy
between V1 and V3a/b with crizotinib or alectinib in the
first-line setting, there is still potential to incorporate
ALK variants into efficacy prediction and TKI treatment
decision-making. To the best of our knowledge, the ALK
rearrangement subtype of V1 may have contributed to the
favorable response to TKIs in this case, leaving next-step
treatment alternatives to be discussed when this patient
eventually acquires resistance to alectinib.

Conclusions

Here, we have presented the case of a NSCLC patient with
EML4-ALK fusion V1 who exhibited a favorable response
to chemoradiotherapy as well as ALK inhibitors. Variant
subtypes of EML4-ALK may be potential research targets
for further studies regarding differentiated responses to
radiotherapy in such patients, leaving deepened mechanism
researches to be conducted in the future. Up to now, the
NCCN guidelines have not included the EML4-ALK fusion
subtype into treatment decision-making, neither in relation
to radiotherapy nor TKIs (11). This case might broaden
horizons in uncovering the differentiated radiosensitivity
of NSCLC with different EML4-ALK variants, paving
the way for further retrospective and prospective studies
regarding optimized radiotherapy delivery dose and TKI
selection in the future.
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