OncoTargets and Therapy

Dove

CASE REPORT

Efficacy and Drug Resistance Analysis of ALK
Inhibitors in Combination with Stereotactic Body

Radiation Therapy for Treating Lung Squamous
Carcinoma Patient Harboring EML4-ALK

Rearrangement

Long Liang'
Mian Mao?

Lei Wu'

Taiyu Chen?
Jiahua Lyu'
Qifeng Wang '
Tao Li'

'Department of Radiation Oncology,
Sichuan Cancer Hospital and Institution,
Sichuan Cancer Center, School of
Medicine, University of Electronic Science
and Technology of China, Radiation
Oncology Key Laboratory of Sichuan
Province, Chengdu, People’s Republic of
China; 2Department of Pharmacy,
Sichuan Cancer Hospital & Institute,
Sichuan Cancer Centre, School of
Medicine, University of Electronic Science
and Technology of China, Chengdu,
People’s Republic of China; 3Clinical
Medical College of Chengdu Medical
College, Chengdu, 610500, People’s
Republic of China

Correspondence: Tao Li

Department of Radiation Oncology,
Sichuan Cancer Hospital Institution,
Sichuan Cancer Center, School of
Medicine, University of Electronic Science
and Technology of China, No. 55, 4th
Section of Renmin South Road, Chengdu,
People’s Republic of China

Email litaoxmf@126.com

Abstract: EML4-ALK rearrangement is common in lung adenocarcinoma. The ALK inhibitors
remarkably inhibit lung adenocarcinoma and reveal long-term beneficial effects in several
patients. Advanced genetic testing technology reveals that EML4-ALK rearrangement has
been observed in patients with lung squamous cell carcinoma. In the present study, we report
a case of a 53-year-old patient with EML4-ALK rearranged in lung squamous carcinoma; PET/
CT scan revealed brain and multiple bone metastases. First-line ALK-TKI combined with local
stereotactic body radiation therapy indicated progression-free survival of 9 months. After
progressive disease, treatment was switched to lorlatinib, with little efficacy and a total overall
survival of 11 months. The emergence of drug resistance revealed that the genetic test result was
EMLA4-ALK fusion (V3a/b variants), indicating a poor prognosis. In this study, we analyzed the
treatment efficacy of ALK inhibitors and provided a research basis for the treatment of EML4-
ALK rearranged in lung squamous cell carcinoma patients.
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Introduction

The fusion between echinoderm microtubule-associated protein-like 4 (EML4) and
anaplastic lymphoma kinase (ALK) has recently been identified in a subset of non-
small-cell lung cancers (NSCLC). EML4-ALK rearrangement rate in NSCLC patients is
approximately 3-7%' and is majorly observed in lung adenocarcinoma. Moreover, the
application of ALK-tyrosine kinase inhibitor (TKI)-targeted drug conversion therapy
reveals a chance of long-term survival in patients with advanced EML4-ALK-mutated
NSCLC that cannot be operated; however, some patients cannot be cured.” Furthermore,
the detection rate of EML4-ALK rearrangement mutations in patients with lung squa-
mous carcinoma is approximately 1% with the clinical application of next-generation
sequencing (NGS). Thomas Huang has reported a case of lung squamous cell carcinoma
patient with a heavy smoking history who benefited from ALK inhibitors, wherein
particularly brain metastases achieved complete response (CR).> The present study
reports a case of EML4-ALK rearranged lung squamous cell carcinoma who was treated
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with second- and third-generation ALK-TKI combined with
stereotactic body radiation therapy (SBRT) revealing remark-
able clinical benefit.

Case Report

A 53-year-old Chinese male patient presented with 10 years
smoking history (5 cigarettes per day) and had quit smoking
for 10 years. In April 2020, the patient presented persistent
pain in the right thigh and buttocks. A whole-body positron
emission tomography (PET/CT) scan indicated the left lower
lobe lesion, with multiple scattered nodules in both lungs.
Hilar and mediastinum on both sides revealed numerous
enlarged lymph nodes and increased fluorodeoxyglucose
metabolism. Multiple osteolytic destruction occurred in the
fifth rib axillary on the right, sixth thoracic vertebra, fifth
lumbar vertebra, and the right transverse process and the
right flank of the vertebral roots, sacral 1 and 2 vertebrae.
The brain magnetic resonance imaging revealed enhanced
nodules in the right hippocampus. The biopsy of the lower
trachea was taken for pathological analyses and demon-
strated squamous cell carcinoma. Immunohistochemistry
(IHC) revealed that CK7, CK5/6, P63, and P40 were positive
(Figure 1), whereas TTF-1 and NapsinA were negative. Real-
time polymerase chain reaction results indicated EML4-ALK
/KIF5B fusion mutation (mutation Ct value 17.38).

The patient was administered alectinib orally from
June 2020; meanwhile, he received palliative SBRT local
radiotherapy 30Gy/6f for lumbar spine, sacral, and surround-
ing soft tissue metastases; 50Gy/10f for brain metastases;
and 36Gy/6f for right fifth rib metastases. The efficacy was

assessed via part response (PR) through CT scan. In
March 2021, imaging evaluation revealed CR in the intra-
cranial metastases and both lung lesions (Figures 2 and 3);
however, the mediastinal and cervical lymph nodes were
larger than before, and new metastases appeared in the first
lumbar vertebra. The disease was evaluated as progressive
disease (PD), and PFS was obtained after receiving alectinib
treatment for 9 months. In April 2021 post-progression, the
next-generation sequencing (NGS) was performed on the
formalin-fixed paraffin-embedded (FFPE) sample analysis
with a YuanSu'~ panel. NGS genetic testing reported an
EMLA4-ALK fusion (V3a/b variants). Thereafter, the patient
was subjected to the third-generation ALK inhibitor lorlati-
nib. In May 2021, CT scan indicated mediastinal lymph
node continued progression, with an OS of 11 months.
During the treatment, patients experienced adverse reactions
such as edema and muscle soreness; however, no adverse
reactions were greater than grade 3.

Discussion

The ALK fusion events account for approximately 3—7%
genetic alterations in NSCLC patients. EML4 is the most
common ALK fusion partner, accounting for 90-95% of
ALK rearrangements. EML4-ALK is divided into multiple
subtypes; among these, V1 (E13; A20) and V3 (E6; A20)
account for the highest proportion (both at ~32%), whereas
other EML4-ALK fusion subtypes are relatively rare
(<10%).* In addition to EMLA4, variation in the rare ALK
fusion partners such as KIF5B, TFG, KLC1, SOCSS,
HIP1, TPR, and BIRC6 may be related to tumor

Figure | Pulmonary tumor squamous cell histology analysis. (A) P40 immuno- histochemistry stain, 20%; (B) P63 immunohistochemistry stain, 20X magnification

demonstrating squamous differentiation.
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Presentation

6 months later

9 months later

Figure 2 Brain MRI with contrast demonstrating one brain metastatic lesion (red arrows), (A) is at diagnosis, (B) following 6 months of alectinib treatment, and (C)

following 9 months of alectinib.

Presentation

3 months later

9 months later

Figure 3 Chest computed tomography scans demonstrating numerous metastatic (red arrows), (A-C) at diagnosis, (D-F) following 3 months of alectinib treatment, and

(G-1) following 9 months of alectinib.

progression and treatment.” Moreover, differences were
observed in the resistance mutations produced by various
fusion subtypes or different treatment schemes.® Alex
reported that alectinib revealed promising efficacy with
a median PFS as high as 34.8 months when it was used
as first-line therapy in patients with advanced ALK-
positive NSCLC.” In 2018, the National Comprehensive
Cancer Network (NCCN) recommended alectinib as
a first-line treatment for ALK-positive NSCLC patients.®
Furthermore, lorlatinib, a third-generation ALK inhibitor,

is a novel, reversible, and potent small-molecule ATP
inhibitor of ALK and ROSI. It exhibited remarkable inhi-
bitory effect on all known drug-resistant mutations of
ALK and revealed high disease control rates in patients
who previously underwent ALK inhibitor treatment,
regardless of whether they received chemotherapy.’

In the present case study, the patient was diagnosed to
suffer from advanced lung squamous cell cancer with EML4-
ALK/KIF5B fusion mutation, which was rare in patients with
lung squamous cell cancer. Only few case reports of ALK-
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TKI-targeted therapy are available in patients with advanced
lung squamous cell carcinoma,'®'® with a median PFS of 7.1
months. In this study, the patient received first-line oral
alectinib treatment combined with SBRT specific for bone
and cranial metastases and achieved a PFS of 9 months. Zeng
Min reported that the application of EGFR-TKI combined
with SBRT in treating oligometastatic advanced NSCLC
markedly prolonged PFS and OS.'” This may explain the
prolonged PFS in this patient; however, the change in treat-
ment to lorlatinib after emergence of drug resistance was
almost ineffective, and the disease progressed further.

NSCLC patients with EML4-ALK rearrangements exhib-
ited differential sensitivity and duration of targeted drugs.
Presently, more than 17 EML4-ALK fusion variants have
been identified,'® the most common being 1, 2, and 3a/b,
which account for 90% of the total fusion variants.'® Based
on the study of the molecular morphology of EML4-ALK, the
focus of the current research has shifted to the correlation
between EML4-ALK anomaly and response and whether
specific fusion abnormalities will further affect the cancer
spread, prognosis, and efficacy of ALK-targeted therapy.”’
Previous studies demonstrated that V3a/b variants were less
sensitive to tyrosine kinase inhibitors compared to V1 and V2
variants;?! moreover, patients with EML4-ALK V3a/b and
V5a variants revealed significantly shorter PFS than those
with V1 and V2 variants.** The detection of EML4-ALK V3
variants in this patient during subsequent dynamic genetic
testing may be associated with a poor prognosis. At present,
the role of EML4-ALK variants has not been fully elucidated.
In the future, further research on the differences of EML4-
ALK variants will help to develop new NSCLC treatment
strategies for ALK mutation targeted therapy and improve
the prognosis and survival of NSCLC treatment.

In summary, first-line ALK inhibitors are used in combi-
nation with SBRT to treat lung squamous carcinoma patient
harboring EML4-ALK rearrangement, which has a longer
PFS than only ALK-TKI. The EML4-ALK V3 variant was
associated with a poor prognosis, despite undergoing treat-
ment with the third-generation ALK-TKI lorlatinib.
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