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Abstract: Anaplastic lymphoma kinase (4LK) rearrangement is extremely rare in lung
squamous cell carcinoma (LSCC), and it remains controversial as to whether LSCC
patients with ALK rearrangement can benefit from ALK tyrosine kinase inhibitors
(TKIs). Here, we report an LSCC patient with ALK rearrangement who was treated
with sequential ALK TKI therapies and experienced a clinical benefit of 35 months.
Although the use of ALK TKIs showed clinical benefits,
sequencing (NGS) for dynamic monitoring of circulating tumor DNA (ctDNA) from

targeted next-generation

patient plasma revealed the accumulation of ALK resistance mutations, which could
provide valuable information in designing the treatment strategy. Our study highlights
the importance of dynamic monitoring of ctDNA using NGS to discover tumor evolution
to guide treatment decision-making and provides meaningful insights into the potential
treatment options for ALK-positive LSCC patients.

Keywords: ALK rearrangement, dynamic monitoring, resistance mutation, next-generation
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Introduction

Non-small cell lung carcinoma (NSCLC) is the main type of lung cancer, among
which the most common histological subtypes are lung adenocarcinoma (LADC)
and lung squamous cell carcinoma (LSCC).! With the development of targeted
therapy and next-generation sequencing (NGS) technology, the therapeutic strate-
gies for lung cancer have evolved into targeted precision medicine.

Tumor cells release circulating free DNA (cfDNA) into the blood. A liquid
biopsy or blood sample can provide comprehensive genetic information of all
cancerous lesions (primary and metastases), which overcomes spatial and temporal
heterogeneity of a single tissue biopsy, as well as facilitates dynamic tracking of
genomic evolution in a minimally invasive manner.

In LADC, anaplastic lymphoma kinase (4LK) rearrangement has been one of the
most common targetable alterations, occurring in approximately 5% of LADC patients.’
In contrast to LADC, ALK-rearranged LSCC is rare with an estimated frequency at 0—
1.36%.
for use in ALK-positive NSCLC patients. Despite a high initial efficacy, almost all

Crizotinib is a first-generation ALK tyrosine kinase inhibitor (TKI) approved

treated patients eventually develop resistance to crizotinib, including secondary
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mutations in ALK, and experience disease progression.
However, the second-generation ALK TKIs ceritinib, alecti-
nib and brigatinib, are effective against the acquired resistance
mutations of crizotinib.*® Additionally, third-generation
ALK TKIs, including lorlatinib, entrectinib, and ensartinib,
also overcome resistance to first- and second-generation ALK
inhibitors and exhibit marked efficacy against brain
metastasis.”® Although ALK-targeted therapy has demon-
strated clear clinical utility for NSCLC patients with ALK
gene fusions, it remains controversial as to whether 4LK-
rearranged LSCC patients could benefit from ALK TKIs.”
Herein, we report a LSCC patient with ALK rearrangement
who was treated with sequential therapies of ALK TKIs. The
patient exhibited a clinical benefit of 35 months and showed
stable disease on immunotherapy plus chemotherapy after
experiencing failure from multiline treatments.

Case Report

A 46-year-old male with no smoking history was diagnosed
with stage IVB LSCC (cT2bN2Mlc) with three brain
metastases in May 2017 (Supplementary Figure 1).

A computed tomography (CT) scan and magnetic resonance

imaging (MRI) indicated a 4x5 cm dense mass in the right
lung and metastatic lesions in the brain, respectively
(Figure 1B, Baseline). Immunohistochemistry (IHC) stain-
ing of a tumor biopsy was positive for the LSCC markers
P40, P63, and cytokeratin (CK) 5/6, but negative for the
LADC markers thyroid transcription factor-1 (TTF-1),
CK7, and Napsin-A. An EML4-ALK fusion was identified
by amplification refractory mutation system-polymerase
chain reaction (ARMS-PCR) using an AmoyDx EML4-
ALK Fusion Gene Detection Kit. The patient was initially
treated with crizotinib (250 mg once daily) and whole-brain
radiotherapy (30Gy/10F) to relieve the symptom of dizzi-
ness. After an initial partial response (PR) was achieved
IB, Crizotinib PR), the patient exhibited
a progression-free (PFS) of 17 months
(Figure 1A). In October 2018, the size of the brain lesions
increased and a new lung lesion was observed (Figure 1B,

(Figure
survival

Crizotinib PD), thus, indicating progressive disease (PD).
Subsequently, cell-free DNA extracted from 4 mL of
plasma was subjected to library construction, followed by
capture-based targeted NGS using a panel of 139 cancer-
related genes spanning 110 KB of the human genome. NGS

A Paclitaxel albumin-bound
+
Carboplatin Gemcitabine
+ +
Radiotherapy Lorlatinib Endostar Cisplatin
+ + + +
Crizotinib Brigatinib Lorlatinib Crizotinib Alectinib Pembrolizumab
17 mo. 11 mo. 7 mo. 2 mo. 2 mo. 2 mo.
May 2017 PD PD PD PD PD SD
ALK rearranged
LScC
B
Baseline Crizotinib PR Crizotinib PD  Brigatinib CR & PR Brigatinib PD Lorlatinib SD Lorlatinib PD

Figure | Medication strategy and disease conditions of the patient during treatment. (A) An illustrated summary of the treatment received by the patient. (B) Thoracic CT
images of primary lung lesions and MRI images of brain metastatic lesions during sequential ALK-TKI treatment. Tumors are indicated by red frames.
Abbreviations: LSCC, lung squamous cell carcinoma; mo., months; CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease.
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revealed an EML4-ALK fusion (E6:A20) with a mutation
allelic frequency (MAF) of 0.1% in the patient’s plasma
ctDNA (Table 1). The patient was then switched from
crizotinib to brigatinib at a dose of 90 mg in the first
week and 180 mg thereafter. The patient achieved
a complete response (CR) for the lung lesion and a PR for
the brain lesions (Figure 1B, Brigatinib CR & PR). In
September 2019, the disease progressed again with a PFS
of 11 months (Figure 1A). NGS of the patient’s plasma
using a panel of 139 cancer-related genes revealed a new
ALK G1202R (MAF = 0.2%) mutation, in addition to the
EML4-ALK fusion (MAF = 0.1%) (Table 1). A third-line
treatment with loratinib was administered at a dose of
100 mg and achieved a PFS of 7 months (Figure 1A).
Loratinib (100 mg QD) and crizotinib (250 mg QD) were
then taken by the patient himself at the same time.
However, within 2 months of initiating this therapy, addi-
tional symptoms developed, indicating PD (Figure 1A).
Follow-up genomic testing with 139 cancer-related genes
identified only the EML4-ALK fusion (MAF = 0.1%), while
the ALK G1202R mutation was absent from plasma samples
(Table 1). The patient was then administered a treatment of
alectinib (600 mg twice daily) and chemotherapy consisting
of albumin-bound paclitaxel (400 mg d1) and carboplatin
(500 mg dl). Endostar, a modified recombinant human
endostatin that suppresses angiogenesis, was also adminis-
tered at a dose of 30 mg. After 2 months of treatment
(Figure 1A), the disease progressed and in addition to the
EML4-ALK (MAF = 0.1%) and ALK G1202R (MAF =
0.1%) mutations in the plasma, new mutations were again
identified by NGS targeting 139 cancer-related genes,
including ALK DI1203N (MAF = 0.3%), SMARCA4
R1243W (MAF = 0.3%), and TP53 P152L (MAF =
0.3%) (Table 1).

In July 2020, although PD-L1 expression was negative,
the therapy was switched to an immunochemotherapy
regimen consisting of gemcitabine (1.8 g dl and d8),
cisplatin (40 mg d1-3), and pembrolizumab (100 mg).
Following this treatment, the patient achieved SD with
a sustained and ongoing
(Figure 1A).

response for 2 months

Discussion

ALK rearrangement occurs in ~5% of LADC patients, but
in only ~1% of LSCC patients."
unknown whether LSCC patients with ALK rearrange-

Thus, it remains

ments would benefit from ALK TKI therapy. In the present
case, the patient was diagnosed with LSCC with an ALK
fusion. Sequential administration of ALK TKIs (crizotinib,
brigatinib, and lorlatinib) was performed and provided
a clinical benefit of 35 months. However, such treatment
may also have accelerated the accumulation of ALK-
resistance mutations, which was also reported in
a previous study.'" Among the ALK-resistance mutations
in NSCLC reported by other studies, including G1269R,
F1174L, EI1210K, L1196M, GI1202R, DI1203N and
FI17I1T,""" we identified the G1202R and DI203N
mutations in this case using dynamic NGS monitoring.
No resistance mutations were detected following crizotinib
failure, which could be due to the MAF being below the
detection limit of our assay (0.05% with sequencing depth
at 30,000 x). Additionally, the patient’s tumor sample,
which might have had other resistance mutations, was
insufficient for genetic testing as the tissue biopsy was
too small and was subjected to pathological and immuno-
histochemical analyses instead. Thus, further evaluations
could be performed for this patient. Notably, ALK G1202R
was previously reported as a potential brigatinib resistance

mutation, which was also consistent with our findings.'® It

Table | Genetic Alterations Detected in ctDNA Samples During the Treatment Course

Gene Variation Post-Treatment®
Detected L L . . . -
Crizotinib | Brigatinib Lorlatinib + Paclitaxel Albumin-Bound + Carboplatin +
PD PD Crizotinib PD Endostar + Alectinib PD
ALK EML4:exon 6-ALK: 0.1% 0.1% 0.1% 0.1%
exon 20

ALK GI1202R - 0.2% - 0.1%

ALK DI1203N - - - 0.3%

SMARCA4 R1243W - - - 0.3%

TP53 PI52L - - - 0.3%
Notes: *Mutant allele frequencies are indicated; —Indicates not detected.
Abbreviation: PD, progressive disease.
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was also reported that lorlatinib could inhibit the ALK
G1202R mutant,’ and in the current case, the ALK
G1202R mutation was not detected following lorlatinib
and crizotinib treatment. However, two ALK-resistance
mutations, ALK G1202R and D1203N, were detected fol-
lowing the failure of the combined treatment (chemother-
apy, endostar and alectinib).

ALK G1202R was also reported as an alectinib resis-
tance mutation,'> while D1203N has only been reported in
a single patient who received ceritinib or brigatinib, but
not alectinib.'® However, the ALK D1203N mutation was
more common following relapse on lorlatinib, and was
almost always observed with other 4LK-mutants."’

As chemotherapy with endostar has proved to be effec-
tive for advanced NSCLC patients and could be a salvage
strategy for patients experiencing failure with targeted
18-20 this

a combined treatment of chemotherapy, endostar, and

therapies, the patient in study received
alectinib.

Mutations in the 7P53 gene have been reported in 50%
of NSCLC patients with the frequency of such alterations
being highest in LSCC patients.”?’ Moreover, non-
disruptive TP53 mutations are associated with shorter sur-
vival times in patients with advanced NSCLC.?* In this
case, the 7P53 mutation P152L was detected following the
conclusion of the combined treatment of chemotherapy,
endostar, and alectinib, and the disease progressed within
two months thereafter. Currently, no standard treatment
exists for patients with the acquired mutations identified
in this study following sequential TKI therapy. It has been
reported that pembrolizumab combined with platinum-
based chemotherapy could improve OS and PFS for meta-
LSCC, of the of PD-L1

expression.”> Hence, the patient was administered gemci-

static regardless level
tabine, cisplatin, and pembrolizumab as a sixth-line treat-

ment and achieved SD.

Conclusions

In summary, our report presented a rare ALK-positive LSCC
patient who was treated with sequential TKI therapies and
developed different resistance mutations, which were
detected by dynamic NGS monitoring. We highlight the
importance of dynamic monitoring of ctDNA using NGS
to identify genomic tumor evolution and guide treatment
decision-making. Thus, this study provides meaningful
insight into the potential treatment options for ALK-
positive LSCC patients.
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