Case Report

Increased Copy Number of Anaplastic Lymphoma Kinase Gene
Signal in Lung Carcinomas: Is it Significant?
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The anaplastic lymphoma kinase gene re-arrangement which is present in 3-5% cases of non small cell lung cancer is a somatic gene re-
arrangement. The gold standard for the identification of this gene re-arrangement is fluorescence in situ hybridization. Many variant hybridization
patterns have been documented. We present a case of polysomy of ALK gene in the absence of ALK gene re-arrangement in a 45 year old
female who presented with brain metastasis. This is a rare case of polysomy of ALK gene reported in a non small cell lung carcinoma. It may
be indicative of a worse prognosis and may predict high metastatic potential in these tumors.
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INTRODUCTION

Anaplastic lymphoma kinase (ALK) gene rearrangements
were first reported in nonsmall cell lung cancer (NSCLC)
in the year 2007. The novel ALK fusion with echinoderm
microtubule-associated protein-like 4 (EML4-ALK) gene was
first discovered as a somatic gene rearrangement by Hiroyuki
Mano et al. An inversion event on the short arm of chromosome
2, resulting in the fusion of ALK gene with the EML4 gene
locus, is the most common aberration of the ALK gene in
lung cancer This rearrangement leads to the production of a
chimeric protein, which has constitutive ALK kinase activity,
resulting in the inhibition of apoptosis and promotion of cell
proliferation in tumor cells. The ALK gene rearrangement is
found in 3%—5% of cases of NSCLC.['¥

A series of clinical and pathological features have been
documented in patients who harbor this translocation. This
alteration is most frequently detected in younger patients and
the most common histologic pattern is the solid or signet ring
pattern. It is most frequently detected in nonsmokers and is
associated with hepatic, brain metastasis, and pleural and
pericardial effusions. No apparent differences in the ethnicity
and sex have been identified.*’
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Crizotinib is an oral selective inhibitor of ALK and
mesenchymal—epithelial growth factor (c-Met)/hepatocyte
growth factor kinases. Based on the response rates reported
in the Phase 1 and 2 clinical trials, crizotinib received
accelerated approval by the Food and Drug Administration
in August 2011 for the treatment of locally advanced
or metastatic NSCLC that show evidence of ALK gene
rearrangement.>-¢

There are various methods for the detection of ALK gene
rearrangement in NSCLC; however, the gold standard is
fluorescence in situ hybridization (FISH) performed on
formalin-fixed paraffin-embedded tissue blocks.!!! The analysis
of the ALK gene rearrangement involves the assessment of
the integrity of the gene. The commercial assay contains a
spectrum orange labeled 300-kb probe on the telomeric 3’
side of ALK and a spectrum green labeled 442-kb probe on
the centromeric 5’ side. The wild-type configuration is seen
as a fused yellow signal. The cells are considered positive for
the ALK gene rearrangement when the adjacent red and green
signals are more than two signal diameter apart and/or a fused
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signal exists with a single red signal. A sample is considered
negative when <10% of the tumor cells show evidence of
ALK gene rearrangement. A sample is considered distinctly
positive when >50% of cells show the rearrangement. A sample
is considered as equivocal if 10%—-50% of cells show the
rearrangement.t*!

Few variant hybridization patterns besides rearrangement are
known to occur rarely.[) We present this case with a variant
hybridization pattern of the ALK gene in the absence of ALK
rearrangement.

Case Report

A 45-year-old female presented with a history of headache and
seizures associated with loss of consciousness. The magnetic
resonance imaging of the brain revealed solid large-enhancing
lesion in the frontal lobe of the brain. Craniotomy revealed a
large tumor infiltrating diffusely into the cerebral parenchyma.
A biopsy was taken, and the histopathological examination
revealed a tumor composed of neoplastic cells arranged in
acini with focal papillary configuration. The cells had moderate
amount of amphophilic cytoplasm with the vesicular nucleus
and prominent nucleoli. Mitosis along with necrosis was also
appreciable [Figure 1]. The histomorphology was in favor of
metastatic adenocarcinoma. An immunohistochemical panel
was performed to identify the site of the primary tumor. The
tumor was diffusely positive for cytokeratin 7, with focal
expression of thyroid transcription factor-1 and negative for
cytokeratin 20. Glial fibrillary acidic protein highlighted the
glial tissue infiltrated by tumor [Figure 2].

Based on the morphology and immunohistochemical marker
expression, a diagnosis of metastasis from pulmonary
adenocarcinoma was rendered.

Figure 1: () Tumor composed of neoplastic cells in the papillary and
sheet-like pattern (blue arrowhead) with intervening necrosis (H and E,
x50). (b and c) Tumor cells with high nucleo-cytoplasmic ratio and
moderate pleomorphism and necrosis (red arrow) (b: Hand E, x100, c:
Hand E, x200). (d) Tumor cells with a vesicular nucleus and prominent
nucleoli (black arrowhead) (H and E, x400)

FISH for detection of the ALK gene rearrangement using the
Vysis ALK Break Apart Probe Kit (Abbott molecular) was
performed. The analysis of the ALK gene revealed that 2% of
the nuclei had the break apart signal and most of the nuclei had
a fused red and green signal (yellow color). About 25%—30%
of nuclei had four or more ALK gene copies which were
in indicative of low-grade polysomy of ALK without ALK
rearrangement [Figure 3].

On further workup, the patient was detected to have a small
nodular lesion in the right lung on computed tomography
scan, which was accepted as the silent primary tumor leading
to brain metastasis. The patient fared poorly after diagnosis
and succumbed to intracranial tumor bleed a fortnight later.

Discussion

ALK is a transmembrane protein, a member of the insulin-like
tyrosine kinase receptor superfamily. Various combinations
of ALK with other proteins have been discovered in other
neoplasms such as diffuse large B-cell lymphoma, inflammatory
myofibroblastic tumor, neuroblastoma, squamous cell
carcinoma of the esophagus, and renal cell carcinoma.®”

An increased copy number of fused nonrearranged ALK
signals corresponds to polysomy (>4 ALK copies in >10%
nuclei) or ALK amplification (=10 ALK copies in >10%
nuclei). An increase of ALK gene copy number observed in
10%—-39% of cell nuclei is considered as low-grade polysomy,
whereas >40% of cell nuclei is considered as high-grade
polysomy. This division has been adapted from the FISH
test results scale as used by Sasaki et al. in their study for
evaluation of copy number abnormalities NSCLC patients.!”

The clinical significance of ALK gene amplification and
increased copy number of ALK is not known."® Wojas-
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Figure 2: (a) Cytokeratin 7: Diffuse cytoplasmic-positive staining in
tumor cells (DAB, x200). (b) Cytokeratin 20: Negative staining in
tumor cells (DAB, x200). (c) Glial fibrillary acidic protein: Negative in
the tumor cells, positive in the glial tissue (red arrow) (DAB, x200).
(d) Thyroid transcription factor-1: Focal nuclear-positive expression in
tumor cells (black arrows) (DAB, x200)
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Figure 3: (a and b) Fluorescent in situ hybridization for anaplastic
lymphoma kinase gene rearrangement showing fused red and green
signals (yellow color). 25%-30% of the nuclei had =4 anaplastic
lymphoma kinase gene copies (white arrows) indicative of low-grade
polysomy (oil, x1000). (DAPI/blue color stains cellular nuclei)

Krawczyk et al. observed that ALK gene amplification in
NSCLC was associated with the past or present history of
smoking, whereas polysomy had no association with smoking.
Hence, this indicates that ALK gene amplification could be
involved in carcinogenesis of lung cancer associated with
smoking.’) However, the prognostic value of this amplification
was not evaluated.

This association between increased ALK gene copy number
and prognosis needs further evaluation. Several case series on
amplification of other genes involved in lung carcinogenesis
have documented their prognostic significance. EGFR
protein overexpression and gene amplification in NSCLC
are associated with aggressive tumor behavior.[®! Sasaki
et al. stated that patients of NSCLC with KRAS polysomy
or amplification showed significantly worse prognosis, when
compared with patients who harbored disomy of KRAS.[M A
high mesenchymal—epithelial transition (MET) factor gene copy
number is indicative of shorter survival in patients of NSCLC.®!

In our case, the patient presented with brain metastasis with
unknown primary and had a short survival. Hence, polysomy
and amplification of the ALK gene may be indicative of worse
prognosis and poor survival in lung carcinomas as well.

Desai et al. and Dai et al. stated the polysomy and ALK
amplification signify the genetic differences in tumor tissue.
The amplification of the ALK fusion gene is reported in a
small number of crizotinib-resistant tumors, with or without
concurrent ALK mutations.!'"l In our case, response to
crizotinib could not be evaluated due to poor survival, but this
association of probable drug resistance with polysomy also
needs further evaluation.

Typical and variant hybridization patterns for ALK gene
rearrangements are likely due to intratumoral heterogeneity.
The presence of an increased copy number of the ALK
gene must be documented, as it may be indicative of poor
prognosis.
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