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Clinicopathological Profile of Anaplastic Lymphoma Kinase-positive

Nonsmall Cell Lung Cancer: An Indian Perspective

Abstract

Background: A novel fusion gene of echinoderm microtubule-associated protein-like 4 (EML4) and
anaplastic lymphoma kinase (ALK) has been identified in a subset of non-small-cell lung cancers
(NSCLCs). Patients with the ALK-EML4 fusion gene demonstrate unique clinicopathological and
physiological characteristics. Here we present an analysis of clinicopathological profile of patients of
metastatic adenocarcinoma harboring the ALK-EML4 fusion gene. Methods: A retrospective analysis
of advanced ALK positive NSCLC, who presented at this tertiary care hospital of armed forces from
September 2014 to December 2016 was conducted. The primary goal was to evaluate demographic
and clinicopathological profile of ALK positive advanced NSCLC. Detection of ALK fusion was
done by IHC on formalin fixed paraffin embedded cell blocks. Results: Out of 270 patients of
NSCLC, 15 (7.4%) tested positive for ALK-EML4 fusion. Rate of positivity was higher in females
(13.7%) than in males (5%). The correlation of the ALK-EML4 fusion gene and clinicopathological
characteristics of NSCLC patients demonstrated a significant difference in smoking status, histological
types, stage, and metastatic pattern. Conclusion: Our analysis indicated that ALK-EML4 positive
NSCLC comprised a unique subgroup of adenocarcinomas with distinct clinicopathological and
radiological characteristics. Incidence of ALK positivity was found to be higher in females and never
smokers. These patients have distinct pathological and radiological characteristics.
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pathological features. This subset of patients
are characterized by relatively younger
age, nonsmokers or light smokers, and a

Introduction

For a long time, systemic cytotoxic
chemotherapy remained the gold standard

in the treatment of advanced nonsmall
cell lung cancer (NSCLC) patients. With
the discovery of the anaplastic lymphoma
kinase (ALK) gene in NSCLC and the
development of crizotinib against this
subset of NSCLC, an era of targeted
therapies took the lead way."? The
echinoderm microtubule-associated protein-
like 4 (EML4) — ALK is a fusion-type
protein tyrosine kinase, found in 4%-5% of
NSCLC.B!I The ALK gene arrangements are
largely mutually exclusive with epidermal
growth factor receptor (EGFR) or Kirsten ras
mutations.*) Immunohistochemistry (IHC),
fluorescent in  situ hybridization, and
reverse transcription polymerase chain
reaction have been used to detect ALK
mutation. The presence of an ALK fusion
oncogene defines a molecular subset
of NSCLC with distinct clinical and

mucinous, cribriform, or signet-ring cell
subtype of adenocarcinoma.’) Whenever
possible, therapy of patients with advanced
NSCLC should be individualized, based
on the molecular and histological features
of the tumor. ALK is a straightforward,
biology-based biomarker, predicting a high
response rate with crizotinib even in heavily
pretreated patients and is relatively nontoxic.
This study was aimed to analyze data and
provide a better understanding of patients
with ALK-positive advanced NSCLC.

Objective

To evaluate the epidemiological,
clinicopathological profile, and
disease  characteristics of  advanced

EMLA4-ALK-positive NSCLC patients in a
tertiary care hospital for armed forces.
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Figure 1: Symptomatology

Table 1: Demographic and clinical profile of anaplastic
lymphoma kinase-positive nonsmall cell lung cancer patients

Characteristic Number(%)
NSCLC patients
Study population 203
Male:female 2.7:1(148/55)
Smoker (all male) (%) 45 (30)

ALK-positive NSCLC patients
15/203 (7.3)

Median age (years) 39.5
Male:female 1:1.2 (7/8)
Smoker/tobacco user (%) 3 (20)
Comorbidities (%)
Hypertension 2(13)
Chronic kidney disease 1(7)
ECOG PS (%)
0-1 13 (86)
2 1(7)
>2 1(7
Clinical features (%)
Cough 11 (73)
Dyspnea 8(53)
Hemoptysis 2(13)
Hoarseness 1(7)
Neurological deficits 2 (13)

ALK — Anaplastic lymphoma kinase; NSCLC — Nonsmall cell
lung cancer; ECOG — Eastern Cooperative Oncology Group;
PS — Performance status

Materials and Methods

A retrospective analysis of advanced ALK-positive NSCLC
who presented at this tertiary care hospital of armed
forces from September 2014 to September 2016 was
conducted. The primary goal was to evaluate demographic
and clinicopathological profile of ALK-positive advanced
NSCLC. Details of these patients were obtained from
prospective lung cancer audit database that is maintained
in the department of medical oncology. Patients underwent
a complete history and physical examination, routine blood
testing (complete hemogram, renal and liver function
tests). Tumor staging was performed by contrast-enhanced
computed tomography chest and abdomen, whole body
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Figure 2: Sites of metastasis

positron emission tomography-computed tomography, and
magnetic resonance imaging brain. Detection of ALK fusion
was done by IHC on formalin-fixed paraffin-embedded cell
blocks.

Observation

Out of 203 NSCLC patients evaluated, 15 patients
(7.3%) tested positive for ALK rearrangements. The
median age of ALK-positive NSCLC cases was
39.5 years (range 29-63 years), with a slight female
predominance (male: female = 1:1.2) [Table 1]. Smoking
history was noted in 20% of all ALK+ cases. There were
no female smokers in the study. Thirteen patients (86%)
had an Eastern Cooperative Oncology Group performance
status 0—1. The most common presentation was cough
observed in 73% (11) patients followed by shortness of
breath noted in 53% (8) cases [Figure 1]. Hemoptysis and
neurological deficits were presenting complaints in 13% of
cases each. One patient was a diagnosed case of chronic
kidney disease Stage IV on maintenance hemodialysis.
Two cases were known hypertensives on antihypertensives.
Histologically, adenocarcinoma was the dominant subtype
found in 73% (11) of all cases and rest about 26% of them
were poorly differentiated carcinoma [Table 2]. Six (55%)
of the cases were having mucinous or signet-ring pattern
on histology. At baseline, one patient was having Stage
III disease with rest 93% (14) were Stage IV disease.
Eleven (73%) of the patients had more than 2 sites of
metastases, with median number of metastasis equal
to three. Most common site of metastases was pleural
effusion/pleural deposits (93%, n = 14) followed by brain
and bony mets (53%, n = 8) as shown in Figure 2. On
radio imaging, all the brain metastases were present in
anterior cranial fossa. Primary tumor location was central
in 66% (n = 10) whereas peripheral and multiple lesions in
13% (n = 2) and 20% (n = 3), respectively.

Discussion

Lung cancer is the most prevalent cancer and leading

cause of cancer-related deaths worldwide.[¥ Despite
improvements in therapeutic methodology, including
surgery, chemotherapy, and radiotherapy, the average
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Table 2: Tumor characteristics of anaplastic lymphoma
kinase-positive nonsmall cell lung cancer patients

Characteristic Number(%o)
Histology (%)

Adenocarcinoma 11/15 (73)
Mucinous 3/11 (27)
Signet ring 3/11 (27)
Poorly differentiated 5/11 (45)

Poorly differentiated carcinoma 4/15 (26)

Stage (%)
1 1(7)
v 14 (93)
Median number of metastatic -
sites (%)

<2 sites 4 (26)

2-4 sites 11 (73)

>4 sites 0

Sites of metastases (%) -

Pleural effusion 14 (93)

Contralateral lung 4 (26)

Brain 8 (53)

Bone 8(53)

Cervical node 11 (73)

Adrenals 2(13)

Liver 1(7)

Primary tumor location (%) -

Central 10 (66)

Peripheral 2(13)

Multiple 3(20)

Intrathoracic disease (%) 2 (13)
Intra- and extra-thoracic disease (%) 13 (87)

prognosis of lung carcinoma still remains unsatisfactory,
and the 5-year survival rate is merely 15%."" Among those
lung cancer patients, NSCLC accounted for approximately
80%—85% of lung cancer cases.®! Increased attention has
been garnered in the development and application of drugs
that target specific molecules which expressed on NSCLC
cells which include signaling transduction and angiogenesis
inhibitors, such as the EGFR and ALK-targeted drugs.!'*!%

We analyzed 203 (148 males and 55 females) patients of
advanced NSCLC for the presence of EGFR mutations
and ALK rearrangement from April 2014 to December
2016. ALK testing was done with IHC on formalin-fixed
paraffin-embedded blocks. Fifteen (7.3%) patients tested
positive for ALK-EML4 translocation, which was consistent
with the previous published reports.l'12I Although our study
had nearly equal number of males and females testing
positive for ALK translocation, the incidence was higher
in females (14%), whereas incidence in males was found
to be 4.7%, which was statistically significant (7/141 vs.
8/47, P = 0.03). This finding was in contrast with prior
studies which found male preponderance in patients with
ALK-positive NSCLC, those being light or never smokers.
All females were never smokers in our study whereas

smoking history was present in around 42% of males. The
incidence of ALK positivity was independent of smoking
status in males. The median age of ALK positive patients
was found to be 39.5 years which is less than that of
non ALK translocated patients, which is consistent with
published literature but lower than other studies where the
median age was found to be 52 years.!'*! The most common
symptoms were cough (73%) and dyspnea (53%) which
were similar to non-ALK-positive patients of carcinoma
lung."  On histopathology, out of fifteen patients,
11 (73%) were adenocarcinoma and rest four were poorly
differentiated carcinoma. Mucinous and signet-ring pattern
together combined was present in 6 (54%) of 11 patients of
adenocarcinoma, with rest 5 (45%) being adenocarcinoma
of poorly differentiated type. The solid growth pattern
with signet-ring cell component, a feature not often seen
with EGFR mutant or wild-type NSCLC, and mucinous
cribriform pattern with extracellular mucinous materials are
the major histological findings published in literature.!'>!”
The anatomical location of ALK+ lung cancers appears
to be more central, and subsequently, bronchoscopic
cytology positivity is more common in the ALK-positive
group of patients as compared to non-ALK-positive
group of adenocarcinoma patients. Ten (66%) patients
had central location on radio imaging; rest 2 (13%) and
3 (20%) had peripheral and multiple lesions, respectively.
Yang et al. found higher incidence of extrathoracic
metastasis in ALK-positive cases, which was consistent
in our study group with extrathoracic disease present in
13 (87%) of 15 patients.!'! Eleven (73%) had disseminated
disease with more than two sites of metastasis. Most
ALK-positive patients have predilection for cerebral and
skeletal metastases in addition to pleural and pericardial
effusions.'*'! This finding was not significantly different
in our patients, with pleural effusion being most common
site of metastasis, followed by brain and bony metastasis.
Pleural involvement in the form of moderate to massive
pleural effusion or pleural deposits was the most common
site of metastasis found in 14 (93%) patients. Other
common sites of metastasis were bone and brain in 8 (53%)
patients each. In contrast, liver metastasis was present only
in one patient of our study group.

Limitation of our study was it consisted of only
203 patients, out of which only 15 were found positive for
ALK-EML4 fusion protein. Ratio of males and females
was unequal, reason being this hospital catering for serving
army personnel and their dependents and also incidence of
carcinoma lung being less common in females.

Conclusion

Our analysis indicated that ALK-EML4-positive NSCLC
comprised a unique subgroup of adenocarcinomas with
distinct clinicopathological characteristics. Compared to
non-ALK-positive NSCLC, this group is significantly
enriched for nonsmoking patients with adenocarcinoma.
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The positive rate of the ALK-EML4 fusion gene expression
in females was found to be higher than that in males which
was statistically significant. Mucinous and signet-ring
pattern was present in more than half of adenocarcinomas.
ALK-positive tumors have propensity to have central
lesions in contrast to non-ALK-positive adenocarcinomas.
They have disseminated disease with a typical metastatic
pattern with pleural involvement being the most common
site, followed by brain and skeletal metastasis. The
molecular target regimens that target the ALK-EML4 fusion
protein would be an effective, novel therapeutic modality
for these patients, which may turn out to be more effective
and with less side effects than conventional treatment.
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