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ABSTRACT

Infroduction. With advancements in the understanding of lung cancer biology, targeted therapy has
become the rule rather than the exception. Patients with ALK rearrangements are amenable to therapy
with Alectinib and other ALK inhibitors, which has been associated with better patient outcomes. While ALK
rearrangement should be routinely tested in non-squamous non-small cell lung cancer (NSCLC), the cost
and availability of this test is a prohibitive factor, partficularly in the Philippine setting.

Objectives. This study aimed (1) to determine the prevalence of ALK-rearranged NSCLC among adult
Filipino lung cancer patients in St. Luke's Medical Center (SLMC) from 2016 to 2018 and (2) to determine the
clinico-pathologic features of adult Filipinos with ALK-rearranged NSCLC.

Methodology. This is a refrospective cross-sectional descriptive study wherein the prevalence of ALK-
rearranged NSCLC, detected using fluorescence in-situ hybridization (FISH) or immunohistochemistry
(IHC), was determined. Clinical data of patients for whom ALK testing was performed were collected.

Hematoxylin and Eosin (H&E) slides were retrieved and reviewed for the presence of certain morphologic
features. Patients whose H&E slides cannot be retrieved were excluded from the study.

Results. ALK rearrangement was seen in 7.8% (8/103) of tumors submitted for ALK testing. Patients with ALK-
rearranged tumors were generally young, light smokers, and presented with advanced clinical stage.
Clear cell features and solid pattern were noted in one case and three cases, respectively. However, due
to small sample size, further statistical analysis could not be performed to analyze the association of these
features with the presence of ALK rearrangement.

Conclusion. Despite a small sample size, the prevalence and clinical profile of ALK-rearranged NSCLC in
our instifution are congruent with those previously described in Western populations. The association of
clinical profile and morphologic features with the presence of ALK rearrangement can be further explored
in future studies.
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Epidermal Growth Factor Receptor (EGFR), Kirsten Rat
Sarcoma Virus (KRAS) and Anaplastic Lymphoma Kinase
(ALK). With advancements in the understanding of the
biology of lung cancer, these oncogenes have become the
object of targeted therapy.

@ @ @ @ ; ALK is a receptor tyrosine kinase whose coding gene, which
Crossref spans 29 exons, is found at chromosome 2p23. The ALK
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chromosome encodes a 1,620 amino acid which undergoes
post-translational ~ N-linked  glycosylation.  Normally,
ALK is activated by dimerization; this results in auto-
phosphorylation of three tyrosine residues. The normal
physiologic function of ALK is largely unknown; however,
it has been shown to initiate several signal transduction
pathways, including the sonic hedgehog pathway,
mammalian target of rapamycin, and phosphoinositide
3- kinase/ protein kinase B pathway.!

ALK mutations in cancer were first identified by Morris et
al., in anaplastic non-Hodgkin’s lymphoma (ALCL) where
a t (2;5) (p23; q35) mutation resulted in a constitutively
active ALK kinase.! Other malignancies, such as NSCLC,
basal cell carcinoma, breast cancer, and colorectal
carcinoma, have since been demonstrated to harbor
ALK mutations. ALK activation occurs via three different
mechanisms: (1) fusion protein formation, (2) ALK over-
expression, and (3) activating ALK point mutations.’
In NSCLC, the most common gene rearrangement is
that with Echinoderm Microtubule-associated protein-
like 4 (EML4), with the EML4-ALK mutation first being
described in NSCLC in 2007. The EML4-ALK fusion is a
product of an inversion in the short arm of chromosome
2 which leads to the fusion of the N-terminal domain of
EML4 with the intracellular kinase domain of ALK.! This
results into constitutive tyrosine kinase activity. Aside
from EML4, numerous novel fusion partners have also
been described as a result of next generation sequencing,
including Trafficking from ER to Golgi regulator (TFG),
Kinesin Family member 5B (KIF5B), Kinesin Light Chain
1 (KLC1) and Striatin (STRN).?

ALK-rearranged NSCLC are usually seen in younger
patients who are never or are former/ light smokers. The
most common histology is that of an adenocarcinoma
with a solid or acinar pattern with focal signet ring cell
features.>*

Crizotinib, an orally available aminopyridine-derived
small molecule ATP competitive inhibitor, was historically
the first ALK inhibitor used clinically in the treatment
of NSCLC. It induces a G1/S phase cell cycle checkpoint
and apoptosis in ALK-rearranged tumor cells. It has
been shown to be superior to standard chemotherapy
in patients with previously treated, advanced, ALK-
rearranged NSCLC, with noted improvements in
response rates and global quality of life.> However, next-
generation ALK inhibitors with greater systemic and
central nervous system penetration and efficacy, such as
Alectinib, Brigatinib, and Lorlatinib, are now the first-line
treatment options. Among these, Alectinib is preferred
due to longer-term follow-up of clinical trials with this
agent.’ Note that prior to targeted therapy, the presence
of ALK rearrangements was not a favorable prognostic
factor in NSCLC.' However, since the Federal Food and
Drug Administration (FDA) approval of Crizotinib in
2011, ALK fusion detection is now considered standard
of care in lung adenocarcinoma.”

Testing for ALK fusion has been facilitated by the
commercial availability of a fluorescence in situ hybridi-
zation (FISH) assay that uses a dual-labeled “break-apart”
probe. FISH is able to accurately and reliably detect all ALK
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rearrangements regardless of the fusion partner and is
thus considered the gold standard for ALK fusion testing.!
However, it is costly, requires expertise and experience to
interpret properly, and often has a lengthy turnaround
time. It also requires the presence of a minimum of
50 tumor cells to circumvent false negative results.
Other common methods for ALK fusion testing include
immunohistochemistry (IHC) and polymerase chain
reaction (PCR). IHC has the following advantages: low cost,
relative ease of implementation, ease of interpretation,
and short turnaround time. While clinical testing for ALK
gene rearrangements initially used FISH, the sensitivity
and specificity of THC versus FISH has been found to
range from 81% to 100% and current guidelines consider
ITHC testing (ALK D5F3) as an equivalent alternative to
FISH for ALK testing.® The high degree of concordance
between FISH and IHC has been demonstrated in small
biopsy and cytology specimens.®!” Currently, there is no
recommended minimum number of cells in assessing
ALK D5F3 THC.!" THC can therefore be used as an initial
standalone test.'*!* PCR, though specific, sensitive, and less
expensive than FISH, misses rare or novel translocations
and can have contamination issues. Reverse transcriptase
PCR (RT-PCR) is not recommended as an alternative to
FISH for detecting ALK rearrangements in NSCLC."?

While it is currently part of international guidelines
that ALK testing be performed in all patients with non-
squamous NSCLC, the cost and availability of this test is
a prohibitive factor, particularly in the Philippine setting.
As such, this study was undertaken (1) to determine the
prevalence of ALK-rearranged non-small cell lung cancer
(NSCLC) among adult Filipino lung cancer patients in St.
Luke’s Medical Center (SLMC) as identified using FISH
or IHC done at SLMC and (2) to determine the clinico-
pathologic features of these adult Filipinos with ALK-
rearranged NSCLC.

METHODOLOGY

This is a retrospective cross-sectional descriptive study
wherein the prevalence of ALK-rearranged NSCLC cases
identified using FISH analysis (Vysis ALK Break Apart
FISH probe kit) or IHC (VENTANA anti-ALK D5F3
rabbit monoclonal primary antibody clone) performed at
SLMC from 2016 to 2018 was determined.

A database search of the institution’s laboratory
information system was performed using ALK THC and
FISH test requisitions from 2016 to 2018. Available clinical
data (age, sex, smoking history, and clinical staging)
were then collated from the institution’s electronic and
clinic records. Hematoxylin and Eosin (H&E) slides of
the specimens submitted for ALK testing were retrieved
and jointly evaluated by two of the authors (one of which
is a pulmonary pathology specialist) for the following:
histologic  subtype, morphological pattern, highest
nuclear grade, and presence of signet ring or clear cell
features, cribriform pattern, calcification, and necrosis.
Specimens for whom the H&E slides cannot be retrieved
were excluded from the study. Reports of ALK tests
performed on the included cases were then retrieved
from the electronic records and tabulated. The study’s
methodological flowchart is depicted in Figure 1.
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Available clinical data
(age, sex, smoking history,
clinical staging) were
retrieved and tabulated

Database search
of the institution's
laboratory
information system

was performed using
ALK IHC and FISH
test requisitions
from 2016 to 2018

H&E slides of
specimens used
for ALK testing
were retrieved

Figure 1. Methodological flowchart.

ALK, anaplastic lymphoma kinase. H&E, hematoxylin and eosin.

The following operational definitions were used in the

study:
* Never smoker — patient who has never smoked or
who has smoked less than 100 cigarettes in his or her
lifetime
*  Light smoker — patient with smoking history less than
or equal to ten pack-years’
*  Heavy smoker — patient with smoking history greater
than ten pack-years
e ALK-rearranged — positive for ALK rearrangement
o Identified using FISH by the presence of broken
apart signals, two or more signal diameters apart,
in > 50% of at least 50 tumor cells, or in an
average of at least 15% of 100 tumor cells

o Identified using IHC by the presence of strong
granular cytoplasmic staining in any percentage
of tumor cells

¢ ALK wild-type — negative for ALK rearrangement

*  No special features — NSCLC cases without signet ring
cells, clear cells, calcification, necrosis, or cribriform
pattern

*  Histologic grade cannot be assessed — NSCLC cases
where the absence of a definitive morphologic pattern
(lepidic, acinar, solid, papillary, and/ or micropapillary)
precludes assessment of histologic grade

RESULTS

Although ALK testing by FISH and IHC are available in
our institution, all cases covered by the study period were
only submitted for testing by ITHC. ALK rearrangement
was seen in 7.8% (8/103) of tumors submitted for testing
from 2016 — 2018. In the same period, the prevalence
of ALK wild type NSCLC was 88.3% (91/103) while
indeterminate results were seen in 3.9% (4/103) of cases
due to paucity of tumor cells. No equivocal results were
noted. The prevalence and clinical features of ALK-
rearranged and ALK wild type cases are summarized in
Table 1.

Patients with ALK-rearranged tumors had an age range
of 31 to 70 years and mean and median ages of 47.3 and
40 years, respectively. Fifty percent (4/8) of these patients
were clinically stage IV at the time of ALK testing. Of
those with available smoking history, 40% (2/5) were non-
smokers while among smokers, 66.7% (2/3) were light
smokers. In contrast, ALK wild type tumors affected
older patients, with an age range of 32 to 90 years and
mean and median ages of 65.9 and 66 years, respectively.

Histological evaluation of H&E slides for
histologic subtype, morphologic pattern,
highest nuclear grade, and presence
of special features was performed
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ALK test results of included
cases were retrieved
from the electronic
records and tabulated

Table 1. Clinical features of ALK-rearranged and ALK wild type
non-small cell lung carcinoma, retrieved from the institution’s

electronic and clinic records
ALK-rearranged (N = 8)

ALK wild type (N =91)

N (%) N (%)
Sex
Male 5 (62.5%) 54 (59.3%)
Female 3 (37.5%) 37 (40.7%)
Age
Mean (years) 47.3 65.9
Median (years) 40 66
Range (years) 31-70 32-90
Smoking history
Non-smoker 2 (25%) 21 (23.1%)
Smoker 3(37.5%) 24 (26.4%)
Pack-years, mean 10.5 21.9
Pack-years, range 0.5-30 2.25-60
Unknown 3(37.5%) 46 (50.5%)
Clinical Stage
1A 0(0%) 0(0%)
1B 0 (0%) 1(1.1%)
1l 1(12.5%) 0(0%)
A 0(0%) 1(1.1%)
ns 0(0%) 0(0%)
v 4 (50%) 19 (20.9%)
Unknown 3(37.5%) 70 (76.9%)

Nearly 21% (19/91) of patients with ALK wild type tumors
were clinically stage IV at the time of ALK testing. Of
those with available smoking history, 46.7% (21/45) were
non-smokers while among smokers, 70.8% (17/24) were
heavy smokers. Predominance of male sex was noted
in both ALK-rearranged and ALK wild type tumors.

The morphologic features of ALK-rearranged and ALK
wild type cases are summarized in Table 2. ALK testing
in our institution was performed mostly on cytology
specimens. Adenocarcinoma was the most common
histologic subtype for both ALK-rearranged and ALK
wild type tumors.

Among tumors whose morphological pattern can be
definitively assessed, solid pattern was noted in 37.5%
of ALK-rearranged tumors compared to 16.5% in ALK
wild type tumors. Signet ring cell features, calcification,
and cribriform pattern were only noted in ALK wild
type tumors. Clear cell features and necrosis were seen
in both ALK-rearranged and ALK wild type tumors.
However, due to small sample size, further statistical
analysis could not be performed to analyze the association
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Table 2. Morphologic features of ALK-rearranged and ALK wild

type non-small cell lung carcinoma

ALK-rearranged ALK wild type
(N =28) (N =91)
Histologic subtype
Adenocarcinoma 5(62.5%) 76 (83.5%)
Adenosquamous carcinoma 0 (0%) 1(1.1%)
Mucinous carcinoma 1(12.5%) 0(0%)
Non-small cell lung carcinoma 2 (25%) 9(9.9%)
Pleomorphic carcinoma 0 (0%) 1(1.1%)
Others 0 (0%) 4 (4.4%)
Morphological pattern®
Lepidic 0 (0%) 2(2.2%)
Acinar 1(12.5%) 11 (12.1%)
Solid 3(37.5%) 15 (16.5%)
Papillary 0 (0%) 8(8.8%)
Micropapillary 2 (25%) 18(19.8%)
Cannot be assessed 4 (50%) 64 (70.3%)
Histopathologic grade
Grade 1 0(0%) 0(0%)
Grade 2 0(0%) 1(1.1%)
Grade 3 4(50%) 26 (28.6%)
Cannot be assessed 4 (50%) 64 (70.3%)
Presence of histologic features?®
Signet ring 0 (0%) 3(3.3%)
Clear cell 1(12.5%) 9(9.9%)
Calcification 0 (0%) 2(2.2%)
Necrosis 2 (25%) 17 (18.7%)
Cribriform 0 (0%) 5 (5.5%)
No special features 6 (75%) 58 (63.7%)
Specimen type
Core Biopsy 1(12.5%) 24 (26.4%)
Cytology 3(37.5%) 49 (53.8%)
Resection 4 (50%) 18 (19.8%)

2 Multiple morphological patterns and histologic features were seen in some
cases.
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of these features with the presence of ALK rearrangement.
A photomicrograph of the only ALK-rearranged tumor
with clear cell features is depicted in Figure 2.

DISCUSSION

Though the sample size for this study is not large enough
to perform statistical testing, the results are similar to
those previously published in Western journals.*® The
prevalence of ALK rearrangement in our institution was
not markedly different from previously published rates
of ALK rearrangement in NSCLC, which range from
1.5-6.7% in unselected populations and 5% in Asian
populations.?® This relative rarity of ALK rearrangement
compared to other molecular alterations in NSCLC
makes accrual of a large cohort for epidemiologic studies
less feasible.

Young age, history of never smoking or light smoking,
and high stage disease were previously determined to be
statistically different between ALK-rearranged and ALK
wild type NSCLC in Western populations; these patterns
are also seen in our study. However, it is important to note
that these clinical features by themselves are not deemed
sufficient to predict the presence of ALK rearrangement
with a high degree of certainty.

Early studies also suggested the presence of unique
histomorphologic features in ALK-rearranged tumors.
These studies evaluated the possible association of the
presence of signet ring cells, clear cells, hepatoid cytology,
extracellular mucin, calcification, necrosis, and cribriform

Figure 2. (A) Non-small cell lung carcinoma with clear cell features and solid pattern (H&E, 20x). (B) The same tumor demonstrating
positivity for ALK on immunohistochemistry (ALK IHC, 20x).
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pattern with ALK rearrangement. Of these, solid pattern
and the presence of signet ring cells were consistently
identified as an associated feature.** In the study by Rodig
et al., a solid pattern of growth and the presence of signet
ring cells comprising at least 10% of a tumor were noted
in 56% of ALK-rearranged cases, compared to only 5%
of ALK wild type cases. Nishino et al., likewise noted that
a solid-predominant pattern and signet ring cells were
more common in ALK-rearranged primary and metastatic
lung tumors. Hepatoid morphology and the presence
of psammoma bodies/ calcifications were also noted to
be more common in primary, but not metastatic, lung
tumors.* In specimens obtained by minimally invasive
procedures (e.g., endobronchial and transthoracic
biopsies, core biopsies, and cell blocks), the presence of
signet ring cells was the only significant morphologic
feature in ALK-rearranged tumors. In our study, although
three of the eight ALK-rearranged tumors showed a solid
pattern of growth, none of these showed signet ring cell
features. Given our small number of ALK-rearranged
cases, we could not conclude whether this difference is
due to the small sample size, or whether other factors,
such as regional differences and the type of specimen
(predominantly cytology samples), could have played
a role in the discrepancy. Further studies with a larger
sample size are needed for a more thorough evaluation
of the association between morphologic features and
ALK rearrangements.

There has been a push for correlation with clinical profiles
and establishment of a scoring system to efficiently triage
tumors for ALK rearrangement studies in financially
constrained settings. Nishino et al., have proposed one
such scoring system, with a sensitivity of 89% and specificity
of 75% in their study which included 226 primary lung
tumors. Upon validation with a new cohort of 78 lung
adenocarcinoma cases, their scoring system was noted
to predict ALK rearrangement with a sensitivity of 88%),
specificity of 45%, positive predictive value of 49%, and
negative predictive value of 87%. However, the authors
have recognized that this scoring system will not detect
a minority of ALK-rearranged lung tumors and overall
do not recommend morphologic analysis alone to screen
for ALK rearrangements, since all of these patients are
expected to benefit greatly from targeted therapy. In the
Philippine setting, where the financial capabilities of the
patient are always taken into consideration, it may be
worthwhile to further explore morphologic screening
for ALK-rearranged tumors in future studies. Until
then, the lack of demonstrable correlation between
ALK rearrangement and clinico-pathologic features
supports the recommendation to test all primary lung
adenocarcinomas and non-small cell lung carcinomas/
squamous cell carcinomas from never smokers.

CONCLUSION

Despite a small sample size, the prevalence and clinical
profile of ALK-rearranged NSCLC in our institution
are congruent with those previously described in
Western populations. The association of clinical profile
and morphologic features with the presence of ALK
rearrangement can be further explored in future studies.
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