Clinical implications and future perspectives in testing non-small
cell lung cancer (NSCLC) for anaplastic lymphoma kinase (ALK)

gene rearrangements
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Opver the last decade different oncogenic drivers have been
discovered in non-small cell lung cancer INSCLC).

Among them, anaplastic lymphoma kinase (ALK)
gene rearrangement, due to inversion or translocation of
chromosome 2p, has become a new druggable target for
anticancer therapy.

It has been a perfect example of synergism between
molecular research, preclinical and clinical drug development.

Since ALK gene rearrangement has been identified as
a new potential target in NSCLC (1), crizotinib, the first-
in-class ALK inhibitor, received an accelerated approval by
Food and Drug Administration (FDA) for the treatment
of advanced or metastatic ALK-positive NSCLC in four
years only.

To date, the European Medicines Agency (EMA) has
approved crizotinib for the treatment of advanced, pre-
treated ALK-positive NSCLC patients with a validated
method (without a companion diagnostic test). More
recently, the results of PROFILE 1014 study have been
published (2). This trial confirmed that also untreated
ALK-positive NSCLC patients significantly benefited
from crizotinib treatment over the standard first-line
chemotherapy. The advantage of crizotinib as compared to
chemotherapy in terms of progression-free survival (PFS)
was approximately of 4 months [10.9 versus 7.0 months, HR
0.45 (95% CI, 0.35-0.60); P<0.001]. Also objective response
rate (ORR) was in favour of crizotinib (74% versus 45%,
respectively; P<0.001).

After the publication of these data, it is plausible that
also EMA will approve crizotinib in advanced ALK-positive
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NSCLCs, regardless of previous therapies.

Therefore, new urgent issues have to be solved. Among
them, the prevalent topics have related to the available
tumor samples, the several growing molecular tests required
and the very low prevalence of ALK gene rearrangement in
NSCLC patient populations.

In the majority of cases a diagnosis of NSCLC is
obtained from small tumor biopsies or cytological smears
rather than surgical samples (3).

According to the good clinical practice, in presence
of a diagnosis of NSCLC the pathologist is requested to
perform some immunohistochemical stains (T'TF-1 and
p40 or p63) and molecular DNA sequencing assays to
distinguish non-squamous from squamous cell carcinoma
and to detect activating epidermal growth factor receptor
(EGFR) mutations, respectively.

In light of the approval of crizotinib therapy and to do
not loose tumor tissue, it is now recommended to test ALK
simultaneously with EGFR (+/- K-RAS) mutations.

The four proposed methods of testing ALK include
fluorescent in situ hybridization (FISH), immunohistochemistry
(IHC), reverse transcriptase polymerase chain reaction (RT-
PCR) and DNA sequencing (3).

To date, FISH has been the test commonly used in
clinical trials and it is the currently accepted method and
approved by the FDA. Although FISH is the gold standard
test, this method remains susceptible to several criticisms.
In fact, FISH assay needs highly-specialized laboratories,
expert pathologists and/or biologists and it is not an
inexpensive method, making it not adequate as large-scale
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Figure 1 Adenocarcinoma of the lung with acinar and signet-
ring cell growth patterns (H&E stain) expressing ALK protein
(immunohistochemistry, clone 5A4) and harboring ALK
rearrangement (FISH with split red and green signals) (x200).
ALK, anaplastic lymphoma kinase; FISH, fluorescent in situ
hybridization.

screening test. Furthermore, the cut-off for ALK-FISH
positivity (>15% of at least 50 nuclei expressing red and
green split or isolated red signals) is arbitrary and lacking
of any biological rationale (4). Finally, it may be unable to
detect novel complex rearrangements (5).

THC is the most common, affordable and available
method in all pathology laboratories. It can be used
successfully both on tumor biopsies and fine-needle
aspiration cell blocks, as well as FISH. Given the lack
of ALK protein expression in normal lung tissue, IHC
seems the ideal technique in disclosing ALK-positive
NSCLC. The main criticism of this method is related to
the variability in terms of antibody sensibility and inter-
observer agreement. Three antibodies are available, as
follows: clones ALK1 (Dako), 5A4 (Novocastra/Leica) and
D5F3 (Cell Signaling Technology/Ventana) (Figure I). The
first two clones need a four-tiered scoring system quoting
tumor expression as 0, 1+, 2+ and 3+, according to the
intensity of staining in >10% of tumor cells. The scoring of
the last assay follows a two-tiered system recording tumor
samples as ALK-negative and ALK-positive.

The sensitivity and specificity of IHC by using 5A4
antibody were 100% and 96%, respectively, when compared
to FISH assay (6).

When compared to ALK1 antibody, D5SF3 showed
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excellent sensitivity (100%) and specificity (99%), with a
very high inter-observer agreement (k=0.94) (7).

ALK gene rearrangement accounts for 5-6% of all
NSCLC patients (8). Although ALK-positive NSCLCs
are more frequently in young never-light smokers with
adenocarcinoma wild-type for EGFR and KRAS mutations,
there are no standard criteria to select patients for ALK
gene rearrangements testing and all non-squamous NSCLC
patients can be eligible for ALK FISH testing (9).

Therefore, it is essential a balanced use of the available
tumor tissue with the aim to optimize diagnosis, treatment
decision making and cost/effectiveness ratio.

For this purpose, an interesting strategy might be to
design a specific diagnostic algorithm using a sensitive,
specific and accurate ALK IHC assay as large-scale
screening test.

At this regard, we read with very interest the work
published by Blackhall and colleagues on the prevalence
and prognostic impact of ALK positivity in resected lung
adenocarcinoma (10). The study evaluated the prevalence of
ALK positivity by IHC (5A4, Novocastra) and FISH (Vysis
ALK break-apart FISH probe, Abbott Molecular, Des
Plaines, IL, USA), as confirmatory test and its correlation
with specific clinical features. Furthermore, it was designed
to clear the prognostic impact of ALK positivity and to
compare the two diagnostic methods in detecting ALK-
positive cases. Surgical samples from 1,281 patients with
lung adenocarcinoma were screened for ALK by IHC.
Eighty of all samples (6.2%) were ALK THC-positive
(48 THC 1+, 10 IHC 2+ and 22 cases IHC 3+) and were
matched with 160 ALK IHC-negative cases (ALK IHC
matched cohort). Among 80 ALK IHC-positive cases,
twenty-eight (35%) were ALK FISH-positive (2.2% of all
samples), whereas of the 160 ALK IHC-negative samples all
were ALK FISH-negative.

The 28 ALK FISH-positive samples were matched with
56 ALK FISH-negative samples (ALK FISH matched
cohort).

In the overall cohort, ALK THC positive cases were
significantly correlated with never-smoker status (P=0.017).
After the comparison between ALK IHC/FISH positive
and ALK THC negative patients, age and smoking status
were significantly associated with ALK FISH status. Finally,
these data were also confirmed in ALK FISH positive
patients when compared to ALK negative ones (P=0.0016
and P=0.001, respectively).

Within the entire patients cohort (1,281 pts), ALK THC
positive patients had a significant better outcome in terms of
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ALK IHC assay
(Clones 5 A4 & D5F3)
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FISH assay l
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(rearranged tumor)

Figure 2 A reasonable algorithm including IHC as prescreening

ALK NECATIVE
(no rearrangement)

test in identification of ALK-positive tumors, limiting FISH
assay in IHC doubtful cases. IHC, immunohistochemistry;
ALK, anaplastic lymphoma kinase; FISH, fluorescent in situ
hybridization.

S-year overall survival (OS) (66.6% versus 54.4%, P=0.012),
relapse free survival (RFS) (57% versus 47.2%, P=0.018)
and time to relapse (T'TR) (68.6% versus 56%, P=0.015).
These data were significant also at the multivariate analysis.

Within the ALK THC matched cohort (240 pts), only
5-yr OS was significantly in favour of ALK IHC positive
status (66.6% versus 57%; HR 0.54, P=0.02). The same
results (5-yr OS: 73.4% versus 47%; HR 0.40, P=0.05)
were reported also for ALK FISH positive patients within
the ALK FISH matched cohort (84 pts).

Double positive (ALK IHC and FISH positive) patients
had the highest probability of survival when compared to
double negative patients (5-yr OS: 73.4% versus 54.4%,
respectively; HR 0.42, P=0.022). Although this is the
largest predominantly European data set to evaluate
clinical outcome of ALK-positive patients with resected
lung adenocarcinoma, the role of ALK positivity as
favourable prognostic factor is still debated. As pointed out
by the authors, there are no prospective data and several
retrospective analyses showed discordant results (9). Finally,
it is likely that the natural course of ALK-positive disease
can be altered by treatment in the ALK inhibitors era (9).

As previously mentioned, the authors reported a good
concordance between THC and FISH testing, with a
sensitivity and specificity for FISH after IHC of 35%
and 100%, respectively. However, if we considered only
samples with ALK THC 2+ and 3+, the positive predictive
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value of ALK THC testing increased up to 81.3% (26/32
samples), with a specificity of 99%. In the study, 13 cases
had discordant IHC and FISH results: 9/13 were IHC 2+
and FISH negative, 2/13 were IHC 3+ and FISH negative
and 2/13 were IHC 1+ and FISH positive.

Among the first nine cases, five was changed in IHC
score (from 2+ to 1+) and the remainders were confirmed
IHC 2+ and classified as RT-PCR positive (1 case), RT-
PCR negative (2 cases) and RT-PCR not diagnostic (1 case).
Among the two cases defined as IHC 3+/FISH negative,
both were confirmed ALK negative by RT-PCR. The last
two cases identified as IHC 1+/FISH positive were RT-
PCR positive (1 case) and RT-PCR negative (1 case, with
FISH positivity of 16%).

The study was well conducted and has confirmed that an
IHC screening might be a reliable large-scale screening tool.
In absence of standard criteria and predictive biomarkers to
select patients for ALK screening, several previous studies
have highlighted the very close concordance between
IHC and FISH results, supporting the algorithmic use of
ALK IHC in the evaluation of NSCLC (6,11-15). Given
the absence of FISH positivity in IHC negative samples,
IHC could become the primary screening tool for ALK-
positive NSCLC, with only IHC 2+ and 3+ cases requiring
confirmation by ALK FISH test. Tumor samples with IHC
1+ expression to retest by FISH should be restricted to cases
with particular features. This pre-screening strategy would
significantly reduce the cost of ALK testing and expedite its
turnaround time. High-sensitivity protocols (particularly
when using the clone D5F3 and OptiView amplification kit)
make IHC entirely comparable to FISH results, basically
not requiring FISH confirmatory testing in negative and
strongly positive (score 3+) cases (16) (Figure 2).

In conclusion, it has been demonstrated that the majority
of patients with ALK-rearranged NSCLC benefit from
crizotinib over chemotherapy (2,17). A part of this molecular
subgroup continues to have an advantage from crizotinib
beyond progression (i.e., cases with asymptomatic or isolated
progression) (18). In presence of systemic progression
at multiple sites, patients might receive ceritinib (19) or
other second-generation ALK inhibitors able to overcome
acquired resistance and to act against brain metastasis (20).

Taken into account these relevant clinical implications
in a very small subgroup of NSCLC patients, specific
predictive biomarkers for screening these patients are
urgently required. IHC may be an effective, rapid and
reproducible pre-screening assay, but this paradigm will be
really effective only if highly sensitive ALK IHC protocols
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are developed and validated as predictive biomarkers for
response to ALK inhibitors in a large patient cohort.
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