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The discovery of ALK rearrangements in non-small cell
lung cancer (NSCLC) and their oncogenic properties by
Soda ez al. in 2007 gave the start to one of the most famous
stories in the treatment of lung cancer (1). Diagnosed in
around 5% of patients with NSCLC, ALK rearrangements
are effectively treated with the ALK-directed tyrosine
kinase inhibitor (ALK-TKI) crizotinib (2,3). Two phase
III trials have demonstrated that crizotinib is superior to
standard chemotherapy in first- and second-line settings,
the objective response rates ranging from 65% to 74%
with median progression-free survivals (PFS) of 7.7 to
10.9 months, and crizotinib is thus currently the standard
of care in advanced ALK-positive NSCLC, in first-line
setting (3). This justifies the search for ALK-rearrangements
in all advanced non-squamous NSCLCs, especially in
adenocarcinomas of cribiform/signet-ring cells subtypes,
non-smoker and young patients (4). Identification of ALK-
positive NSCLCs is based on immunohistochemistry
(antibodies 5A4 Novocastra™ and D5F3 Cell Signaling™),
break-apart fluorescent iz situ hybridization (FISH),
fusion variants specific multiplex RT-PCR, Nanostring
nCounter® technology and targeted RNA-sequencing
assays (5,6). By these latter techniques several variants can
be identified for which prognostic or predictive values
remain to be elucidated.

Nevertheless, individual responses and PFS observed
with crizotinib in clinical trials and in routine practice
are heterogeneous (3,7). Some patients experience a
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progressive disease as best response, others relapse within
a few months after crizotinib initiation, and the last remain
with persistent objective responses after years of treatment.
The inability to achieve a therapeutic concentration of
crizotinib in the central nervous system is probably the
main mechanism of early brain oligometastatic progression
observed in some patients (3). On the other hand, the
molecular mechanisms underlying early diffuse progression
are poorly understood, even if uncommon false positive
ALK diagnosis, lack of observance and pharmacological
interactions may be in cause for a few patients (3). One of
the main hypotheses that have been raised is based on the
different protein stabilities of EML4-ALK fusion variants
products. Indeed, various parts of EML4 that are fused to
ALK in the different variants influence the fusion proteins
stability, inhibitor-induced protein degradation, and drug
sensitivity. Heuckmann ez /. induced the expression of
four different EML4-ALK fusion variants (vl, v2, v3a and
v3b) in a BaF3 cell line model and showed that the cell
line sensitivity to crizotinib and the tool compound ALK-
TKI TAE684 correlated with the expected protein stability
of the EML4-ALK variants (8). EML4-ALK v2 was the
most sensitive to ALK-TKI, EML4-ALK vl and v3b had
intermediate sensitivity and V3a was less sensitive. Until the
recent article of Woo et al. published in Annals of Oncology
accompanying this editorial, these in vitro data suggesting
that ALK rearrangements are not created equal had never
been corroborated by clinical observations (9).

Transi Cancer Res 2017;6(Suppl 2):S270-S275


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2017.03.10

Translational Cancer Research, Vol 6, Suppl 2 March 2017 S271

Table 1 Crizotinib efficacy according to EML4-ALK variants

Study End-point Clinical outcomes according to variants stratification sisgt:i:‘iiziiile Reference

Leiet al. v1 (n=22) v3a/b (n=18) Others (10) (11)
Response rate (%) 72.7 55.6 81 No
Median PFS (mo.) 11 10.9 7.4 No

Yoshida et al. v1 (n=19) Non-v1 (n=16) - (12)
Response rate (%) 74 63 No
Median PFS (mo.) 11.0 4.2 Yes

Chaetal. vl (n=12) v3a/b (n=10) v2 (n=3) (13)
Response rate (%) 50 66.7 100 No
Median PFS (mo.) ~31 ~11 ~6 Yes

Woo et al. vi/v2/others (n=24) v3a/b (n=20) - 9)
Response rate (%) 83.3 75.0 No
2-year PFS rate (%) 76.0 26.4 Yes

PFS, progression free-survival; mo., month.

The authors report the results of a single institution,
retrospective analysis of crizotinib efficacy according to
EML4-ALK fusion variants among a population of 54
Korean patients with ALK-positive advanced NSCLC.
Using a multiplex RT-PCR, the authors identified 28 known
EMI4-ALK variants in tumor samples. An EML4-ALK v3a/
b was identified in 24 cases (44.4%), a vl in 18 (33.3%)
and a v2 in 6 (11.1%). Rare ALK transcripts were detected
in the 6 remaining cases (v7 in one, two new EML4-ALK
variants in two and non-EML4 variants in three). According
to the expected greater instability of EML4-ALK v1 and v2
compared to v3a/b, Woo et 4l. cleverly compared ALK-TKI
efficacy between a v1/v2/others group (n=27) and a v3a/b
group (n=24), excluding from the analysis the non-EML4-
ALK variants. In the 44 patients treated with crizotinib, the
2-year PFS rate was clearly improved in the v1/v2/others
group compared to the v3a/b group (76.0% vs. 26.4%,
P=0.034). After adding the seven patients treated with the
second-generation ALK-TKIs ceritinib or alectinib, the
2-year PFS rate was numerically improved in the v1/v2/
others group compared to the v3a/b group but this did not
reach statistical significance (69.0% vs. 32.7%, P=0.108).
Objective response rates and disease control rates were
slightly superior in the v1/v2/others group, especially
when considering all ALK-TKIs, but with no statistical
significance. In IL-3-dependent Ba/F3 cells that stably
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expressed v1, v2, v3a or v5a, ALK tyrosine kinase activity was
shown to be higher in v3a- and V5a-expressing cells. The
v3a- and v5a-expressing cells were also resistant to crizotinib,
ceritinib and alectinib (IC50 >500nM), as were v3a-expressing
H2228 and v5a-expressing BEAS-2B cell lines, whereas v1-
and v2-expressing cells were sensitive to ALK-TKIs.

To date, this is the first study that supports the notion
that EML4-ALK variants are able to condition the clinical
benefit of ALK-TKIs according to the different stabilities
of the protein products in ALK-positive NSCLC. However,
apparent conflicting data have emerged from the literature
(1able 1). Indeed, a single-institution retrospective study of
35 ALK-positive patients recently published by Yoshida ez al.
suggested that crizotinib was more effective in EML4-ALK
vl versus non-vl variants (12). Apart from the small size of
the cohort studied, the comparison of EML4-ALK v1 versus
non-vl was not supported by any biological rationale. A
careful analysis of the individual PFS provided in this paper
shows that the PFS was always inferior to 5 months in the
four EML4-ALK v3a/b patients, which is indeed lower than
what is expected with crizotinib in ALK-positive NSCLC.
Another retrospective study in 61 ALK-positive patients
showed lower response rates in EML4-ALK v3a/b patients
compared to EML4-ALK v1 but no differences in PFS were
observed (11). Finally, a retrospective study reported clinical
outcomes with crizotinib in 52 ALK-positive patients and
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showed no differences in response rates between EML4-
ALK vl and EML4-ALK v3a/b, but a better PFS in EML4-
ALK v1 compared to EML4-ALK v3a/b (13). Considering
these scarce data available in the literature, the findings
from the paper of Woo et 4l., together with the work from
Heuckmann et 4l., seem to be relevant. Are these new data
strong enough to suggest that ALK rearrangements should
not be considered equal in the clinic?

Some important limitations have to be underlined
in this work (9). First, a selection bias is suspected that
is inherent to the retrospective nature of this study.
From the 182 patients initially diagnosed with an ALK-
rearranged NSCLC, only 54 patients were finally analyzed.
Importantly, 81 samples from patients treated with ALK-
TKI were available and among them, 24 were excluded
because of RT-PCR failure. In numerous studies that report
the frequency distribution of EML4-ALK variants, the vl
is the more common (around 50% of the cases), followed
by v3a/b (around 25%) and v2 (around 10%) (3). The
distribution reported herein shows a predominance of v3a/
b (44.4%) followed by v1 (33.3%) and v2 (11.1%). This
probably does not reflect the distribution in the overall
ALK-positive NSCLC population and therefore questions
the representativity of the cohort that has been analyzed.

Second, the 2-year PFS rate was improved in the v1/
v2/others group compared to the v3a/b group when
considering the 44 patients treated with crizotinib. This
difference did not translate into overall survival (OS), with
stackable curves in the two groups. The authors argued
that this could be due to the low mortality rate and a larger
proportion of patients treated with front-line ALK-TKI in
the v3a/b group. These assumptions are right but can only
partially explain the lack of OS differences. The progression
was defined according to RECIST criteria, as recommended
in clinical trials. However, it is very well known that
RECIST-defined progression is not always a marker of
treatment failure in the field of oncogene-addiction (14). In
ALK-positive NSCLC, oligoprogression as first progression
event is not uncommon and could be effectively treated
with local ablative therapy and continuing ALK-TKI (15).
Continuing crizotinib beyond progression is also a widely
used strategy when a clinical benefit of the treatment is still
observed (7,16). ALK-positive NSCLC patients that could
be managed by this “treatment beyond progression” exhibit
a very good prognosis (7,16). As no data are shown about
the profile of progression, it cannot be excluded that this
subgroup of ALK-positive NSCLC with oligoprogressive
disease and/or treated with crizotinib beyond progressive
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disease is over-represented in the v3a/b group, therefore
explaining the lack of OS differences. Furthermore, no
information was provided about next-generation ALK-
TKI that some patients probably received after crizotinib
failure. Next-generation ALK-TKIs are effective in this
setting, and imbalance of next-generation ALK-TKI
treatment after crizotinib failure favoring the v3a/b group
could also explain the lack of OS differences (3). The 2-year
PES rate improvement in the v1/v2/others group was no
longer observed when the seven patients treated with next-
generation ALK-TKI ceritinib and alectinib were added
to the analysis, rising the hypothesis that the efficacy of
these ALK inhibitors are less impacted by the EML4-ALK
different variants. As ceritinib and alectinib have a better
ALK tyrosine kinase inhibitor activity than crizotinib,
one could postulate that these former drugs inhibit more
effectively v3a/b ALK variants despite a more stable protein
product. However, in vitro experiments reported by Woo
et al. did not support this hypothesis. Interestingly,
preliminary data from ASCEND-1 clinical trial testing
ceritinib after crizotinib failure or in ALK-TKI naive-
patients also suggest that PFS with ceritinib is higher in
vl patdients than in v3 patients (17). More data are needed
to elucidate whether next-generation ALK-TKI affect
differently EML4-ALK variants, or not.

Third, the multiplex RT-PCR assay used to detect the
EML4-ALK variants is not able to distinguish the variant
3a from the variant 3b. In the original study that suggested
the role of different EML4-ALK variants stability in
crizotinib efficacy, v2 was the most sensitive, vl and v3b had
intermediate sensitivities and 3a was the least sensitive to
crizotinib (8). Pooling v1 and v2 variants then v3a and v3b
variants in the same group could be considered somewhat
artificial in regard of these previous results. However,
experiment correlates from the paper of Woo er 4l. suggest
that v1-expressing BEAS-2B cells were more sensitive to
crizotinib than v2- and v3a-variants (9). Unfortunately,
no v3b-expressing BEAS-2B was generated but the
H2228 cell line which contains a v3b variant was resistant
to crizotinib. These results are in line with the clinical
correlates but conflicting with the original study from
Heuckmann et al. (8).

Non-EML4-ALK rearrangements are not detectable with
the assay used by Woo er 4l. 'To date, at least 21 non-EML4
partner genes have been described in NSCLC and very
few data about sensitivity to ALK-TKI in the clinic
are available (7able 2) (1,10,17-30). Partial responses to
crizotinib are commonly reported in clinical cases but
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Table 2 Non-EML4 partner genes in ALK-rearranged in lung cancer and ALK tyrosine kinase inhibitors efficacy in published clinical cases
Crizotinib efficacy Next generation ALK-TKI efficacy
(mo.) survival (mo.)

HIP1 7911.23 PR 5 CR (alectinib) 12 (18)
EIF2AK3 2p11.2 PR 16 PR (ceritinib) 12 ongoing (19)

PR 28 _ (20)
PRKAR1A 17924.2 PR 7 _ (20)
PPM1B 2p21 PR _ _ (20)
FAM179A 2p23.2 PR 12 ongoing _ 21)
COL25A1 4qg25 PR 6 _ @1
KIF5B 10p11.22 _ =7 _ (22)
SPTBNT1 2p16.2 PD _ _ (23)
BIRC6 2p22.3 PR 7 ongoing _ (24,25)
SEC31A 4921.22 unknown unknown (10)
DCTN1 2p13.1 unknown unknown (26)
SQSTM1 5035.3 unknown unknown (26)
KLCA 14g32.3 unknown unknown (27)
PTPN3 9931 unknown unknown (28)
TFG 3q12.2 unknown unknown (29)
CLTC 17923.1 unknown unknown (17,20)
TPR 1931.1 unknown unknown (30)
CRIMA1 2p22.2 unknown unknown (17)
STRN 2p22.2 unknown unknown (17)
PICALM 11g14.2 unknown unknown (25)
CEBP 2pP22.2 unknown unknown (25)

ALK-TKI, ALK tyrosine kinase inhibitors; PR, partial response; CR, complete response; PD, progressive disease. HIP1, huntingtin
interacting protein 1; EIF2AK3, eukaryotic translation initiation factor 2 alpha kinase 3; PRKAR1A, protein kinase CAMP-dependent type
i regulatory subunit alpha; PPM1B, protein phosphatase, Mg2+/Mn2+ dependent 1B; FAM179A, family with sequence similarity 179
member A; COL25A1, collagen type xxv alpha 1 chain; KIF5B, kinesin family member 5B; SPTBN1, spectrin beta, non-erythrocytic 1;
BIRCS6, baculoviral iap repeat containing 6; SEC31A, SEC31 homolog A, copii coat complex component; DCTN1, dynactin subunit 1;
SQSTM1, sequestosome 1; KLC1, kinesin light chain 1; PTPN3, protein tyrosine phosphatase, non-receptor type 3; TFG, TRK-fused
gene; CLTC, clathrin heavy chain; TPR, translocated promoter region, nuclear basket protein; CRIM1, cysteine rich transmembrane BMP
regulator 1; STRN, striatin; PICALM, phosphatidylinositol binding clathrin assembly protein; CEBP, CCAAT/enhancer binding protein beta.

PES are very heterogeneous, ranging from 6 months to
28 months (Tzble 2). In RET-rearranged NSCLC,
differences in vandetanib RET-TKI efficacy has been
shown according to RET rearrangement variants (31).
Responses and PFS were more favorable in CCDC6-RET
than in KIFSB-RET fusion. Despite the fact that these
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kinds of rearrangements are probably uncommon, more
data are needed to evaluate the impact of non-EML4-ALK
rearrangements on ALK-TKI efficacy.

Finally, the findings of Woo et al. raise the question
whether all ALK rearrangements are created equal.
Considering the conflicting results in the literature and the
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limitations that have been highlighted herein, these data
are too preliminary to answer this question and impact our
treatment decision in 4ALK-rearranged NSCLC. However,
this hypothesis should be better elucidated using NGS
technology to explore all variants, including non-EML4-
ALK variants, in a more scalable way than multiplex RT-
PCR. This NGS diagnostic approach should be considered
in clinical trials to enhance the understanding of ALK
variants biology, clinical course and impact in treatment
efficacy and make a step forward in its clinical application as
a relevant predictive biomarker.
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