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Non-small cell lung cancers (NSCLC) harboring molecular
oncogenic activations (e.g., EGFR, MET, BRAF mutations,
ALK, ROS1I fusions) represent a peculiar subgroup of
disease. Indeed, the availability of targeted agents deeply
impacts on the prognosis of patients suffering from these
tumors. Moreover, the sequential administration of specific
inhibitors allows more and more prolonged survival (1-5).
Besides EGFR-driven lung cancers, depending on the
detection of T790M mutation to switch to osimertinib
when resistance to first-line targeted therapy occurs, ALK-
positive disease is an emblematic example of the clinical
success of sequential inhibitors (6).

Three generations of ALK inhibitors are currently
available in the clinical practice: crizotinib belongs to
the first, ceritinib, alectinib and brigatinib to the second,
lorlatinib to the third generation, with additional inhibitors in
development (e.g., ensartinib, entrectinib, repotrectinib) (7).
Clinical progression relies on the acquisition of resistance by
cancer cells and moving to a novel-generation agent usually
allows disease regression, thus ending-up in prolonging
survivals. This “multi-step” succession of sensibility and
resistance to sequential ALK inhibitors is sustained by
complex molecular mechanisms. These latter encompass
pharmacokinetics issues (explaining the improved activity
on brain metastases exerted by novel inhibitors), genetic,
functional and phenotypic adaptations of cancer cells.

In the last years, a significant amount of preclinical
evidence has been combined with the clinical development
of ALK inhibitors. In this complex translational scenario,
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the contribution of the group from Massachusetts General
Hospital led by Jeffrey Engelman and Alice Shaw has been
essential in associating preclinical experiences with clinical
hints. This relevant szga began with the translational
approach to ALK-positive NSCLC patients progressing
under crizotinib (8), included then a systematic study
of crizotinib resistance combined with the mechanistic
demonstration of ceritinib activity (9). After contributing
to the documentation of lorlatinib proprieties (10), an
extensive work recapitulated the differential mechanisms
of resistance to the diverse inhibitors, bringing to light
potential and limits of each of them (11).

In the last (so far) chapter of the szgz, Yoda and collaborators
provided an impressive contribution to the understanding of
resistance to lorlatinib (12), retracing the molecular events
responsible of it. This piece of translational evidence is of
pivotal importance for two main clinical reasons. (I) In the
current practice, lorlatinib figures as the last valid targeted
option to be administered to patients who have progressed
under previous ALK inhibitors, in the traditional sequential
treatment strategy. Its activity against a wide spectrum of ALK
resistance mutations and its outstanding brain penetration
are the main elements explaining its crucial role in this
setting (5,10,13). (I) The clinical practice is moving towards
the positioning of novel-generation inhibitors early in the
treatment history (i.e., in first line, as exemplified by alectinib
results in this setting) (14-16). The molecular hints derived
by the work by Yoda support (and contribute to explain) this
attitude, ready to be adopted in daily care.
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Therefore, this relevant contribution deserves to be
commented and mentioned.

Firstly, authors performed an accelerated mutagenesis
screening of Ba/F3 cells expressing EML4-ALK, exposing
them to N-ethyl-N-nitrosourea (ENU). This represents a
common procedure to make point mutations emerge. The
following exposure to ALK inhibitors is the key moment
to detect which mutations confer differential resistance to
the drugs, as the clones out-growing in the presence of a
specific drug are indeed the resistant ones and they deserve
to be studied. In this case, ALK gene sequencing allows the
identification of the nucleotide substitution engendered by
ENU that explain resistance.

As nearly half of crizotinib resistance depends on the
onset of ALK point mutations (the proportion increases
with subsequent inhibitors) (11), even before being exposed
to ENU, Ba/F3 cells were engineered to harbored either
a wild-type (ALK W) or a ALK gene mutated in known
clinically-detected hotspots (ALK MUT). This stratagem
recapitulates indeed what does happen in the clinical setting,
the two status of ALK gene simulating a pre-crizotinib (ALK
WT) and a post-crizotinib/pre-novel-generation inhibitor
(ALK MUT), respectively. The following exposure to the
known array of ALK inhibitors fostered the emergence of a
peculiar spectrum of ALK mutations conferring differential
resistance. Besides confirming the single substitutions
engendering resistance to first- and second-generation
agents, the most relevant findings concerned lorlatinib.
When ALK WT Ba/F3 cells indeed were exposed to the
latter drug, no resistance mutation elicited by the previous
exposure to ENU substantially emerge, as predictable since
the broad activity of lorlatinib against every known single
ALK mutant known so far (10-12). Similarly, the treatment
ALK-positive cell lines or tumor-bearing mice with “first-
line” lorlatinib eventually gave rise to resistant cells. No
ALK mutations were detected at this time-point, entailing a
molecular bypass or a phenotype modification was involved
in resistance, in line with the thorough on-target activity of
lorlatinib (10,11).

On the contrary, when ALK MUT Ba/F3 were exposed
to lorlatinib, resistance clones did emerge and, invariably,
harbored compound (i.e., multiple) ALK mutations on the
same allele. Dose-response experiments and western blot
analyses performed with three Ba/F3 models of compound
mutations (ALKGIZOZR/LII()GNI, ALKGIZOZR/LIIQSF’ ALKL]I()&M/LIIQSF)
confirmed the lack of activity of second- and third-generation
inhibitors. Instead, as previously shown by the same group in
the first emblematic clinical-translational report of lorlatinib

© Chinese Clinical Oncology. All rights reserved.

Facchinetti and Tiseo. Lorlatinib resistance in ALK-positive NSCLC

resistance (17), double mutants harboring L1198F mutation
paradoxically re-acquire crizotinib sensitivity.

As usual in their studies, authors sustain the clinical
utility of their preclinical hints by means of samples derived
from patients and recapitulating the conditions explored
in vitro. The biopsies of 20 patients obtained at progression
under lorlatinib (when administered after previous
inhibitors) were indeed analyzed and the hypotheses
generated in “on the bench” were confirmed.

Clinical samples allow to conclude that:

()  primary resistance to lorlatinib is mediated by off-
target mechanisms (e.g., alternative by-pass tracks
activations), explaining resistance to the last pre-
lorlatinib agent too. No ALK mutation is indeed
detected in this setting.

(II) In the case of acquired resistance to lorlatinib,
when ALK mutations are involved, compound (and
no single) mutations are detected.

(IIT) In the specimens corresponding to acquired
lorlatinib resistance lacking ALK compound
mutations, putative by-pass activation have been
proposed (namely, MAP3K1 and NRAS""
mutations). The potential impact of TP53
mutations [recently reported as negative prognostic
factors in ALK-positive NSCLC patients (18)]
cannot be further scrutinized, as no notion of their
presence even before loratinib administration is
available and considering the intrinsic diversity of
each TP53 mutation (19).

In addition, bioinformatics approach to the whole exome
sequencing (WES) analyses of three patients’ samples,
obtained at baseline and after the occurrence of acquired
resistance to sequential ALK inhibitors, allowed to trace
the clonal steps that led to the acquisition of compound
mutations responsible of lorlatinib resistance. Finally, an
extensive structural explanation of the differential ways
compound mutations act in overruling lorlatinib efficacy
is provided and represents a relevant tool for the chemical
design of putative novel inhibitors.

As anticipated, we deeply believe Yoda and colleagues
provide a significant amount of preclinical proofs with
critical clinical reverberations. The limitation to their
study, admitted by the authors, is the potential factitious
results emerging from ENU mutagenesis (followed by drug
exposure), an artificial way to prompt the development of a
preferential range of nucleotide substitutions. Nevertheless,
the results obtained by this initial experiment have been
corroborated by the confirmation of drug sensibility assays
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and, more importantly, the documentation of overlapping
compound mutations in the post-lorlatinib clinical samples.
Of note, the large majority of mutations (or at least codons)
detected starting with ENU screening had been previously
reported as clinically relevant in terms of conferring
resistance to differential ALK inhibitors (11,20-23), or at
least to increase on kinase activity (24,25). In this sense
therefore, ENU screening followed by drug exposure gives
rise to single and compound mutations occurring in known
ALK hotspots and with clinical relevance.

The present paper expressly focuses on on-target
mechanisms of resistance to ALK inhibitors and specifically
to lorlatinib, together with pointing out the relevance of
by-pass activation in explaining resistance to the third-
generation agent. By-pass tracks had nevertheless been
the focus of a pivotal work from the same group, focused
on a wide drug screen designed to overcome acquired
resistance in multiple models (26). In the current study, the
documentation of ALK compound mutations conferring
lorlatinib resistance, emerging exclusively after sequential
exposure to other agents, is flanked by dramatically
important clinical insights. Compound mutations appear
difficult to reconvert to sensibility to one among the known
ALK inhibitors (with the exception of complex substitutions
including codon L1198, suitable of crizotinib inhibition).
The potential role of emerging agents such as repotrectinib
(TPX-0005) (27), able to overcome the highly recalcitrant
ROS1%***® mutation (28,29), in suppressing compound
mutations is still to be proven in vitro and in vivo.

In this sense, the best molecular treatment strategy may
be the one that prevents the emergence of ALK resistance
mutations (either single or compound), that implies the
administration of first-line lorlatinib, whose preclinical
proofs are particularly sound, as shown before (10)
and in the work here commented (12). This approach is
currently under evaluation in a dedicated phase III clinical
trial comparing first-line crizotinib versus lorlatinib
(NCT03052608). In this sense, the anticipation of more
potent, better brain-penetrating ALK (and EGFR)
inhibitors at the beginning of disease history figures
among the most relevant breakthrough of 2017 (14,15,30).
The strategy of administering alectinib and switching to
lorlatinib at progression is now being applied in clinical
practice. Providing the third-generation inhibitor up-front
seems even more attractive for the reasons presented by
Yoda and colleagues. Nevertheless a formal, randomized
clinical demonstration of such a “tempting speculation
upon preclinical data” (as paraphrased from the authors,
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a speculation we share) may be not easily accessible.
Projecting overall survival data in a sequential-treatments
arm (alectinib-lorlatinib) compared with the lorlatinib
one may indeed hamper the clinical interpretation of the
obtained results (16).

The major concern the authors underlie with regard to
lorlatinib is the onset of bypass-mediated resistance and we
share with them the urgency of finding solution to preempt
it. Will it be a good subject for the next chapter of the szga?
We really hope so.
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