
ALK INHIBITORS, RESISTANCE DEVELOPMENT, CLINICAL TRIALS, Rothenstein and Chooback

S59Current Oncology, Vol. 25, Supp. 1, June 2018 © 2018 Multimed Inc.

REVIEW ARTICLE

ALK inhibitors, resistance development, 
clinical trials
J.M. Rothenstein md* and N. Chooback md†

ABSTRACT

The treatment of advanced non-small-cell lung cancer (nsclc) has undergone a paradigm shift since the early 2000s. 
The identification of molecular subtypes of the disease, based on oncogenic drivers, has led to the development of 
personalized medicine and the ability to deliver molecularly targeted therapies to patients. In the 10 years that have 
elapsed since the discovery of the ALK gene in a patient with nsclc, several active drugs have moved rapidly from 
bench to bedside, and multiple others are currently in clinical trials. Those developments have led to important 
improvements in patient outcomes, while simultaneously raising key questions about the optimal treatment for 
ALK-positive nsclc. The inevitable emergence of resistance to alk-directed therapy is central to ongoing research 
and daily clinical practice for affected patients. In the present review, we highlight the current treatment landscape, 
the available and emerging clinical trials, and the evolving clinical decision-making in ALK-positive nsclc, with a 
focus on Canadian practice.
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INTRODUCTION

In 2007, Soda et al.1 first identified the EML4–ALK (echino-
derm microtubule–associated protein 4) fusion oncogene 
in a patient with non-small-cell lung cancer (nsclc). That 
fusion is the result of an inversion in the short arm of chro-
mosome 2, juxtaposing the N terminal of the EML4 gene’s 
promoter and the kinase domain of the ALK gene. After 
formation of the EML4-ALK fusion, the EML4 fusion partner 
mediates ligand-independent activation of alk and consti-
tutive kinase activity, leading to proliferation and survival 
of the cancer cells responsible for 3%–7% of nsclcs2.

Nature, it turns out, is not without a sense of irony. The 
same unruly behaviour that gives the fusion its proliferative 
power is also its Achilles’ heel, rendering it susceptible to 
targeted inhibition3. The prognostic significance of ALK 
rearrangements in nsclc is unclear, but the identification 
of the fusion protein opens the door to targeted therapies, 
changing the natural history of the disease4.

TESTING FOR ALK IN ADVANCED NSCLC

Patients with ALK-positive nsclc have unique clinical and 
pathologic characteristics. Those characteristics include 
young age, never or light smoking history, adenocarcinoma 

histology, and the presence of signet-ring cells5. Re-
arrangements of ALK are typically mutually exclusive of 
other oncogenic drivers6. Although it might be more cost- 
effective to try to enrich the population of nsclc patients 
likely to test positive, a significant number of patients will 
be missed, denying them the benefits of ALK-directed 
therapies. Current international guidelines recommend 
ALK testing for all patients with nsclc having an adeno-
carcinoma component7.

The optimal situation for biomarker testing in ad-
vanced nsclc is reflex testing at initial diagnosis. That 
approach has been demonstrated to be feasible in Canadian 
practice, improving the time to the start of first-line therapy 
in patients with advanced nsclc8. In the initial studies of 
ALK-positive nsclc, fish (fluorescence in situ hybridiza-
tion) testing was the standard method for detecting ALK 
rearrangements9. Although initially considered the “gold 
standard,” fish is a cumbersome and expensive test; other 
screening methods such as immunohistochemistry and 
next-generation sequencing have thus been explored10. 
The calk study was pivotal in implementing ALK testing 
in Canada through the optimization and standardization 
of laboratory-developed ALK immunohistochemistry and 
fish tests in 14 hospitals, enabling testing for ALK on a 
national scale with immunohistochemistry as a screen11.
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CURRENTLY APPROVED THERAPIES IN CANADA

The urgency for devising a national approach to ALK 
testing and its funding was a direct response to the rapid 
advancement of personalized cancer therapy across the 
world. As alk inhibitors were approved by international 
bodies, Health Canada approvals followed. Drug availabil-
ity necessitated a standardized approach to patient identi-
fication. Currently, 3 alk inhibitors—crizotinib, ceritinib, 
and alectinib—have been approved by both Health Canada 
and the U.S. Food and Drug Administration (fda). A 4th, 
brigatinib, recently received fda approval and is currently 
under review by Health Canada.

Obtaining government funding for new treatments in 
the era of biomarker-directed therapy poses several chal-
lenges. Given the relatively low frequency of many oncogenic 
drivers, including ALK, large phase iii studies targeting 
those smaller subgroups of nsclc patients are more difficult 
to conduct. Those difficulties challenge clinicians and pay-
ers alike, in terms of identifying appropriate clinical trial 
endpoints and defining the level of evidence required to 
prove superiority to current standards of care, especially in 
comparisons with chemotherapy. The other obvious barrier 
to funding is the high cost of these effective, yet expensive, 
medications. For years, even with Health Canada approvals 
for next-generation alk inhibitors, crizotinib was the only 
funded line of alk-directed therapy for Canadian patients. 
Despite the lower frequency of ALK-positive nsclc, the 
enormousness of the global lung cancer epidemic means 
that this patient population is still larger than that for many 
other diseases. Clinicians, patients, and their families are 
all acutely aware of the need for and clinical benefit of 
next-generation alk inhibitors. Currently, those agents 
are being accessed in Canada through compassionate 
programs, private insurance, or clinical trials.

Crizotinib
The first-in-class small-molecule oral tyrosine kinase in-
hibitor (tki) crizotinib was developed initially as a c-Met 
inhibitor, but it also targets alk, ros1, and met12. The fda 
granted accelerated approval to this first-generation alk 
inhibitor in 2011 based on promising data from phase i 
(profile 10019) and ii (profile 100513) trials that demon-
strated significant (approximately 60%) objective response 
rates (orrs) and improvements (approximately 8 months) 
in median progression-free survival (mpfs) in often heav-
ily pretreated ALK-positive patients. Based on those data, 
crizotinib received a conditional notice of compliance from 
Health Canada in April 2012.

Two subsequent randomized phase iii studies com-
pared crizotinib with standard chemotherapy, leading to 
full approval for crizotinib and, until recently, position-
ing it as the “gold standard” for the first-line treatment 
of ALK-positive nsclc. The profile 100714 study of ALK- 
positive patients who had progressed on standard first-
line platinum-based doublets randomized participants to 
crizotinib or to the standard-of-care chemotherapy with 
pemetrexed or docetaxel. Consistent with the phase ii study 
data, crizotinib demonstrated impressive results in the 
comparison with chemotherapy, showing improvements 
in orr (65% vs. 20%) and pfs [hazard ratio (hr): 0.49; 7.7 

months vs. 3 months]. Then, in profile 101415, crizotinib 
was compared with platinum–pemetrexed chemotherapy 
in ALK-positive treatment-naïve patients. Once again, com-
pared with chemotherapy, crizotinib was associated with 
improvements in orr (74% vs. 45%), mpfs (hr: 0.45; 10.9 
months vs. 7 months), and importantly, quality of life. No 
differences in overall survival (os) were seen, presumably 
because of crossover16.

NEXT GENERATION ALK INHIBITORS

With alk-directed therapy becoming a new standard of 
care, the challenge of overcoming the inevitable develop-
ment of resistance arose. Next-generation alk inhibitors 
were designed to be more potent against alk, to overcome 
crizotinib-associated resistance mutations, and to improve 
activity in the central nervous system (cns). In series of 
patients treated sequentially with first-line crizotinib 
followed by a second-generation alk inhibitor, durable 
benefits were evident, with a mpfs of approximately 18 
months and a median os exceeding 4 years17,18.

Ceritinib
Ceritinib was the first next-generation inhibitor to show 
benefit in treating crizotinib-resistant ALK-positive nsclc.  
Compared with crizotinib, ceritinib has 20 times the po-
tency for inhibiting alk, and cell-line studies of biopsies 
from patients who had developed crizotinib resistance 
indicate that ceritinib is a potent inhibitor of some of 
the resistance mutations found19. Ceritinib was granted  
accelerated fda approval in April 2014 and Health Canada 
approval in March 2015.

Updated results from the phase i ascend-1 trial  
reported orrs of 56% in patients pretreated with an alk 
inhibitor20. Interestingly, responses were seen both in 
patients with identified resistance mutations to crizotinib 
and in patients in whom no mechanism of resistance was 
identified (discussed in more detail later in this review). 
The single-arm phase ii ascend-2 study enrolled patients 
who had progressed on both crizotinib and chemotherapy, 
showing robust responses in patients with and without 
brain metastasis21. In the phase iii ascend-5 trial22, patients 
who had progressed on both crizotinib and platinum-based 
chemotherapy were randomized to ceritinib or to chemo-
therapy, with ceritinib treatment being associated with 
improvements in orr (39% vs. 7%) and mpfs (hr: 0.49; 5.4 
months vs. 1.6 months). The foregoing results highlight the 
superiority of alk-directed therapy compared with chemo-
therapy in crizotinib-resistant patients who have already 
received platinum-based chemotherapy; they also raise the 
question of the optimal role and timing for chemotherapy 
in those patients.

Ceritinib has also demonstrated activity in alk- 
inhibitor-naïve patients. In ascend-1, such patients ex-
perienced an orr of 72% and a pfs of 18.4 months19. In 
ascend-3, a single-arm phase ii study in this population, 
the orr was 64%, and the pfs was also 18.4 months. Impor-
tantly, patients who had brain lesions at study enrolment 
and who had received no prior brain radiotherapy (18.5% 
of patients), showed intracranial responses that matched 
or exceeded the whole-body response23.
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Observed ceritinib activity in both crizotinib-resistant 
and -naïve patients led to the ascend-4 study looking at 
a potential role for ceritinib in first-line therapy24. That 
phase iii study compared ceritinib with chemotherapy 
in untreated ALK-rearranged nsclc and was positive for 
improvements favouring ceritinib in orr (72% vs. 27%) 
and mpfs (hr: 0.55; 16.6 months vs. 8.1 months). In a rel-
atively small number of patients with measurable brain 
metastases, the intracranial response rate was 72% in 
ceritinib-treated patients. Yet despite that activity, the 
mpfs for patients with brain metastases was shorter than 
that for patients without brain metastases (10.7 months 
vs. 26.3 months), highlighting the challenge in managing 
such patients.

Alectinib
Alectinib is another highly selective alk inhibitor that 
has activity against crizotinib-resistant ALK mutations25. 
One unique feature of alectinib is that it is not a substrate 
for P-glycoprotein, which is implicated as a mechanism of 
cns resistance in patients taking crizotinib. Alectinib was 
granted accelerated fda approval in December 2015 and 
Health Canada approval in September 2016.

The first global approval for alectinib was granted in 
Japan, based on results of the phase i/ii AF-001JP study, 
which examined ALK-positive crizotinib-naïve patients. In 
46 patients treated with alectinib, the orr was 94%, with 
an updated 4-year pfs of 52% and an os of 70%26,27.

In crizotinib-resistant patients, alectinib was as-
sessed in two single-arm phase ii studies: a global phase ii 
study (NP28673)28 enrolled patients from 16 countries, 
and a North American phase ii study (NP28761)29 enrolled 
patients from the United States and Canada. A pooled 
analysis confirmed robust activity, with a systemic orr 
of 51% and a mpfs of 8.3 months30. The cns efficacy of 
alectinib was demonstrated in another pooled analysis 
of the same two studies, in which 60% of the patients had 
brain metastases. For patients with baseline measureable 
disease, the cns orr was 64%, and the median duration 
of response was 10.8 months31. Although those results are 
impressive, one of the challenges in cross-trial compar-
isons and interpretation of cns outcomes is the hetero-
geneity of patients with brain metastases (measurable 
versus non-measurable disease, and whether patients had 
previously received radiotherapy treatment).

Alectinib activity in treatment-naïve and -resistant 
patients and impressive cns responses provide the ration-
ale for testing alectinib in the first-line setting for ALK- 
positive patients. Two randomized phase iii studies com-
pared alectinib with crizotinib: j-alex, conducted in Japan, 
used a dose of 300 mg twice daily; and alex, conducted 
globally, used a dose of 600 mg twice daily. The initial 
data from j-alex demonstrated superiority for alectinib 
compared with crizotinib in terms of pfs [hr: 0.34; 99.7% 
confidence interval (ci): 0.17 to 0.71; p < 0.001]. The mpfs 
was not reached (95% ci: 20.3 months to not estimable) in 
the alectinib arm; it was 10.2 months (95% ci: 8.2 months 
to 12.0 months) in the crizotinib arm32. The alex study 
confirmed the superior efficacy and lower toxicity of alec-
tinib compared with crizotinib in the primary treatment 
of ALK-positive nsclc33. Investigator-assessed pfs favoured 

alectinib over crizotinib, with a hr for disease progression 
or death of 0.47 (95% ci: 0.34 to 0.65); the independent 
review committee–assessed pfs also favoured alectinib, 
at 25.7 months (95% ci: 19.9 months to not estimable) 
compared with 10.4 months for crizotinib treatment (95% 
ci: 7.7 months to 14.6 months).

Alectinib was especially active in the cns: a cns progres-
sion event was observed in only 12% of patients in the alec-
tinib group compared with 45% of patients in the crizotinib 
group (cause-specific hr: 0.16; 95% ci: 0.10 to 0.28; p < 0.001). 
In patients with measureable and non-measurable cns dis-
ease at baseline, the cns response rate favoured alectinib 
(59%; 95% ci: 46% to 71%) over crizotinib (26%; 95% ci: 15% 
to 39%). In terms of systemic response, the response rate was 
82.9% for alectinib compared with 75.5% for crizotinib (p = 
0.09), and the duration of response was longer with alectinib 
than with crizotinib, with the median duration of response 
being not estimable (95% ci: not estimable) compared with 
11.1 months (95% ci: 7.9 months to 13 months). Grades 3–5 
adverse events were less frequent with alectinib (41%) than 
with crizotinib (50%), as were rates of dose reduction, inter-
ruption, and discontinuation.

PRACTICAL MANAGEMENT OF SIDE EFFECTS

Given the lower frequency of ALK rearrangements in the 
broader population of patients with nsclc, the numbers of 
such patients might be limited in many clinical practices. 
Management of patients taking crizotinib and alectinib 
has been reviewed elsewhere34 and is beyond the scope of 
our review. Managing the adverse events arising from alk 
inhibition in these patients is key, especially considering 
that patients will be taking these agents for many months 
or even years. That management landscape thus highlights 
the need for ongoing education of the multidisciplinary 
team and of the patients themselves.

Treatment with ceritinib provides an important ex-
ample of those education needs. At the starting dose of 
750 mg, patients in the ascend-4 trial frequently required 
dose interruptions or reductions because of gastrointes-
tinal toxicity or elevated liver enzymes. Nevertheless, the 
discontinuation rate in the study was quite low at 5%, 
reflecting the ability of practitioners to manage toxicities 
and modify dosing. The ascend-8 trial demonstrated that 
ceritinib 450 mg taken with food resulted in similar systemic 
exposure and a more favourable gastrointestinal safety 
profile than ceritinib 750 mg taken by fasting patients. 
Efficacy and long-term safety analyses are ongoing35. The 
resulting information will help clinicians to optimally 
manage patients taking ceritinib. Similarly, brigatinib, 
which recently received fda approval, has unique early 
pulmonary toxicity with a median time to onset of 2 days. 
Because grades 3 and 4 reactions occurred in roughly 3% 
of patients, clinicians must monitor carefully for any new 
or worsening respiratory symptoms36.

OPTIMAL FIRST-LINE THERAPY

The treatment of ALK-positive nsclc is a perfect example of 
rapid changes in data outpacing guidelines and regulatory 
approvals. The dramatic benefit seen in the alex trial for the 
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first-line use of alectinib in ALK-positive patients highlights 
that situation. Although crizotinib currently remains the 
standard first-line option in many guidelines and is the 
alk inhibitor that is funded in that setting in Canadian 
practice, a rapid shift to alectinib is expected, with uptake 
determined by access to and funding of the drug.

Until recently, the algorithm for treating ALK-positive 
nsclc called for sequential treatment with first-line crizo-
tinib, followed by a next-generation alk inhibitor. That 
approach has been associated with long-term disease 
control and impressive survival16,17.

The efficacy of the next-generation alk inhibitors and 
their improved cns penetration make them attractive op-
tions to consider in the first-line setting. Moreover, given 
that a significant proportion of patients who progress on 
first-line therapy do not go on to receive a subsequent line 
of therapy, the idea of giving “the best drug first” resonates 
in that setting, given the development of the more potent 
next-generation inhibitors.

The ascend-4 trial of ceritinib compared with che-
motherapy in the first-line setting was initiated shortly 
before crizotinib became the standard of care. The positive 
results from ascend-4 reinforce the importance of treat-
ing ALK-positive patients with alk-directed therapy and 
provide another potential option in the first-line setting23. 
Although ceritinib proved to be better than chemotherapy, 
the ascend-4 study does not reveal anything about the 
relative efficacies of ceritinib and crizotinib.

A subsequent group of studies—including the afore-
mentioned j-alex and alex trials testing alectinib, and ongo-
ing studies of brigatinib [alta-1l (see NCT02737501 at http://
ClinicalTrials.gov)], ensartinib [exalt3 (NCT02767804)], and 
lorlatinib [crown (NCT03052608)] as discussed in the next 
section—are comparing next-generation alk inhibitors 
with crizotinib. The question of the optimal sequence of 
therapies might not be fully answered by those studies. 
When looking at the “sprint” (that is, first-line therapy), the 
next-generation alk inhibitors are likely to prove superior 
to crizotinib, much as was demonstrated in alex. In the 
absence of head-to-head studies, reliance on cross-trial 
comparisons will be required to try to answer the question 
about the “best” first-line alk inhibitor. Another important 
question addresses the “marathon” (that is, the patient 
journey through sequential lines of therapy in nsclc), in 
which understanding how the selection of first-line therapy 
influences subsequent treatment options and outcomes. An 
additional issue to be addressed is whether certain patient 
subgroups are better suited for different approaches. For 
example, there is a need for a further understanding of how 
various ALK variants respond to treatment. The proposed 
(and long awaited) “ALK Master Protocol” would be valuable 
in answering some of those questions.

THERAPIES IN DEVELOPMENT

The goal of enhancing inhibitory activity against alk and 
overcoming the inevitable development of drug resistance 
continues to fuel the emergence of newer alk inhibitors. 
Many alk inhibitors are currently in development, the 
most noteworthy being brigatinib, lorlatinib, entrectinib, 
and ensartinib.

Brigatinib
Brigatinib is a highly selective and potent alk inhibitor 
that demonstrates substantial preclinical activity in 
overcoming ALK resistance mutations37. The randomized 
phase ii alta study evaluated two doses of brigatinib 
(90 mg or 180 mg daily after a 90 mg lead-in for 7 days) in 
patients experiencing progressive disease on crizotinib. 
In the most recent update, a trend toward better outcomes 
was observed for the 180 mg arm compared with the 90 mg 
arm. At the (recommended) 180 mg dose, the orr was 
55%, with a median pfs of 16.7 months. In patients with 
brain metastases receiving that dose, the intracranial 
objective response was 67%, with a median duration of 
response of 16.6 months. Based on those data, the fda 
approved brigatinib in April 2017 at a recommended dose 
of 90 mg for 7 days, followed by 180 mg daily. The first-line 
phase iii alta-1l study started enrolment in April 2016 
and is ongoing.

Lorlatinib
Lorlatinib is a selective brain-penetrant alk/ros1 tki, 
active against most known resistance mutations. In 
preclinical studies, lorlat inib demonstrated, com-
pared with crizotinib, higher inhibition of wild-type 
EML4-ALK by a factor of 10, and higher inhibition of 
the L1196M gatekeeper resistance mutation by a factor 
of 40. Its activity against ALK kinase resistance muta-
tions includes the highly resistant G1202R mutation38 
(further discussed later in this section). The recom-
mended phase ii dose was 100 mg daily. The phase ii 
study has enrolled 227 patients into 6 experimental 
cohorts and is demonstrating clinically meaningful 
activity, including substantial intracranial efficacy, in 
ALK-positive patients who were either treatment-naïve 
or for whom 1 or more prior alk tkis had failed39. That 
clinical benefit, seen even in heavily pretreated patients, 
makes lorlatinib a potential future option for overcoming 
resistance in patients who progress on next-generation 
alk inhibitors. The phase iii crown study—a compari-
son of crizotinib with lorlatinib in first-line therapy—is 
currently enrolling patients.

Entrectinib
Entrectinib is a potent inhibitor of ntrk, ros1, and alk  
fusions. In a phase i basket study involving treatment- 
naïve patients, it demonstrated significant responses in 
NTRK-, ROS1-, and ALK-positive patients. The orr for the 
ALK-positive group was 57%, comparable to that with 
crizotinib40. Entrectinib is being further investigated in the 
startrk-2 study, a phase ii basket trial (see NCT02568267 
at http://ClinicalTrials.gov).

Ensartinib
Preclinical data for ensartinib demonstrated the poten-
tial to overcome resistance to crizotinib with good cns 
penetration. In a phase i/ii study, ensartinib showed 
activity in crizotinib-naïve patients, crizotinib-resistant  
patients, and patients with brain metastases41. The 
ex a lt 3 st udy is a n ongoi ng ra ndom i zed phase i i i 
study comparing ensartinib with crizotinib in first- 
line therapy36.

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://ClinicalTrials.gov
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OVERCOMING ACQUIRED RESISTANCE TO 
ALK TKIS

First-line alk-targeted therapy often yields impressive 
responses, but acquired resistance invariably develops. 
Currently, therapy is at a crossroads, where we find two 
groups of ALK-positive patients who progress on first-line 
therapy: those who were treated with first-line crizotinib, 
and those who received first-line alectinib. Although those 
groups share some commonalities, the challenges and the 
approach to overcoming acquired resistance will differ.

Overcoming Specific Clinical Patterns of Resistance
For many patients, disease progression will involve mul-
tiple sites. In others, distinct patterns of progression have 
been identified, including isolated cns progression in the 
setting of controlled extracranial disease, and extracranial 
oligoprogression. Tailoring treatment to the specific patient 
will help to optimize long-term outcomes (Figure 1).

The patterns of resistance dictate the need for new 
collaboration and education within the multidisciplinary 
team. In the setting of generalized progression, an under-
standing of the underlying molecular mechanism of resis-
tance is evolving as a key to decision-making and clinical 
management, highlighting the role of the pathologist. The 
important role for the radiotherapy team in treating cns 
progression and extracranial oligoprogression affirms 
the need for strong partnerships and multidisciplinary 
discussion in the clinic.

Isolated CNS progression
At roughly 20%–30%, the incidence of synchronous brain 
metastasis is similar in ALK-positive patients and in others 

with advanced nsclc42. Survival improvements resulting 
from ALK-directed therapies mean that patients are at 
greater risk of developing brain metastasis later in their 
disease course43. In the crizotinib era, poor cns penetration 
and drug efflux by P-glycoprotein meant that the brain was 
seen as a sanctuary site. Not surprisingly, for patients with 
untreated brain metastases, a pooled analysis of crizotinib 
in profile 1005 and profile 1007 indicated that systemic 
efficacy was greater than intracranial efficacy in terms both 
of orr (53% vs. 18%) and median time to progression (12.5 
months vs. 7 months)44. In profile 1014, which included 
patients with treated brain metastases, a nonsignificant 
trend toward improved intracranial time to progression 
was observed for crizotinib compared with chemotherapy45. 
In the alex study, the cumulative incidence of cns progres-
sion at 12 months was 9.4% for alectinib compared with 
41.4% for crizotinib. Those data highlight the challenge of 
overcoming cns progression in crizotinib-treated patients. 
In patients treated with first-line alectinib, an assessment 
of the patterns of cns progression requires longer follow-up 
from alex. Treating this group of patients who experience 
progression in the brain while on a next-generation alk 
inhibitor will be a new challenge.

When cns progression occurs with ongoing extracranial 
disease control, an approach of locally ablative therapy 
with radiotherapy to control cns disease might be possi-
ble, allowing for continuation of targeted therapy beyond 
progression. In a retrospective single-institution study of 
EGFR- and ALK-positive patients treated with local therapy 
for cns progression, the latter strategy was associated with 
a median time to next progression exceeding 7 months46. 
In profile 1014, the median duration of treatment with 
crizotinib beyond cns progression was 20.4 weeks15.

FIGURE 1 Current approach to managing ALK-positive non-small-cell lung cancer (NSCLC) in Canada. Crizotinib is still (for now) the standard 
first-line therapy for ALK-positive NSCLC. Distinct clinical patterns of resistance have been identified, highlighting the importance of multidis-
ciplinary collaboration, particularly for patients with isolated central nervous system (CNS) progression. For patients with systemic progression, 
treatment with a next-generation ALK inhibitor is the standard of care. On subsequent progression, biopsy to determine molecular mechanisms of 
resistance is not routinely available and treatment is empirically selected. SRS = stereotactic radiosurgery.
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Local treatment strategies for brain metastases 
include whole-brain radiotherapy (wbrt), stereotactic 
radiosurgery, and surgical resection—either alone or in 
combination. In a series of ALK-positive patients with brain 
metastases, median os was approximately 4 years47. Given 
the long-term sequelae of wbrt, stereotactic radiosurgery 
is the preferred treatment strategy for many patients, with-
holding wbrt until absolutely necessary.

The development of next-generation alk inhibitors 
associated with cns penetration and an ability to achieve 
meaningful cns responses changes the paradigm for the 
treatment of brain metastases. In the past, strategies for 
managing brain metastases relied heavily on radiother-
apy. Next-generation alk inhibitors provide a new option 
for care in patients with cns progression, especially those 
who might otherwise be candidates for wbrt. In patients 
treated with first-line crizotinib, high intracranial response 
rates to next-generation alk inhibitors make those agents 
an important consideration. For patients in whom first-line 
alectinib fails, the data for intracranial response to current-
ly available next-generation alk inhibitors is less robust. In 
the phase ii study of lorlatinib 39, an intracranial response 
rate of 48% was seen even in heavily pretreated patients 
(also see NCT02568267 at http://ClinicalTrials.gov).

An approach to treating brain metastases in the 
ALK-positive patient is discussed elsewhere, with an ex-
amination of scenarios ideal for tkis beyond progression, 
next-generation alk inhibitors, and integration with radi-
ation48. Further data from clinical trials is needed to help 
guide decision-making for these patients. Ultimately, the 
treatment for cns metastases in ALK-positive nsclc will 
be individualized based on the specifics of the clinical 
picture, with a requirement for multidisciplinary collab-
oration and discussion.

Extracranial Oligoprogression
Most patients who experience systemic progression will do 
so at multiple sites, but in a select group of patients, sites of 
systemic progression are limited. In those patients, local 
ablative therapy can be considered to treat the resistant 
clones and to allow for continued benefit from tki sup-
pression of sensitive areas of disease. In a retrospective 
series, the benefit of that strategy was reported as an 
improvement in mpfs of 5.5 months49. Importantly, the 
strategy was born in an era in which no next-generation 
alk inhibitors were readily available for use at progression. 
Careful selection procedures are therefore required to try 
to identify appropriate patients and the associated tumour 
biology that would benefit from locally ablative therapies 
compared with moving to the next line of therapy with a 
next-generation alk inhibitor.

Understanding Molecular Mechanisms of Resistance
Despite initial impressive responses, patients treated 
with alk inhibitors invariably progress because acquired 
resistance develops. An understanding of the underlying 
mechanisms of resistance will help to uncover the optimal 
strategies in the clinic for overcoming resistance.

Several series have analyzed post-progression biop-
sies in patients treated with alk inhibitors, contributing 
to an understanding of the molecular mechanisms of 

resistance50,51. Those mechanisms have been classified 
as alk-dependent “on-target” mechanisms in which the 
tumour-cell dependency on alk signaling persists, and 
alk-independent “off-target” mechanisms in which the 
tumour cells are no longer reliant on alk52.

The most common mechanism of “on target” resistance 
is the development of secondary mutations in the ALK tyro-
sine kinase domain. In crizotinib-resistant patients, such 
secondary mutations occur in 20%–30% of patients. The 
most common mutations in that scenario are the L1196M 
gatekeeper mutation and G1269A. Unlike the situation with  
EGFR-mutant nsclc, in which the T790M gatekeeper mutation 
is the dominant resistance mutation, the secondary mutations 
that have been identified in ALK-positive disease—including 
C1156Y, G1202R, I1171T, S1206Y, and E1210K, among others—
constitute a much larger group. In patients treated with more 
potent and structurally different second-generation alk in-
hibitors, the frequency of ALK resistance mutations increases 
to more than 50%, and the spectrum of mutations changes, 
with the common emergence of the highly resistant G1202R 
mutation. Preclinical work has shown that, depending on the 
ALK resistance mutation, sensitivity to second-generation alk 
inhibitors differs. Lorlatinib, a third-generation alk inhibi-
tor was shown to be active against all single ALK resistance  
mutations, including G1202R53.

An important mechanism of “off target” resistance is 
the activation of bypass signalling tracks. The first bypass 
mechanism identified was the epidermal growth factor 
receptor (egfr), but many others including her2 (human 
epidermal growth factor receptor 2), met, kit, and insulin- 
like growth factor 1 receptor have been identified, and fu-
ture studies of paired pre- and post-tki biopsies will further 
validate bypass pathways that could be actionable as ther-
apeutic targets50,54. Other mechanisms such as epithelial– 
mesenchymal transition—a cellular reprogramming re-
sulting in a morphology change from an epithelial shape 
to a more spindled appearance that is associated with more 
invasive behaviour—have been implicated51.

Ultimately, further research and a better understanding 
of both mechanism types and their importance in alk 
inhibitor resistance is required.

Managing Patients with Acquired Resistance
How can the current understanding of alk-inhibitor- 
associated resistance translate into the clinic? The therapeu-
tic approach to the development of resistance to crizotinib 
will differ from the approach to the development of resistance 
to the second-generation alk inhibitors.

Most patients who develop disease progression while 
taking crizotinib will still respond to treatment with a 
next-generation alk inhibitor, even in the absence of a 
detectable resistance mutation. Therefore, the most appro-
priate treatment in the setting of crizotinib resistance is a 
second-generation alk inhibitor (Figure 1). The role of biopsy 
in understanding mechanisms of resistance after crizotinib  
would inform treatment for only a very small group of  
patients—for instance, the rare patients with G1202R  
mutations for whom a third-generation inhibitor clinical 
trial might be more appropriate. In patients progressing 
on a second-generation alk inhibitor, given a frequency of 
approximately 50% ALK resistance mutations, biopsy could 
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be of value to inform the likelihood of response and the 
selection of the next line of alk-directed therapy (Figure 2). 
That approach requires a better understanding of how to 
translate the available in vitro data to patients in the clinic; 
further study is necessary. In the absence of molecular 
characterization, lorlatinib could become a promising  
option to use empirically, given its preclinical activity 
against ALK resistance mutations and the clinical benefit 
seen in pretreated patients.

In routine clinical practice, performing a biopsy upon 
the development of resistance is both promising and prob-
lematic. Although the situation in EGFR-positive nsclc 
is proof-of-concept for routine biopsy on progression to 
look for T790M mutations, the situation with ALK is more 
complex. With EGFR, T790M is dominant in more than 
60% of patients and leads to treatment with a single drug 
(osimertinib); in contrast, tumours in ALK-positive patients 
develop multiple different mutations, and no clear algorithm 
exists for selecting the optimal next treatment. The rapid 
development and implementation of plasma testing for the 
EGFR T790M mutation highlights the clinical ease, patient 
preference, and overall benefit of a noninvasive approach. 
Testing for ALK mutations in plasma has been evaluated in 
small studies55,56; further study is required before plasma 
testing for molecular mechanisms of resistance becomes 
a standard tool for monitoring patients on treatment and 
selecting the next therapeutic options. In Canada, as in 
many other jurisdictions, subsequent validation of the test 
in reference laboratories and government funding for the test 
will be essential for adopting it into routine clinical practice.

Enrolment on a clinical trial is an ideal option for 
ALK-positive patients who have developed resistance to 
therapy. Studies of third-generation alk inhibitors such 
as lorlatinib are attractive options, especially for patients 
with ALK resistance mutations. A number of interesting 
approaches are being taken in trials, including combining 
alk inhibitors with other targeted therapies in the hope 
of overcoming resistance arising from bypass pathways. 
Unfortunately, the difficulty of enrolling patients with 
nsclc to trials, especially when smaller cohorts are in-
volved, is well documented57. The proposed “ALK Master 
Protocol” sponsored by the U.S. National Cancer Institute 
is a provocative study that hopes to answer some of the 

questions concerning the sequencing of tkis in affected 
patients and the use of routine molecular testing to un-
derstand the underlying mechanisms of resistance.

From a practical perspective, the options that are 
readily available in the clinic after progression on a next- 
generation alk inhibitor include further alk-directed  
therapy, chemotherapy, and immunotherapy. Especially 
in the absence of a biopsy to determine mechanisms of 
resistance, the current situation in Canada is a question 
of whether empiric selection of “the next available alk  
inhibitor” is more efficacious than cytotoxic chemotherapy. 
Although continuation of alk-targeted therapy is associ-
ated with responses in this scenario, brigatinib is being 
evaluated in a phase ii study in patients who have already 
been treated with a second-generation alk inhibitor (see 
NCT02706626 at http://ClinicalTrials.gov).

The benefits of pemetrexed-based chemotherapy 
in ALK-positive patients is well characterized58. What is 
unclear is the optimal timing of chemotherapy in this 
sequence of treatment. The use of immunotherapy in  
oncogene-driven cancers is associated with many un-
knowns. Patients who are ALK-positive are typically  
never-smokers with cancers possessing low tumour  
mutational burden, characteristics that both seem to  
predict for lower responsiveness to immunotherapy59,60. 
Notably, none of the EGFR- or ALK-positive patients in 
the recent update of keynote 010, which is comparing  
second-line pembrolizumab with docetaxel in PD-L1– 
expressing nsclc, were in the group of long-term respond-
ers61. The relative uncommonness of those patients and the 
fact that they are now being excluded from many immu-
notherapy trials further complicates the effort to answer 
the outstanding questions.

SUMMARY

The development of crizotinib for ALK-positive nsclc 
marked a change in the treatment paradigm that highlights 
the power of personalized medicine and targeted therapy. 
The rapid development of next-generation alk inhibitors 
to overcome resistance to crizotinib and now for use in 
the first-line setting has been associated with significant 
benefit and improvements in outcomes for patients— 

FIGURE 2 Potential future management algorithm for ALK-positive non-small-cell lung cancer (NSCLC). Especially as next-generation ALK inhib-
itors become standard in first-line therapy, the need to understand the underlying mechanisms of resistance so as to direct subsequent therapy is 
accelerated. Further data from clinical studies, lower testing costs, and collaboration with pathologists and payers will potentially lead to molecular 
testing to characterize patients and optimize management.
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especially in the ability of the newer agents to penetrate the 
cns. The treatment of patients with ALK-positive disease 
requires a strong multidisciplinary approach to optimize 
outcomes. The multiple next-generation alk inhibitors that 
are available have raised new questions about optimal use 
and sequencing. A furthered understanding of the molec-
ular mechanisms of resistance and the ability to conduct 
plasma testing in the future will enhance the tailoring 
of treatment to best fit individual patients. That under-
standing, in conjunction with data from ongoing clinical 
trials, brings continued hope for patients, challenges for 
both clinicians and payers, and the promise of improved 
outcomes for ALK-positive patients.
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