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ABSTRACT

Introduction: This study explored the use, safety, and ef-
ficacy of initial use of an ALK-inhibiting targeted therapy
(ALK tyrosine kinase inhibitor [TKI]) in patients with ALK-
rearranged NSCLC in a population-based, real-world clinical
population within the province of Alberta, Canada.

Methods: Demographic, clinical, treatment, and outcome
data of the patients with advanced or metastatic ALK-rear-
ranged NSCLC receiving their first ALK TKI between 2014
and 2019 were included in the analysis.

Results: A total of 92 patients with ALK-rearranged NSCLC
treated with ALK TKI (78% crizotinib, 22% alectinib) were
identified. In the ALK-rearranged cohort, 1-year survival rate
was 73% and median overall survival (OS) and progression-
free survival (PFS) were 48.5 months and 17.0 months,
respectively. An objective response rate of 49% was observed,
and adverse events were reported in 70% of the patients,
primarily of low grade (84%). Case-matched comparison to
patients with ALK-wildtype disease treated with cytotoxic
chemotherapy revealed the benefit of ALK TKI in the context of
an ALK rearrangement (ALK-rearranged versus ALK-wildtype)
(median post-treatment initiation OS: 46.8 versus 14.2 mo, p<
0.001). Outcomes, measured from the time of ALK TKI initia-
tion, differed by Eastern Cooperative Oncology Group (ECOG)
(ECOG < 2 versus ECOG � 2) (median OS: not reached versus
6.8 mo, p < 0.001; median PFS 17.6 versus 7.4 mo, p ¼ 0.02),
disease presentation (relapsed versus de novo) (median PFS:
30.8 versus 15.0 mo, p ¼ 0.04), and brain metastasis onset
(brain metastases development during ALK TKI versus base-
line brain metastases) (not reached versus 12.8 mo, p ¼ 0.04).

Conclusions: Clinical trials have firmly established that
ALK TKIs are safe, well tolerated, and effective; these
findings reveal that their impact in a real-world setting is
just as profound. The availability and use of ALK TKI
therapies contribute to the impressive gains in survival
experienced by contemporary patients with ALK-
rearranged disease, rendering patients with this onco-
driven form of NSCLC among the longest surviving pa-
tients with lung cancer.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
ALK-rearranged NSCLC, present in 3% to 5% of pa-

tients with advanced NSCLC, represents the second most
common oncogene-driven NSCLC.1 Oncogenic ALK fu-
sions are amenable to targeted therapy by means of
three generations of ALK-receptor tyrosine kinase in-
hibitors (ALK tyrosine kinase inhibitor [TKI]) that act to
block the signaling cascades that promote tumor growth
and progression.2 Clinical trial data clearly reveal the
safety and efficacy of ALK TKI, but within the context of
highly selected trial populations. Given the evidence for
benefit in clinical trial populations, evaluation of real-
world populations with ALK-rearranged NSCLC to
determine whether clinical trial data are reflective of the
real-world clinical setting is of critical importance.

Although the need for real-world evidence is widely
understood, the ability to provide comprehensive data
on true, unbiased real-world populations that capture
the full heterogeneity (demographic, geographic, clinical,
and socioeconomic) of patients encountered in clinical
practice has proven challenging. The low incidence of
ALK rearrangements among patients with NSCLC often
results in scarce data in real-world cohorts. Com-
pounding these issues is the loss of diversity which oc-
curs when retrospective reviews are conducted by
means of single-center studies that may limit analysis to
patients from a single region or be restricted to specific
health care insurance providers.

This study sought to retrospectively review the
outcome, safety, efficacy, and experiences of ALK inhi-
bition in a real-world clinical population by means of the
use of a province-wide cohort, situated within a single
payer, universal health care system, representing all
patients with ALK-rearranged disease at the time of their
initial exposure to ALK TKI therapy within Alberta,
Canada, from 2014 to 2019.

Materials and Methods
This study used the Glans-Look Lung Cancer

Research (GLR) database, an institutional database that
captures patient-level demographic, clinical, treatment,
response, and outcome data by means of chart reviews
of electronic medical records for all patients with a
diagnosis of lung cancer who present for diagnosis and
treatment within the Canadian province of Alberta. The
data in the GLR used for this analysis were collected
under ongoing institutional review board–approved
protocol at our institution (HREBA.CC-16-0574_REN4),
and as a retrospective review, no consent is required.
Study data within the GLR database are collected and
managed using the Research Electronic Data Capture
data capture tools hosted at the University of Calgary.3,4

Patients with unresectable locally advanced or met-
astatic NSCLC were identified. Patient selection was
refined to include only those positive for an ALK trans-
location, identified by a combination of immunohisto-
chemistry with fluorescence in situ hybridization
confirmation (from 2014 to 2018) or by upfront
immunohistochemistry testing with fluorescence in situ
hybridization confirmation for equivocal results only
(2018–current), as per the International Association for
the Study of Lung Cancer and Association for Molecular
Pathology biomarker guidelines established in 2013 and
revised in 2018,5,6 and receiving an initial ALK TKI ther-
apy (first exposure to ALK TKI), as confirmed by Alberta
Health Services pharmacy records, between January 2014
and December 2019. At the time of this study, two ALK
TKIs were approved for use in Canada: crizotinib
(approved for use after progression on cytotoxic chemo-
therapy in May 2013 and as a first-line therapy for pa-
tients with treatment-naive ALK-rearranged disease in
July 2015)7 and alectinib (approved for as a first-line
therapy for patients with treatment-naive ALK-rear-
ranged disease in July 2018).8 Patients in receipt of ALK
TKI therapies accessed outside of the centralized Alberta
Health Services pharmacy-dispensing system are not re-
flected in this study. In addition, a comparator cohort of
patients with ALK-wildtype disease, tested and confirmed
negative for detectable ALK rearrangements, who under-
went standard-of-care cytotoxic chemotherapy for their
advanced or metastatic NSCLC was identified and data
were extracted from the GLR. Patients with ALK-wildtype
disease diagnosed from 2014 to 2017 were matched
(without replacement) on the American Joint Committee
on Cancer eighth edition M-stage, histological subtype,
sex, Eastern Cooperative Oncology Group (ECOG), smok-
ing history, and 5-year age group to the ALK-rearranged
cohort for survival analysis comparisons.

Survival metrics—median post-advanced/metastatic
disease discovery survival (median overall survival
[mOS]), median post-ALK TKI initiation survival, and
median progression-free survival (mPFS)—along with
treatment patterns, treatment events, response, and
outcomes were calculated using data elements contained
in the GLR. For determination of best response and
progressive disease, serial diagnostic imaging reports
were compared with a baseline computed tomography
scan taken before initiation of ALK TKI therapy.
Response was determined using the Response Evalua-
tion Criteria in Solid Tumours version 1.1 criteria; if
actual measurements were not reported within the
diagnostic imaging reports, then response was recorded
on the basis of the documented opinion of the reviewing
radiologist.



Table 1. Demographic and Clinical Features for Patients With ALK-Rearranged NSCLC on Initial ALK TKI

Total Cohort Initial ALK TKI

Total Cohort
(N ¼ 92), n (%)

Crizotinib
(n ¼ 72)

Alectinib
(n ¼ 20) p Value

Demographics
Age at treatment initiation

Median (y), (IQR) 58.4 (51.6–70.6) 58.7 (51.6–71.2) 57.3 (51.7–62.3) Z ¼ �1.14;
p ¼ 0.3

<70 y 67 (73) 51 (71) 16 (80) X2, df(1),
p ¼ 0.4

�70 y 25 (27) 21 (29) 4 (20)
Sex

Male 47 (51) 37 (51) 10 (50) X2, df(1),
p ¼ 0.9

Female 45 (49) 35 (49) 10 (50)
Smoking status

Never smoker 51 (55) 37 (51) 14 (70) X2, df(1),
p ¼ 0.1

Ever smoker 41 (45) 35 (49) 6 (30)
Body mass index (kg/m2)

Median, (IQR) 25.9 (22.5–29.1) 25.0 (22.5–29.3) 24.4 (22.2–27.8) Z ¼ �0.5;
p ¼ 0.6

<18.5 (underweight) 3 (3) 2 (3) 1 (5)
18.5–24.8 (normal) 42 (46) 32 (44) 10 (50) X2, df(4),

p ¼ 0.8
24.9–29.9 (overweight) 27 (29) 22 (31) 5 (25)
>29.9 (obese) 18 (20) 14 (19) 4 (20)
Missing data 2 (2) 2 (3) 0 (0)

Income (Canadian dollars)
Median, (IQR) 50,422 (45,361–64,063) 49,607 (45,361–63,203) 58,456 (50,192–67,316) Z ¼ 1.5,

p ¼ 0.1
Below median 51 (55) 35 (49) 4 (20)
Above median 41 (45) 37 (51) 16 (80)

Geographic location of residence
Urban 76 (83) 58 (81) 18 (90) X2, df(1),

p ¼ 0.3
Rural 16 (17) 14 (19) 2 (10)

Clinical characteristics
Initial ALK TKI —-

Crizotinib 72 (78) —- —-
Alectinib 20 (22)
2015–2017 67 (73) 65 (90) 2 (10) X2, df(1),

p < 0.001a

2018–2019 25 (27) 7 (10) 18 (90)
Cancer treatment center type X2, df(1),

p < 0.6
Academic 74 (80) 57 (79) 17 (85)
Community/regional 18 (20) 15 (21) 3 (15)

ECOG PS
Good (0 or 1) 72 (78) 58 (81) 16 (75) X2, df(1),

p ¼ 0.9
Poor (2 or 3) 18 (22) 14 (19) 4 (25)

Stage at initiation of initial ALK TKI
M0 (advanced) 10 (11) 7 (10) 3 (15) X2, df(4),

p ¼ 0.4
M1a 24 (26) 19 (26) 5 (25)
M1b 32 (35) 28 (39) 4 (20)
M1c 26 (28) 18 (25) 8 (40)

(continued)
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Table 1. Continued

Total Cohort Initial ALK TKI

Total Cohort
(N ¼ 92), n (%)

Crizotinib
(n ¼ 72)

Alectinib
(n ¼ 20) p Value

Previous cytotoxic chemotherapy exposure
Curative-intent 8 (9) 8 (11) 0 (0) X2, df(2),

p¼ 0.002a

Palliative-intent 14 (15) 14 (20) 0 (0)
None 70 (76) 50 (69) 20 (100)

Metastatic disease presentation X2, df(1),
p ¼ 0.06

Relapsed early stage 16 (17) 15 (21) 1 (5)
De novo stage IV 66 (72) 50 (69) 17 (80)
Advanced disease 10 (11) 7 (10) 3 (15)

Brain metastases development X2, df(4),
p ¼ 0.01a

None (to date) 44 (48) 30 (42) 14 (70)
At baseline 19 (21) 14 (19) 5 (25)
During initial ALK TKI 16 (17) 16 (22) 0 (0)
After initial ALK TKI 11 (12) 10 (14) 1 (5)
Unknown 2 (2) 2 (3) 0 (0)

Baseline brain metastases management (before
initiation of initial ALK TKI)

(N ¼ 19) (n ¼ 14) (n ¼ 5) X2, df(3),
p¼ 0.004a

No brain metastases management 7 (37) 2 (14) 5 (100)
Whole-brain radiotherapy 9 (47) 9 (64) 0 (0)
Stereotactic radiosurgery 1 (5) 1 (7) 0 (0)
Resection of brain lesions 1 (5) 1 (7) 0 (0)
Multimodal treatment (resection and

radiotherapy)
1 (5) 1 (7) 0 (0)

aSignificant result.
ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; PS, performance status; TKI, tyrosine kinase inhibitor.
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Occurrence and management of adverse events (AEs)
noted in the GLR were derived from clinical progress
notes, urgent care/emergency room reports, hospital
discharge reports, pharmacist contact notes, oncology
clinic nursing notes, and laboratory testing reports. AEs
were recorded using Common Terminology Criteria for
Adverse Events version 5.0 codes, descriptors, and
grades, as standardized and grouped according to Med-
ical Dictionaries for Regulatory Activities’ Primary Sys-
tem Organ Class terms and hierarchy.

Demographic and clinical characteristics of the study
cohort were summarized using descriptive statistics, and
distributions of features were compared across different
subgroups using univariate methods including time-to-
event models that were evaluated using the Kaplan-
Meier approach. A p value less than 0.05 was consid-
ered a priori as statistically significant. All statistical
analysis and data manipulation were performed using
Stata Statistics/Data Analysis version 12.9

Results
A total of 92 patients with ALK-rearranged NSCLC

treated with ALK TKI were identified, in a 6-year (2014–
2019 inclusive) study period, yielding a median of 17
patients per year for analysis. 53% of the patients were
alive at the time of the analysis. Patients initially received
either crizotinib (78%) or alectinib (22%) ALK TKI therapy.
Demographic and clinical characteristics are summarized in
Table 1, and clinical response and outcome are summarized
in Supplementary Data 1. Patients treated with alectinib
and crizotinib did not exhibit significantly different de-
mographic characteristics.

The data are less mature for the alectinib-treated
cohort, as evidenced by a shift over time from the pre-
dominant use of crizotinib (the initial ALK TKI prescribed
to 97% of the cohort before 2018) to alectinib (the initial
ALK TKI prescribed to 73% of the cohort after 2018).
Nevertheless, some differences in clinical characteristics
were noted on the basis of the initial ALK TKI treatment.
Crizotinib-treated patients were more often given
palliative-intent cytotoxic chemotherapy before initial ALK
TKI treatment (20% versus 0%, p ¼ 0.002), and,
compared with alectinib, exhibited a higher overall rate of
brain metastases development up to the time of analysis
(70% versus 42%, p ¼ 0.01). Furthermore, crizotinib-
treated patients with brain metastases at baseline were
more likely to receive non-systemic means of brain lesion
control (stereotactic radiosurgery or whole-brain



Figure 1. Survival outcomes for ALK-rearranged cohort. (A) Median postmetastatic disease survival. (B) Median progression-
free survival. (C) Median progression-free survival relapsed versus de novo. CI, confidence interval; ECOG, Eastern Coop-
erative Oncology Group; IQR, interquartile range.
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radiation) than alectinib-treated patients with baseline
brain metastases (63% versus 0%, p ¼ 0.004).

Although crizotinib- and alectinib-treated patients
exhibited similar response to treatment, crizotinib-treated
patients experienced higher rates of treatment changes
(26% versus 0%, p < 0.001) owing to treatment breaks
(19% of crizotinib-treated cohort) with or without dose
modifications (15% of crizotinib-treated cohort).
Increased rates of treatment changes were likely owing to
a higher likelihood of AEs with crizotinib therapy,
compared with alectinib-treated patients, particularly
those affecting vision (31% versus 0%, p < 0.001), the
gastrointestinal system (38% versus 15%, p ¼ 0.04), or
AEs resulting in abnormal laboratory values (29% versus
5%, p ¼ 0.01). Alectinib-treated patients were more likely
to experience skin-related AEs (20% versus 3%, p ¼
0.01). Overall, for the entire cohort, AEs accounted for
16% of all reasons for ALK TKI termination.

Initial ALK TKI had been discontinued in 76% of the
cohort at the time of analysis (11% of alectinib-treated,
92% of crizotinib-treated); of these patients who had
completed initial ALK TKI, 81% were given additional
systemic and non-systemic modalities to control their
NSCLC: 77% underwent subsequent therapy with next-
generation ALK TKI and 19% underwent radiotherapy,
primarily stereotactic radiotherapy to the brain, before
any additional systemic therapy. Initiation of systemic
therapies post-initial ALK TKI was associated with sig-
nificant gains in survival, with the general trend of
increasing survival in association with increasing sub-
sequent lines of systemic therapy, although as a
contemporary cohort these data are not yet mature.

The mOS of the entire cohort was 48.5 months, and
the mPFS was 17.0 months at the time of analysis;
neither mOS nor mPFS differed significantly between the
two different initial ALK TKIs (Fig. 1A and B), although it
should be noted that the alectinib-treated cohort has less
mature data. The mPFS was found to significantly vary
by initial disease presentation; patients receiving ALK
TKI for relapsed early stage disease (recurrence with
metastatic disease after curative-intent surgical resec-
tion [stage I, II, or III]) had significantly longer time to
progression than did ALK TKI-treated patients present-
ing with de novo advanced NSCLC (mPFS: 30.8 versus
15.0 mo; p ¼ 0.04). These differences in mPFS were
observed in the absence of significant demographic or
clinical characteristics between relapsed and de novo
patients (Fig. 1C).

A case-matching protocol identified a cohort of 41
matched cases, on which Kaplan-Meier analysis was
performed to determine post-treatment initiation sur-
vival, measured as the time (in mo) from the start of
initial ALK TKI therapy (ALK-rearranged group) or the
start date of cytotoxic chemotherapy (ALK-wildtype



Figure 2. Case-matched cohort survival analysis and demographic features. CI, confidence interval; ECOG, Eastern Coop-
erative Oncology Group; IQR, interquartile range; TKI, tyrosine kinase inhibitor.
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group). Patients with ALK-mutant NSCLC who received
initial ALK TKI had significantly longer mOS from the
time of first-line systemic therapy initiation than those
with ALK-wildtype NSCLC initially treated with cytotoxic
chemotherapy (46.8 versus 14.2 mo, log-rank p < 0.001)
(Fig. 2).

ECOG performance status (PS) at the time of initial
ALK TKI initiation, representing the treating oncologist’s
assessment of the patient’s functional status in relation
to their NSCLC diagnosis or any other significant con-
current comorbidities, was associated with significant
influence on ALK TKI treatment outcomes. A total of
20% of the cohort presenting with ECOG PS greater than
or equal to 2 had less time on an initial ALK TKI treat-
ment (21 versus 9.7 cycles, p < 0.001) and had a lower
disease control rate (DCR), when compared with those
with ECOG PS less than 2 (DCR: 39% versus 89%, p <

0.001). In addition, an ECOG PS greater than or equal to
2 was associated with reduced mPFS (7.4 versus 17.6
mo, log-rank p ¼ 0.02) and median post-ALK TKI initi-
ation survival survival (6.8 versus not yet reached, log-
rank p < 0.001) (Fig. 3).

The most common reason for discontinuation of
initial ALK TKI therapy at the time of analysis was
progressive disease. A total of 58% of the patients
with progressive disease were noted to have
advancement of their preexisting lesions, with a
further 30% exhibiting new metastatic disease, with
brain metastasis the most common site of metastatic
spread (Fig. 4). It should be noted that with no brain
metastasis development during initial ALK TKI treat-
ment with alectinib at the time of analysis, less mature
data within the alectinib-treated cohort, and a lower
rate of alectinib discontinuation at the time of anal-
ysis, investigation into sites of progressive disease and
brain metastases was restricted to the crizotinib-
treated cohort. Within the crizotinib-treated cohort,
50% of the patients had brain metastases at the time
of analysis: 21% before, 17% developing during, and
12% developing post-initial ALK TKI. For the 36% of
the crizotinib-treated cohort developing brain metas-
tases during or after initial ALK TKI, median time to
brain metastases onset was 16.4 months. Neither
presence nor absence of brain metastases significantly
affected median post-ALK TKI initiation survival or
mPFS in the crizotinib-treated cohort. Improved me-
dian post-ALK TKI initiation survival was observed in
patients developing brain metastases during initial
treatment with crizotinib, compared with those with
brain metastases at baseline (Fig. 5A and B).
Discussion
This study explored the real-world clinical experience

and outcomes of patients with ALK-rearranged advanced
NSCLC at the time of their first treatment exposure to
ALK TKI therapy in the Canadian province of Alberta.
Our analysis of a cohort of 92 patients was able to cap-
ture the broad heterogeneity inherent in real-world
clinical populations, representing patients with a range
of disease presentations, functional status, treatment
histories, socioeconomic status, and treatments with
different generations of ALK TKI according to standard-
of-care recommendations at the time of diagnosis. The
cohort described in this study was comparable to those
of previous studies which identified patients with ALK-
rearranged NSCLC as predominantly never-smokers, had
good PS, predisposed to brain metastases development,
and younger than those patients with ALK-rearrange-
ment negative NSCLC.10



Figure 3. Impact of ECOG PS on treatment outcome. ECOG, Eastern Cooperative Oncology Group; PS, performance status;
TKI, tyrosine kinase inhibitor.

Figure 4. ALK TKI termination reasons and sites of failure. TKI, tyrosine kinase inhibitor.
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Notably, this review reveals mOS of 48.4 months (41.4
mo median post-ALK TKI initiation survival) and mPFS of
17.0 months within this real-world cohort. This observa-
tion exceeds the range of overall outcome estimates found
in published real-world retrospective and foundational
clinical trial studies and is comparable with those
outcome estimates within contemporary clinical trial
publications to date1,10–21 (Supplementary Data 2:
outcome estimates for ALK TKI use in real-world and
clinical trial ALK-rearranged populations). The combined
cohort reinforces previously observed distinctions be-
tween the outcomes of patients with NSCLC with relapsed
versus de novo metastatic disease. These findings suggest
that differences in overall disease burden at diagnosis in
relapsed versus de novo metastatic patients may affect
treatment efficacy.22 Compared with the crizotinib treat-
ment cohort in the ALEX clinical trial, the crizotinib cohort
in this study had a lower 1-year survival rate (71% versus
83%). This is likely reflective of the fact that 20% of our
real-world clinical patients were unable to access crizo-
tinib without first having cytotoxic chemotherapy, now
known to be substandard in ALK-rearranged populations.
In both the ALEX trial and in this study, alectinib was
offered to treatment-naive patients and yielded similar 1-
year survival rates (84% versus 86%, respectively).23

Further supporting the superior outcomes of use of
ALK TKI in ALK-rearranged populations, and a strength
of this current study, was the ability to quantify the
dramatic improvement in prognosis derived from the
appropriate inhibition of ALK-positive NSCLC, by means
of the use of a one-to-one case-match analysis, matched
on several potentially confounding factors. Similar to the
outcomes observed among the ALK-wildtype matched
cohort, in biomarker agnostic populations, use of



Figure 5. Impact of brain metastases on outcome. (A) Median survival after ALK TKI initiation. (B) Median progression-free
survival. CI, confidence interval; TKI, tyrosine kinase inhibitor.
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cytotoxic platinum-doublet chemotherapy in advanced
NSCLC yields mOS times less than 12 months, in the era
before immunotherapy use.24 In addition, retrospective
analysis on randomized clinical trials has verified that
survival outcomes do not differ significantly between
ALK-mutant and ALK-wildtype patients when both were
treated with non-ALK TKI therapeutic regimens.25 This
suggests that ALK rearrangement in itself is not a sig-
nificant prognostic factor in advanced NSCLC, in which
patients with ALK-wildtype NSCLC can serve as a prog-
nostic proxy for patients with ALK-mutant NSCLC if de-
nied ALK TKI therapy. Taken with the results of this
matched cohort study, this reinforces the conclusion that
the improved prognosis comes only in the context of
both ALK rearrangement and ALK-inhibiting therapy.

First-time exposure to ALK TKI was observed to
produce both a rapid and durable objective response
rate (ORR) and DCR without significant differences be-
tween alectinib and crizotinib. The aggregate ORR (48%)
within this study is lower than the greater than 60%
ORR observed in recent phase 3 trials investigating cri-
zotinib and/or alectinib,23,26 and among other real-
world cohorts.10,12,13,21 However, the observed ORR
does align with additional real-world cohorts that were
comprised all-comers meeting the study criteria,11 or
phase 2 clinical trials using multicenter and previously
treated populations.16 More consistent with both clinical
trial and other real-world populations was the DCR
(76%) within this study, suggesting a higher proportion
of patients were assessed with stable disease as their
best response rather than a “positive” response of par-
tial/complete response. Critically, this study identified a
proportion of patients (21%) which did not respond to
ALK TKI, primarily by virtue of death or ALK TKI
discontinuation before response assessment. The
remaining nonresponders (w10%) exhibited refractory
disease (progressive disease as best response) to initial
exposure to ALK TKI, suggesting the potential of unde-
tected preexisting resistance mechanisms in addition to
the detected ALK fusion, such as KIT, IGF1R, HER3, or
MET amplification. These concomitant mutations result
in ALK-inhibitor resistance in ALK TKI-naive patients,
occurring in the absence of ALK TKI-mediated selection
of secondary resistance mutations, and pose a significant
challenge in treating patients with complex tumor
mutational profiles.27,28

Significantly, among patients in this study with ECOG
PS greater than or equal to 2, we observed a reduction in
post-treatment initiation and progression-free survival,
alongside lower DCRs, when compared with patients
with ECOG PS less than 2, as has previously been
observed within other oncogene-driven NSCLC pop-
ulations on targeted therapy.11,29,30 This is congruent
with previous findings that PS is a key predictor of
outcome in advanced cancer in which, regardless of tu-
mor molecular characteristics, patients with poor PS
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experience inferior outcomes to those with better ECOG
PS.29,31 However, given that ECOG greater than or equal
to 2 generally precludes cytotoxic chemotherapy, the
observed DCR of 39% and safe ALK TKI tolerability, as
noted by a median of 9.7 cycle duration of initial ALK TKI
treatment found among patients with ECOG PS greater
than or equal to 2 in this cohort, reinforces the benefit of
ALK TKI use in patients with poor PS (albeit with lower
efficacy and tolerability).32–34 Indeed, availability of
well-tolerated–targeted therapies for advanced NSCLC
remains a key factor in improving the extremely poor
prognosis for those ineligible to receive cytotoxic
chemotherapy.35

As orally available small molecule inhibitors of ALK,
both crizotinib and alectinib were found to have ease of
use and efficacy but did present with notably different
side effect profiles. This study found higher rates of AEs
in crizotinib-treated patients and a previously recog-
nized propensity toward gastrointestinal, visual, and
laboratory value abnormalities, compared with alecti-
nib.20,21,36 Supporting the impression that both crizo-
tinib and alectinib are tolerable agents with
manageable treatment-associated AEs,35 this study
revealed that treatment modification and/or treatment
breaks effectively mitigated most documented AEs.
Paradoxically, this study found lower rates of serious
AEs (11% compared with a median of 26% and 38% in
a meta-analysis of clinical trials using alectinib and
crizotinib, respectively),35 yet a much higher rate of AE-
mediated treatment discontinuation (16%) than previ-
ously published real-world and clinical trial studies
(range: 3.2%–7.8%).1,7,37 Discontinuation owing to AE
was often because of intolerability (patient perspective)
rather than toxicity (medical perspective). Further-
more, the onset of availability of the better-tolerated
and effective alectinib may have encouraged the
termination of crizotinib in the context of drug
intolerability.

The central nervous system (CNS) is a common
location of both baseline metastatic disease and site of
subsequent metastatic spread for patients with ALK-
rearranged NSCLC. The brain is the most common site of
disease progression when initial ALK TKI was
discontinued.

Median time-to-onset of brain metastases was 16.4
months after initiation of initial ALK TKI, a longer in-
terval than that found in previous real-world cohorts
(range: 7–11 mo).15,38 Interestingly, this study revealed
that neither the presence/absence of brain metastasis
had significant impact on either mPFS or median post-
ALK TKI initiation survival, although patients with
baseline brain metastasis had decreased survival times
compared with those developing brain metastases
during initial ALK TKI therapy. Patients with baseline
brain metastasis often underwent whole-brain radio-
therapy before initial exposure to crizotinib, which
theoretically may allow for a period of control over
brain-based disease in parallel with an interval of
crizotinib-mediated systemic control. Despite the po-
tential for baseline brain metastasis to negatively affect
prognosis, the observed mOS among ALK TKI–treated
patients with baseline brain metastases well exceeds
that known for patients with brain metastasis treated
solely with stereotactic radiosurgery, whole-brain
radiotherapy,39 or conventional cytotoxic chemo-
therapy.40 These findings add to a body of literature
suggesting that, despite poor blood-brain barrier
penetration, crizotinib may have some efficacy in pa-
tients with brain metastases.41 This efficacy is likely
limited as a long-term systemic treatment modality
owing to its inferior CNS control in relation to the
availability of next-generation ALK inhibitors with
proven CNS efficacy (i.e., alectinib).42 Nevertheless,
crizotinib may contribute to the extended mOS
observed in contemporary ALK-mutant cohorts (such as
the mOS of 57.4 mo in the ALEX trial),19 particularly in
the context of patients without baseline CNS involve-
ment by providing an interval of systemic control. Of
particular note, the use of crizotinib, even with
acknowledged low CNS penetration and control, does
seem to benefit patients with ALK-rearranged NSCLC
with brain metastases at baseline, allowing them to
achieve similar PFS to those developing brain metas-
tases on initial ALK TKI therapy or those whose brain
metastases are not detected until after the conclusion of
the initial ALK TKI.

As evidenced in the frequency of CNS involvement
during initial ALK TKI therapy, progressive disease,
owing to the inevitable development of ALK TKI resis-
tance,43 was the singular most common reason for
discontinuation of the initial ALK TKI. Subsequently, this
study cohort reveals that most patients (77%) termi-
nating initial ALK TKI go on to subsequent lines of sys-
temic therapy, with a small proportion opting for
radiotherapy (primarily for the control of brain metas-
tasis) before commencing second-line systemic options.
All patients accessing subsequent lines of systemic
therapy used one or more additional ALK TKI over the
course of their treatment. The observed rate of radio-
therapy treatment (19%) immediately following initial
use of ALK TKI in this study’s cohort was lower than that
found within other real-world cohorts,44 as was the use
of cytotoxic chemotherapy in subsequent treatment
lines,37 with less than one-tenth of patients accessing
cytotoxic chemotherapy post-initial ALK TKI. Likely, the
availability of next-generation ALK inhibitors with better
CNS penetration may be displacing the need for radio-
therapy (particularly in metastatic disease in the brain)
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and decreasing the reliance on cytotoxic chemotherapy
in subsequent lines of treatment.

Predominant use of second- and third-generation
ALK TKI through successive lines of systemic therapy
suggests that continuation of treatment with targeted
ALK inhibitors, which may be used continually until
resistance or toxicity develops, contributes to both the
high mOS observed in this cohort and serves to decrease
the number of treatment lines required to produce such
results. The extended mOS found in contemporary ALK-
mutant cohorts, and observed within this study cohort,
are a result of the incremental additions to disease
control offered by the availability of a spectrum of sys-
temic treatment options, including multiple generations
of ALK TKI therapy and pemetrexed-based cytotoxic
chemotherapy.45 Unfortunately, immune checkpoint in-
hibition seems to lack effectiveness in ALK-rearranged
NSCLC.46

This study should be viewed within the context of
the inherent limitations of retrospective studies and
relative immaturity of data for the alectinib-treated
cohort. Despite these acknowledged limitations, this
study does exhibit some particular and unique
strengths: specifically the ability to provide population-
level investigation into treatment and outcomes of
patients with ALK-mutant disease on initial ALK TKI
derived from a regional population of 4.3 million,
accessing single-payer, universal health care lending
equality in terms of treatment and care. Furthermore,
on the basis of Alberta’s population size, incidence of
ALK rearrangements, proportion of patients with
advanced disease, and systemic therapy uptake
rates,1,35,47–49 the cohort size of this study well reflects
expected incidence and is an indication that use of
centralized pharmacy-dispensing records within a
publicly funded health care system has comprehen-
sively identified the population of interest for this
study.

In summary, to the best of our knowledge, this rep-
resents the first single-payer, population-based review of
North American patients with ALK-rearranged NSCLC on
initial ALK TKI. Although clinical trials have firmly
established that ALK TKI are safe, well-tolerated, and
effective, these findings reveal that their impact in a real-
world setting is just as profound. Case matching using
patients with ALK-wildtype NSCLC receiving cytotoxic
chemotherapy supports the conclusion that the
improved prognosis comes only in the context of both
ALK-rearrangement and ALK-inhibiting therapy. The
availability and use of ALK TKI therapies contribute to
the impressive gains in survival experienced by
contemporary patients with ALK-rearranged disease,
rendering patients with this driver mutation form of
NSCLC among the longest surviving with lung cancer.
The relative contribution of ALK TKI adoption into
clinical practice to the overall improvement in outcomes
of patients with NSCLC is a subject of ongoing study at
our institutions.
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