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Real-world outcomes in patients with
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treated with crizotinib
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ABSTRACT
Background Crizotinib has shown greater efficacy in clinical trials than chemotherapy in patients with anaplastic
lymphoma kinase-positive (alk+) non-small cell lung cancer (nsclc), but little information is available on its use
and outcomes in real-world settings. We therefore assessed treatment patterns and outcomes in alk+ nsclc patients
treated with crizotinib in regular clinical practice.
Methods A retrospective medical record review was conducted in North America for adults with alk+ nsclc treated
with crizotinib as first- or later-line therapy for metastatic disease between 1 August 2011 and 31 March 2013 (for
the United States) or 1 May 2012 and 31 March 2013 (for Canada). Crizotinib-related trial enrollees were excluded.
Descriptive analyses were conducted to assess treatment patterns and objective response rate (orr). Progression-free
survival (pfs) and overall survival (os) were descriptively analyzed using Kaplan-Meier methods.
Results Data were extracted for 212 patients in the United States (n = 147) and Canada (n = 65). Mean (standard
deviation [sd]) age was 58.9 (9.5) years, and 69% were male. Seventy-nine patients (37%) were deceased at record
abstraction. Sixty-five percent (n = 137) initiated crizotinib as first-line therapy. Mean (sd) duration of crizotinib
treatment was 8.7 (4.9) months. Objective response rate was 66% (69% for first-line recipients, 60% for second-/laterline). Median (95% ci) pfs and os from crizotinib initiation were 9.5 (8.7, 10.1) and 23.4 (19.5, ‒) months, respectively.
One- and two-year survival probabilities were 82% and 49%, respectively.

Conclusions Outcomes for crizotinib recipients in this study align with previous trials, with orr appearing more
favourable in first-line recipients. Our findings indicate that crizotinib outcomes in clinical studies may translate
to regular clinical practice.
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INTRODUCTION
Lung cancer is the second-most commonly diagnosed
malignancy in the United States, exceeded only by breast
cancer, with an estimated 224,390 new cases projected to
be diagnosed in 20161. Lung cancer is also the most common cause of cancer-related death in the United States,
with a projected 158,080 deaths in 20161. For purposes of
treatment planning, lung cancer has traditionally been
classified based on histology, with the great majority
(83%) of newly diagnosed cases classified as non-small
cell lung cancer (nsclc)1. However, spurred by technological advances in recent years leading to an increased
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understanding of the molecular heterogeneity that drives
oncogenesis and cancer cell survival and proliferation,
nsclc is increasingly subclassified by the presence of specific oncogenic mutations2–4.
As a result of these advancements, targeted therapies
have been developed to inhibit irregular oncogenic pathways in lung cancer5,6. Several epidermal growth factor
receptor (egfr) and anaplastic lymphoma kinase (alk)
inhibitors are now approved that have shown substantial
response rates in patients with nsclc who have certain
egfr mutations and alk rearrangements7–10. Crizotinib, for
example, has been shown in clinical studies to be associated with tumour reduction or stabilization in 90% of alk+
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patients, with response duration of up to 15 months11 and
superior efficacy versus standard chemotherapy12,13. Based
on these and other trials, crizotinib was approved in the
United States, Canada, and various international markets
for the treatment of patients with metastatic alk+ nsclc.
Data from the crizotinib clinical studies have been
evolving, including other recent evaluations of its clinical
effects after resumption of the therapy following progression of central nervous system metastases14. However,
at this time, there are limited data describing the use of
crizotinib and its outcomes in real-world practice settings
outside the highly controlled environs of clinical trials.
The objective of the current study was therefore to assess
current treatment patterns and outcomes in patients with
alk+ advanced nsclc who were treated with crizotinib in
regular clinical practice.

MATERIALS AND METHODS
Study Design
The current study had a retrospective cohort design based
on a review of medical records for patients with alk+ nsclc
who received treatment with crizotinib in non-clinical
trial settings. Physicians (primarily oncologists) treating
nsclc patients were recruited for study participation from
multiple treatment centres across the United States and
Canada. For patients meeting the study inclusion criteria
(described below), relevant medical record data were retrospectively abstracted by the participating physicians (or
delegated clinical research staff) using a secure, web-based
data collection form. All patient data were de-identified and
anonymous. The study received ethics review and approval
by federally authorized institutional review boards in both
the United States and Canada.

Patient Selection
Patients meeting all of the following criteria were selected
for study inclusion: (1) diagnosed with metastatic nsclc,
with confirmation of alk rearrangement via diagnostic procedures used in each practice as recorded in the patient’s
medical record; (2) 18 years of age or older at diagnosis
of alk+ nsclc; (3) initiated treatment with crizotinib as
first- or later-line of therapy for metastatic alk+ nsclc
between 1 August 2011 and 31 March 2013 (for American
patients, based on August 2011 approval of crizotinib in the
United States) or between 1 April 2012 and 31 March 2013
(for Canada, based on April 2012 approval of crizotinib in
Canada); and (4) complete medical record history from
crizotinib initiation until at least three months after last
recorded crizotinib dose, unless the patient died less than
three months after last dose (if patient died less than three
months after last dose, the patient record was still eligible).
Patients who were treated with crizotinib as part of a clinical trial or patients who were ros1-positive were excluded
from the study.

Study Variables and Endpoints
Various demographic and background clinical characteristics were documented for each patient, as were key
characteristics of patients’ overall crizotinib treatment
course, including time to crizotinib initiation after initial
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diagnosis of or progression to metastatic nsclc; setting of
crizotinib initiation (first- or second-/later-line); initial
crizotinib dose prescribed and subsequent dose changes;
treatment duration and reasons for final discontinuation
of crizotinib; and additional cancer-directed therapies
received after crizotinib discontinuation.
Several clinical endpoints were also assessed. Objective response rate (orr) was defined as the proportion of
patients achieving a best clinical response to crizotinib of
either complete response or partial response, as recorded
in the patient’s medical record. Progression-free survival
(pfs) was defined as time from crizotinib initiation until
the earlier of: (1) physician-documented clinical progression or death occurring during crizotinib treatment (up to
and including two weeks after switch to/initiation of a new
therapy, if a new therapy was initiated); or (2) death occurring between 2 and 14 weeks after crizotinib completion, if
there was no initiation of a new therapy during this period.
Patients without a progression event were censored at the
earlier of initiation of a new therapy, death occurring more
than 14 weeks after crizotinib completion, or last available
medical record. Finally, overall survival (os) was defined
as time from crizotinib initiation until death; patients still
alive at the time of data collection were censored at the date
of the last available medical record.

Statistical Analyses
All analyses were conducted using SAS statistical software
(Version 9.3; Cary, NC). Analysis variables were summarized using univariate statistics and were stratified by the
setting (first-line vs. second-/later-line) in which crizotinib was initiated for the treatment of metastatic nsclc.
The statistical significance of descriptive differences in
study variables and clinical outcomes between these
groups was assessed using t-tests and chi-square tests,
as appropriate, with corresponding p values reported.
Progression-free survival and os were analyzed using
the Kaplan-Meier method, with statistical significance
of survival differences by line of crizotinib initiation
assessed using a non-parametric log-rank test. All data
were analyzed for the pooled study sample comprising
patients from the United States and Canada combined.
Objective response rate and os were additionally analyzed
in a subgroup of patients with brain metastases present
prior to crizotinib initiation.

RESULTS
A total of 107 physicians from the United States and 40
physicians from Canada participated in the medical record abstraction. Medical oncology and dual hematology/
oncology were the predominant specialties among these
physicians. A total of 212 patients were identified for study
inclusion (147 from the United States, 65 from Canada).
Break-apart fluorescence in situ hybridization and immunohistochemistry were the most common diagnostic
procedures used to confirm alk rearrangement (Table I).
In the overall cohort, mean (standard deviation [sd]) age
at diagnosis of metastatic alk+ nsclc was 58.9 (9.5) years,
which did not vary substantially by line (first- or second-/
later-line) of crizotinib initiation. The majority of the
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TABLE I Demographic and clinical characteristics
Setting of Crizotinib Initiation (n=210)a

All Patients
(n=212)

First-Line
(n=137)

Second- or Later-Line
(n=73)

P value

Age (years) at diagnosis,b mean (SD)

58.9 (9.5)

59.6 (9.0)

57.6 (10.1)

0.1343

Male, n (%)

146 (68.9)

93 (67.9)

51 (69.9)

0.7685

White/Caucasian

167 (78.8)

103 (75.2)

62 (84.9)

African/black

22 (10.4)

16 (11.7)

6 (8.2)

Asian or Pacific Islander

22 (10.4)

17 (12.4)

5 (6.8)

1 (0.5)

1 (0.7)

—

Current smoker

18 (8.5)

13 (9.5)

5 (6.8)

Former smoker

123 (58.0)

71 (51.8)

51 (69.9)

Never smoked

68 (32.1)

51 (37.2)

16 (21.9)

3 (1.4)

2 (1.5)

1 (1.4)

159 (75.0)

107 (78.1)

51 (69.9)

Ethnicity, n (%)

0.3828

Unknown
Smoking status at

diagnosis,b

n (%)

0.0875

Unknown
ECOG performance status at

diagnosis,b

n (%)

0.1076

0–1
2–4

53 (25.0)

30 (21.9)

22 (30.1)

33 (15.6)

22 (16.1)

11 (15.1)

0.8646

Break-apart fluorescence in situ hybridization (FISH)

143 (72.2)

91 (71.7)

50 (72.5)

0.9040

Reverse transcriptase-polymerase chain reaction (RT-PCR)

44 (22.2)

27 (21.3)

16 (23.2)

0.7553

Quantitative polymerase chain reaction (qPCR)

25 (12.6)

15 (11.8)

9 (13.0)

0.8015

Immunohistochemistry (IHC)

82 (41.4)

45 (35.4)

36 (52.2)

0.0230

3 (1.5)

2 (1.6)

1 (1.4)

0.9455

Brain metastases present at/prior to crizotinib initiation, n (%)
Diagnostic test(s) used to determine ALK+

status,c

n (%)

Another test
Symptoms present at diagnosis,b n (%)
Chest pain/discomfort

55 (25.9)

38 (27.7)

17 (23.3)

0.4849

Dyspnea

117 (55.2)

79 (57.7)

38 (52.1)

0.4358

Cough

150 (70.8)

102 (74.5)

48 (65.8)

0.1839

Fatigue

137 (64.6)

83 (60.6)

54 (74.0)

0.0524

Other symptoms

11 (5.2)

4 (2.9)

7 (9.6)

0.0388

Patient had no symptoms

9 (4.2)

6 (4.38)

3 (4.1)

0.9267

Alive

124 (58.5)

82 (59.9)

40 (54.8)

Deceased

79 (37.3)

50 (36.5)

29 (39.7)

Unknown

9 (4.2)

5 (3.6)

4 (5.5)

Vital status at medical record abstraction, n (%)

0.6998

Other cancer-directed therapies administered prior to crizotinib
initiation, n (%)
112 (52.8)

112 (81.8)

—

N/A

Surgery

None (supportive care only)

20 (9.4)

8 (5.8)

12 (16.4)

0.0127

Radiotherapy

43 (20.3)

16 (11.7)

27 (37.0)

<0.0001

Chemotherapy

51 (24.1)

—

51 (69.9)

N/A

13 (6.1)

—

13 (17.8)

N/A

16.5

16.7

16.5

0.2170

Targeted

therapyd

Duration (months) of observation, from crizotinib initiation until
last available medical record, median

SD = standard deviation; ECOG = Eastern Cooperative Oncology Group; ALK = anaplastic lymphoma kinase; N/A = not applicable; NSCLC = nonsmall cell lung cancer; EGFR = epidermal growth factor receptor; VEGF = vascular endothelial growth factor.
a Line of crizotinib initiation was unknown for 2 patients.
b “At diagnosis” refers, more specifically, to at first diagnosis of or progression to metastatic NSCLC.
c More than one diagnostic procedure may have been utilized per patient; test procedure types and associated proportions of patients receiving
them therefore are not mutually exclusive.
d Anti-EGFR (afatinib, erlotinib, or gefitinib) or anti-VEGF (bevacizumab).
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cohort was male (68.9%) and of white/Caucasian ethnicity (78.8%). A majority of patients (58.0%) were recorded as
being former smokers at the time of diagnosis of metastatic
alk+ nsclc, with 32.1% recorded as having never smoked;
8.5% were current smokers at the time of diagnosis. Thirtythree patients (15.6%) had brain metastases present at or
prior to crizotinib initiation. More than half of patients
(52.8%) received no other cancer-directed treatment prior
to initiation of crizotinib; among patients receiving prior
therapy, radiotherapy, and chemotherapy were the most
common cancer-directed treatment modalities observed
before crizotinib initiation. Median total observational
duration, from crizotinib initiation until last available
medical record, was 16.5 months.
Median number of days to crizotinib initiation after
initial metastatic nsclc diagnosis was 26 days (Table II).
Line of crizotinib initiation after initial diagnosis of alk+
nsclc was documented for 210 of the 212 patients in the
overall study sample. Among the 210 patients for whom
line of crizotinib initiation was documented, 137 patients
(65.2%) initiated crizotinib as first-line therapy, and 73
patients (34.8%) initiated crizotinib as second- or later-line
therapy. In the overall cohort, 250 mg b.i.d. was the most
common starting dose of crizotinib (79.7% of patients).
Dose changes were infrequent once crizotinib was initiated: 89.6% of patients had no changes (escalation or reduction) in dose during their course of exposure. Disease
progression following initial clinical response was the most
commonly cited reason (59.4% of patients) for final crizotinib discontinuation; two patients died while on crizotinib
treatment, both due to nsclc or related complications.
Treatment-related toxicities or side effects were cited as a
reason for final crizotinib discontinuation in 4.7% of patients. More than one-third of all patients (38.2%) received
no other cancer-directed treatment (surgery, radiotherapy,
chemotherapy, or targeted therapy) after discontinuation
of crizotinib.
In the overall study sample, the orr for crizotinib treatment was 65.6%. Patients initiating crizotinib as first-line
treatment appeared to respond somewhat better (69.3%
orr) than patients initiating the drug in second/later-line
therapy (60.3% orr). In the overall cohort, partial response
during crizotinib treatment was the most common best
clinical response recorded (59.0% of patients) (Figure 1).
Stable disease was recorded as best response for 23.1% of
patients and 6.6% of patients achieved complete response.
Few patients (9.9%) experienced disease progression as
their best clinical response during crizotinib treatment.
Table III presents tabular data from Kaplan-Meier
analyses of pfs and os (scaled to months). Kaplan-Meier
pfs and os curves (scaled to years) are shown in Figures
2 and 3. Median (95% confidence interval [ci]) pfs from
crizotinib initiation was 9.5 (8.7, 10.1) months; by setting
of crizotinib initiation, median pfs estimates were 9.6 (8.6,
10.2) and 9.0 (7.7, 10.6) months for first- and second-/laterline initiators, respectively (p = 0.3615).
At the time of the medical record abstraction, 79 of
the 212 patients included in the analysis were deceased,
while 124 were still alive. Vital status at the medical record
abstraction date could not be confirmed for 9 patients, but
since no record of death was observed, these patients were
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censored at the record abstraction date for purposes of
the os analysis. From crizotinib initiation, median (95%
ci) os was 23.4 (19.5, —) months for the overall cohort. For
patients initiating crizotinib as first-line treatment, median
(95% ci) os from crizotinib initiation was also 23.4 (18.3, —)
months. Median os was not reached in patients initiating crizotinib as second-line treatment. Kaplan-Meier
estimates of 1-year and 2-year survival from crizotinib
initiation were 81.9% (95% ci: 76.6 – 87.1%) and 49.1% (38.2 –
59.0%), respectively, for the overall cohort. Patients initiating crizotinib as first-line therapy had a numerically higher
estimated one-year survival (84.9% [95% ci: 78.8 – 91.0%])
than patients initiating crizotinib as second-/later-line
therapy (75.9% [95% ci: 65.9 – 85.9%]). Two-year survival,
however, was similar in patients initiating crizotinib as
first-line therapy (47.2% [95% ci: 34.7 – 59.7%]) versus
second-/later-line therapy (50.4% [95% ci: [35.1 – 65.7%]).
In the current study, 33 patients were reported to have
brain metastases at or prior to crizotinib initiation; 22 of
these patients initiated crizotinib as first-line therapy for
metastatic nsclc, and 11 initiated crizotinib as second-line
therapy. In a subanalysis conducted in this small sample
of patients, orr of the primary lung tumour for crizotinib
was similar (61% among first-line crizotinib recipients,
60% among second-line recipients) to that observed in
the overall study sample. One-year survival rates were
also similar (81% in first-line patients, 77% in second-line
patients) to the overall cohort.

DISCUSSION
There are currently few data available describing the use
of crizotinib and its outcomes among alk+ metastatic
nsclc patients in real-world practice settings. Before assessing the findings presented here within the context
of the few available reports on crizotinib use in regular
practice, our findings bear some comparison to available
data from the key crizotinib trials. First, overall response
rates to crizotinib seen in the current study (66% for the
overall study sample, 69% for first-line crizotinib initiators
and 60% for second-/later-line crizotinib initiators) were
consistent with response rates reported in treatmentnaïve patients (74%)12 and previously treated patients
(65%)13 in the phase 3 crizotinib trials. In another study
reporting phase 1 data, crizotinib recipients had an orr
of 61%15. Similar to these clinical studies, objective responses in the current study comprised almost entirely
partial responses. Given that crizotinib is a targeted agent
requiring diagnostic testing, the high response rates observed here (as in the previous trials) provides evidence
that providers are able to correctly diagnose the target
treatment candidates in real-world settings.
Clinical benefits of crizotinib in alk+ nsclc patients
with brain metastases have been documented in clinical
trial data16,17 and in single-case reports18, but no study to
our knowledge has yet made such an assessment in a broader real-world cohort. In the current study, we found robust
response rates (orr > 60%, regardless of line of crizotinib
initiation) for the primary tumour in the small subgroup of
patients with brain metastases prior to crizotinib initiation.
One-year survival in these patients was approximately 80%
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TABLE II Crizotinib treatment patterns
All Patients
(n=212)

Setting of Crizotinib Initiation (n=210)a
First-Line
(n=137)

Second- or Later-Line
(n=73)

P value

39.6 (64.5)

169.1 (178.0)

<0.0001

Time (days) from initial diagnosisb to crizotinib initiation
Mean (SD)
Median
Range (minimum, maximum)

85.4 (132.7)
26

20

91

(0, 720)

(0, 420)

(0, 720)

Initial crizotinib total daily dose prescribed, n (%)

0.0452

200 mg b.i.d.

32 (15.1)

22 (16.2)

8 (11.0)

250 mg b.i.d.

169 (79.7)

111 (81.6)

58 (79.5)

200 mg q.d.

8 (3.8)

3 (2.2)

4 (5.5)

250 mg q.d.

3 (1.4)

—

3 (4.1)

15 (7.1)

7 (5.1)

8 (11.0)

0.1207

Crizotinib dose changes, n (%)
Had ≥1 dose reduction
Had ≥1 dose escalation

6 (2.8)

2 (1.5)

4 (5.5)

0.0980

190 (89.6)

126 (92.6)

61 (83.6)

0.0413

1 (0.5)

2 (1.5)

—

0.4329

8.7

9.0

8.5

0.1008

2 (3.1)

1 (2.4)

1 (4.3)

0.6737

Disease progression following initial response

126 (59.4)

90 (66.2)

36 (49.3)

0.0175

Disease progression following no initial response

29 (13.7)

14 (10.3)

14 (19.2)

0.0722

Had no dose changes
Unknown
Duration (months) of crizotinib treatment, from initiation to last
observed dose, median
Reason(s) for final discontinuation of crizotinib, n (%)
Death

Treatment-related toxicity or side effects

10 (4.7)

2 (1.5)

8 (11.0)

0.0022

Patient request

41 (19.3)

25 (18.4)

15 (20.5)

0.7044

Other reason(s)

8 (3.8)

4 (2.9)

4 (5.5)

0.3619

Unknown

6 (2.8)

3 (2.2)

2 (2.7)

0.7432

81 (38.2)

49 (35.8)

32 (43.8)

0.4258

2 (0.5)

1 (0.7)

—

0.9455

Radiotherapy

38 (17.9)

21 (15.3)

17 (23.3)

0.4884

Chemotherapy

75 (35.4)

58 (42.3)

17 (23.3)

0.3274

Other ALK inhibitor in a clinical trial

10 (4.7)

5 (3.6)

5 (6.8)

0.3100

Targeted therapy

21 (9.9)

16 (11.7)

5 (6.8)

0.4748

Other

2 (0.5)

1 (0.7)

2 (2.7)

0.2252

Other treatments received after crizotinib discontinuation/
completion, n (%)
None
Surgery

SD = standard deviation; ALK = anaplastic lymphoma kinase; NSCLC = non-small cell lung cancer.
Line of crizotinib initiation was unknown for 2 patients.
“At diagnosis” refers, more specifically, to at diagnosis of metastatic ALK+ NSCLC.

a

b

regardless of line of crizotinib initiation, which is notably
higher than one-year survival in a recent trial-based report
for alk+ nsclc patients with brain metastases (~65%)17.
These results support emerging literature on the possible
clinical benefits of crizotinib in alk+ metastatic nsclc
patients with brain metastases. Of related importance,
we found a lower-than-expected rate of brain metastases
(~16%) at baseline (at/before crizotinib initiation) in the
patients reviewed here as compared with other clinical
and observational studies (ranging from 26 to 32%15,16,22).
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Median pfs for treatment-naïve crizotinib recipients
in the first-line clinical trial reported by Solomon et al. was
10.9 months12, which is consistent with the median pfs of
9.6 months estimated in our study for patients initiating
crizotinib as first-line therapy for metastatic disease. In
crizotinib recipients who received previous platinumbased chemotherapy, the second-line trial reported by
Shaw et al. estimated a median pfs of 7.7 months13, which
was numerically lower than, but still similar to, the median
pfs of 9.0 months reported in the current study for patients
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receiving crizotinib as second- or later-line therapy for
metastatic disease.
Overall survival was also consistent between the present study and previous clinical trials. Solomon et al.12, for
example, reported a 1-year survival probability of 84%
for treatment-naïve (i.e., first-line) crizotinib recipients,
which is consistent with the 85% 1-year survival probability
estimated here for patients who received crizotinib in the
first-line. From the second-line trial, Shaw et al.13 reported

FIGURE 1 Best clinical response during crizotinib treatment. ORR =
objective response rate. P value = 0.0457 for chi-square test for ORR
in first-line vs. second-/later-line initiators.

a median os of 20.3 months based on interim, immature
survival data in crizotinib recipients pre-treated with platinum-based chemotherapy; in a recently published update
to this study, final median os was 21.7 months19. Median
os for second-line crizotinib recipients was not reached
in our study, but the second-line survival curve shown in
Figure 3 indicates that median os was nearly reached and,
in fact, approaches two years, which is concordant with
final os from the second-line trial16. In our study, median
os for first-line crizotinib recipients and for the overall
study sample (regardless of line of crizotinib initiation)
was 23.4 months, which is consistent with the second-line
os estimates available in the Shaw et al. reports. Median
os was not reached for first-line crizotinib recipients in the
first-line trial reported by Solomon et al.12 . Aside from the
comparisons summarized above, which confirm similar
survival of crizotinib-treated patients in regular practice
as patients treated in clinical trials, our findings on os
also highlight the potential benefit of real-world studies
in providing confirmatory data or important interim evidence when clinical studies have not yet reached survival
data maturity20.
To our knowledge, only two previous studies have been
published that explore the topics of crizotinib use and its
outcomes in alk+ nsclc patients in a retrospective, observational study design: a retrospective analysis by Shaw et
al.21 of 82 crizotinib clinical trial enrollees in the United
States, South Korea, and Australia, and a more recent
medical record review by Guérin et al.22 of 119 alk+ nsclc
patients treated with crizotinib in the United States. In
both of these studies, as in our current study, all data were
drawn from a timeframe prior to the approval of other alk
inhibitors. Our study presents an additional stratification
(setting of crizotinib initiation: first- vs. second-/later-line)
and analysis (clinical response to crizotinib) that have not

TABLE III Kaplan-Meier point estimates of progression-free and overall survival
Overall (n=212)

Setting of Crizotinib Initiation (n=210)a
First-Line (n=137)

Second- or Later-Line
(n=73)

9.8 (0.4)

9.9 (0.5)

9.2 (0.7)

9.5 (8.7, 10.1)

9.6 (8.6, 10.2)

9.0 (7.7, 10.6)

6, 12

6, 13

6, 11

Progression-free survival
Time (months) to progression or death
from crizotinib initiation
Mean (SE)
Median (95% CI)
Q1, Q3
Overall survival
Time (months) to death from crizotinib initiation
Mean (SE)

19.8 (0.5)

20.0 (0.6)

16.6 (0.7)

23.4 (19.5, —)

23.4 (18.3, —)

— (15.1, —)

14, —

15, —

12, —

Percent still alive at 1 year after crizotinib initiation (95% CI)

81.9 (76.6–87.1)

84.9 (78.8–91.0)

75.9 (65.9– 85.9)

Percent still alive at 2 years after crizotinib initiation (95% CI)

49.1 (39.2–59.0)

47.2 (34.7–59.7)

50.4 (35.1– 65.7)

Median (95% CI)
Q1, Q3
1- and 2-year survival rates

SE = standard error; CI = confidence interval; Q1 = 1st quartile; Q3 = 3rd quartile.
of crizotinib initiation was unknown for 2 patients

a Line
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FIGURE 2 Kaplan-Meier curves for progression-free survival from crizotinib initiation. CI = confidence interval; Q1 = 25th percentile; Q3 = 75th
percentile. “Line” refers to line (1 = first-line, 2 = second-/later-line) of crizotinib initiation.

FIGURE 3 Kaplan-Meier curves for overall survival from crizotinib initiation. CI = confidence interval; Q1 = 25th percentile; Q3 = 75th percentile.
“Line” refers to line (1 = first-line, 2 = second-/later-line) of crizotinib initiation.

been previously reported in an observational study. Our
study may therefore fill an important and previously unaddressed literature gap on crizotinib use and effectiveness
in real-world settings.
To place the study population analyzed here into
context with the populations analyzed in the retrospective studies by Shaw et al.21 and Guérin et al.22, mean age
at crizotinib initiation in our pooled study was approximately 59 years, as compared with 51 years in the Shaw et
al. study and 67 years in the Guérin et al. study; in Guérin
et al., age was assessed at crizotinib discontinuation (the
point at which follow-up began on downstream endpoints)
rather than at crizotinib initiation. Our study sample was
more disproportionately male (68.9%) as compared with
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Shaw et al. (54%)21 and Guérin et al. (47%)22. Finally, the
distribution of smoking status in the study sample examined here conflicts with previous observations that nsclc
patients with alk rearrangements are disproportionately
“never smokers” (as opposed to current or former smokers)
when compared with the general nsclc population. One
previous study, for example, observed that 67% of a small
sample (n = 27) of alk+ patients were “never smokers23,”
which is consistent with the smoking status distributions
reported in the clinical studies by Solomon et al.12 and Shaw
et al.13,19. In our study, by contrast, only 32% of patients in
were reported as “never smokers.” While it is unclear why
the distribution of smoking status differed in our study
from previous reports, it appears that this discrepancy was
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inconsequential with respect to clinical endpoints based
on the consistency of orr and survival estimates in the
present study with the previous crizotinib clinical studies.
Because the retrospective study by Shaw et al.21 assessed os from first crizotinib dose, whereas Guérin et al.22
assessed os from last dose, the Shaw et al. os estimates bear
the most direct comparison with our study. In our cohort,
Kaplan-Meier estimate of median os from crizotinib initiation was approximately 2 years, while 1- and 2-year survival
from crizotinib initiation was 82% and 49%, respectively.
In the Shaw et al. retrospective study 21, median os was not
reached, but 1- and 2-year survival rates were estimated at
74% and 54%, respectively, which is generally consistent
with our findings. Shaw et al.21 additionally assessed os in
a control group of alk+ patients who did not receive crizotinib, finding that in the absence of crizotinib, patients
with alk+ nsclc have a prognosis similar to the general
population of nsclc patients. Combined, results of our current study and the study by Shaw et al.21 provide evidence
that crizotinib used in routine practice might substantially
improve response rates and os in patients with advanced,
alk+ nsclc. These findings also provide support for the
concept of accelerated approval for treatments showing
high response rates and improved survival in targeted
patient populations.
While findings on os reported here align with the generally positive results available from previous crizotinib trials, interpretation of our results (as those of previous trials)
should be made while considering the potential survival
impact of alk rearrangement independent of treatment
with alk inhibitors. While some previous research (Zhang
et al.24, for example) has shown no survival difference in
metastatic nsclc by alk status (after adjustments for initial
disease stage, histology, and egfr/kras mutation), a majority of studies (including a recent review article by Kulig et
al.25) have reported a poorer survival prognosis for patients
with alk-mutated (vs. wild type) tumours independent
of alk-inhibitor treatment. Further research is needed,
however, to more fully clarify the role of alk rearrangement
independent of treatments on the survival prognosis of
patients with metastatic nsclc.
As in the retrospective study by Guérin et al. 22, our
study assessed reasons for final crizotinib discontinuation as well as additional treatments received in the postcrizotinib setting. Although categories of discontinuation
reasons are not directly comparable between our study
and the study by Guérin et al., disease progression, in some
form, appears to be the most commonly cited reason for
crizotinib discontinuation in both studies. Of note, patient
request was cited as a reason for discontinuation in 19% of
patients in our study, which was fairly consistent with the
12% discontinuation rate due to patient request reported by
Guérin et al.22. However, in our study, approximately 90% of
patients experienced no change in crizotinib dose while on
the therapy, which combined with a 4.7% discontinuation
rate due to toxicities, suggests a potentially favourable tolerability profile of the treatment in the patients studied. In
a separate analysis of similarly-profiled crizotinib-treated
alk+ nsclc patients in a large administrative claims database, Guérin et al.22 reported that approximately 72% of
patients received no additional antineoplastic treatment
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after discontinuation of crizotinib; this estimate was
consistent with our finding that 65% of patients received
no additional systemic chemotherapy after crizotinib discontinuation. In the 75 patients in our study who initiated
additional chemotherapy post-crizotinib, carboplatin +
pemetrexed (17%), pemetrexed monotherapy (13%), and
docetaxel monotherapy (13%) were the most common postcrizotinib chemotherapy regimens observed.
Our study was subject to several limitations inherent in
retrospective medical record reviews. First, patients selected for study inclusion represented a “convenience” sample,
in that the records were obtained from physicians who were
willing to participate in the study. Therefore, study findings
may not be generalizable to all alk+ nsclc patients treated
with crizotinib or to all physicians who treat lung cancer in
the countries we studied. Relatedly, selection bias cannot
be excluded as an additional study limitation. Real-world
studies in oncology typically include patients who are older
and with poorer baseline performance status as compared
with interventional trials. If such patients predisposed to
better outcomes were more likely to be selected for the review, the study may present an overly optimistic estimate
of the real-world effectiveness of crizotinib. However, based
on the overall rarity of alk mutation in nsclc, evidence that
alk-mutated nsclc tumours in real-world populations tend
to occur in substantially younger patients26, and the relatively few exclusion criteria applied in previous crizotinib
trials, it is reasonable to expect that the population selected
for the current study would not systematically differ greatly
from other alk+ nsclc populations in previous trials and
observational studies. Second, information captured by
the study’s data collection form was limited to information available in the patients’ medical records held by the
physicians participating in the study. Potentially relevant
information on healthcare services and events, occurring
outside the physician’s care setting, including deaths occurring at non-local hospitals that were not reported back
to the attending oncologist (which is expected to occur
infrequently) was unavailable. Third, in retrospective
studies, response criteria are not dictated by a protocol,
and assessments (e.g., imaging studies) may not be done
on a uniform schedule. Therefore, results regarding this
endpoint may not be directly comparable to those observed in clinical trials. Similarly, assessments of tumour
progression in routine practice may not be made as often or
on a pre-defined, protocol-driven schedule, and therefore
progression may be identified somewhat later in patients
in routine practice as compared with clinical trials; estimates of pfs in retrospective studies may therefore have
an upward bias. In addition, analytic choices (censoring
progression events at initiation of a new therapy and censoring deaths occurring more than 14 weeks after crizotinib
completion and in those with unknown vital status at the
time of data collection) could exacerbate upward bias in
pfs and os estimates. Fourth, data were entered into the
data collection form directly by the treating physicians or
delegated clinical staff and therefore may have been subject
to entry errors and resulting inaccuracies in reporting. Responses to questions within the data collection form were
not validated against the patients’ medical records by an
independent reviewer. Finally, as noted earlier, all data
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for this study were drawn from a timeframe prior to the
approval of other alk inhibitors. The impact of follow-up
treatment with alternative alk inhibitors after crizotinib
discontinuation therefore could not be assessed.
Despite these limitations, this study provides useful
information on the use and outcomes of crizotinib in a
real-world population of alk+ metastatic nsclc patients
treated with crizotinib. The natural history of untreated
advanced alk+ nsclc is generally uncertain15. However,
1-year survival for advanced nsclc, even within first-line
clinical trials, is usually lower than 50%27. Results of the
present study, as well as a few previous real-world and
clinical trial-based studies, suggest that patients with alk+
metastatic nsclc patients treated with crizotinib have a
1-year survival rate of approximately 75% to 80%, as well
as a substantial orr (> 60%). These data therefore support
the potential of crizotinib to have a positive impact on
outcomes in patients with alk+ nsclc and are in line with
data previously reported in clinical studies.
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