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Abstract Crizotinib has been reported to be particularly
effective and to have acceptable toxicity in advanced
anaplastic lymphoma kinase (ALK)-positive, non-small cell
lung cancer (NSCLC). In this study, we analyzed the ef-
ficacy and tolerability of crizotinib in the treatment of 72
Chinese patients with ALK-positive, advanced NSCLC. All
patients received oral crizotinib 250 mg twice daily in
28-day cycles during the period June 1, 2013, to October
15, 2014. The tumor response was assessed after the first
cycle of crizotinib and then after every two cycles using the
Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.0. Tolerability was assessed at least twice per
cycle until crizotinib was discontinued. The patients tended
to be young (mean age 55 years, range 31-83 years), never
or light smokers (smoking index <400), and to have an
adenocarcinoma histology. Most (49/72; 68.1 %) had re-
ceived previous anticancer treatment before crizotinib
therapy. Sixty-seven patients (93 %) were able to be
assessed for efficacy. The objective response rate and dis-
ease control rate were 52.2 % (95 % CI 40.5-63.9 %) and
64.2 % (95 % CI 52.75-75.7 %), respectively. The esti-
mated median progression-free survival for all 67 patients
was 10.3 months (95 % CI 8.6—12.0 months). Mild visual
disturbances, nausea, vomiting, diarrhea and constipation
were the most commonly reported adverse effects. Thus,
crizotinib was well tolerated and showed promising
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efficacy in Chinese patients with ALK-positive, advanced
NSCLC. Further prospective, multicenter studies with a
larger sample size are needed to confirm these findings.
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Introduction

Lung cancer, approximately 85 % of cases of which are
non-small cell lung cancer (NSCLC), continues to be a
leading cause of cancer deaths worldwide, posing a major
threat to human health [1, 2]. Currently, individualized
treatment is being emphasized for cancer patients [3], and
the use of molecular-targeted therapy in genetically
specific subsets of cancer patients has shown promising
efficacy for many cancers, including NSCLC [4-7].

Anaplastic lymphoma kinase (ALK) is a new tyrosine
kinase target that has been validated recently in NSCLC [8,
9]. ALK gene rearrangements, most often consisting of a
chromosome two inversion that leads to fusion with the
echinoderm microtubule-associated protein-like 4 (EMLA4)
gene, result in abnormal expression and activation of ty-
rosine kinase in the cytoplasm of cancer cells [10]. In
NSCLC, ALK gene rearrangements are found in only a mi-
nority of cases, occurring in 2—7 % of all NSCLC patients [8,
10, 11]. Nevertheless, several studies have indicated that
ALK-positivity may represent a molecular subset of NSCLC
with different clinical features, since younger patients who
have an adenocarcinoma histology and have never smoked
are more likely to harbor this mutation [12—16]. Recently, a
large-scale study in Chinese patients showed that a younger
age at diagnosis was the only independent variable associ-
ated with EMLA4-ALK rearrangements [17].
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Recent studies with crizotinib, an oral, small-molecule, ty-
rosine kinase inhibitor that targets ALK, MET and ROS-1 [18-
20] have demonstrated the efficacy and tolerability of this
agent in advanced, ALK-positive NSCLC patients [11, 21-24].
In a phase 1, open-label, multicenter trial evaluating the effi-
cacy and adverse event profile of crizotinib in a cohort of 82
ALK-positive lung cancer patients, treatment for a mean du-
ration of 6.4 months achieved an overall response rate (ORR)
of 57 %, and the estimated probability of 6-months’ progres-
sion-free survival (PFS) was 72 %. Mild gastrointestinal dis-
turbances were the main adverse effects observed in this study
[11]. Subsequently, updated data from a study involving 143
patients confirmed the durable response and tolerable adverse
effect profile of crizotinib in patients with ALK-positive
NSCLC [24]. More recently, a phase 3, open-label study
comparing crizotinib with standard chemotherapy indicated
that crizotinib was superior to pemetrexed or docetaxel in
previously treated, ALK-positive, advanced NSCLC. Response
rates were 65 % with crizotinib as compared with 20 % with
the standard chemotherapy regimens (p < 0.001) [22].

In the present study, we analyzed the efficacy and tol-
erability of crizotinib in the treatment of advanced, ALK-
positive NSCLC in Chinese patients.

Patients and methods
Patients

A total of 72 patients with ALK-positive NSCLC who re-
ceived crizotinib between June 1, 2013, and October 15,2014,
at Shanghai Chest Hospital, Shanghai Jiao Tong University,
were prospectively enrolled in the study. All were histo-
logically diagnosed and staged as clinically advanced (stage
IV or stage IIIB with pleural effusion) NSCLC. Before ini-
tiation of therapy, all patients were evaluated by computed
tomography (CT) of the thorax, an electrocardiogram (ECG),
enhanced magnetic resonance imaging (MRI) of the brain and
abdominal ultrasound. In addition, routine hematology tests
(e.g., red blood cell counts, hemoglobin, white blood cell and
platelet counts), biochemistry analyses (including alanine
aminotransferase, aspartate aminotransferase, alkaline phos-
phatase, glutamyl endopeptidase and lactate dehydrogenase),
coagulation tests and urinalyses were performed, and a
medical history was taken from each patient. Patients with
symptomatic brain metastases or an Eastern Cooperative
Oncology Group performance status (ECOG PS) of more
than two were not enrolled. There was no limit to the number
of previous treatment regimens for any patient. Age, gender,
smoking status, histologic type, epidermal growth factor re-
ceptor (EGFR) mutation status, clinical stage, number of
previous therapies, the overall response, PES and toxicity
were all recorded.
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The study was approved by Ethics Committee of
Shanghai Chest Hospital, Shanghai Jiao Tong University,
Shanghai. All patients provided written informed consent
before enrollment.

Crizotinib treatment and response evaluation

All patients received oral crizotinib 250 mg twice daily in
28-day cycles. The tumor response was assessed after the
first cycle of crizotinib therapy and subsequently after every
two cycles using the Response Evaluation Criteria in Solid
Tumors (RECIST), version 1.0 [25]. CT scans were used to
assess the response to crizotinib as clinically indicated or
until discontinuation of treatment. The overall response to
crizotinib was reported as either a complete response (CR),
partial response (PR), stable disease (SD) or progressive
disease (PD). Patients continued to receive crizotinib treat-
ment as long as they did not have PD or intolerable adverse
effects. The cutoff date for the study was December 1, 2014.

Molecular pathology detection

For EGFR and ALK mutation detection, tumor samples
were obtained via either diagnostic or surgical procedures.
We used the ADx EGFR Mutation Detection Kit (Amoy
Diagnostics, Xiamen, China), which has received approval
by China’s Food and Drug Administration (CFDA) for
clinical usage in mainland China. The principle of ampli-
fication refractory mutation system (ARMS) was used in
the kit. Fluorescence in situ hybridization (FISH) and im-
munohistochemical methods were used for ALK detection.

Immunohistochemical analysis was conducted with the
monoclonal antibody D5F3 (Ventana Medical Systems,
Tucson, AZ, USA).

Assessment of tolerability

Tolerability was assessed at least twice in each treatment
cycle until crizotinib was discontinued by the occurrence of
adverse events, ECGs, routine hematology and biochem-
istry testing, coagulation tests and urinalyses. All toxicities
were summarized and reported according to the National
Cancer Institute’s Common Terminology Criteria for Ad-
verse Events (NCI CTCAE), version 3.0.

Statistical analysis

Pearson’s y” tests and Fisher’s exact tests were used for
analyzing the ORR and disease control rate (DCR) ac-
cording to patient characteristics. PFS was defined as the
time from the date crizotinib was first administered until
the date of objective PD or the death of any patient. The
Kaplan—-Meier method was used to estimate PFS, and
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log-rank tests were used to compare differences between
subgroups. All confidence intervals reported were two-
sided, and p values <0.05 were considered statistically
significant. Statistical analysis was performed using SPSS®
software, version 13.0 (SPSS Inc., Chicago, IL, USA).

Results

The demographic and clinicopathologic characteristics of
the 72 ALK-positive NSCLC patients enrolled in the study
are summarized in Table 1. Patients tended to be young

Table 1 Demographic and clinicopathologic characteristics of the 72
patients

n (%)

Age (years)

Mean 55

Range 31-83
Gender

Male 34 472

Female 38 52.8
ECOG performance status

0 8 11.1

1 62 86.1

2 2 2.8
No. of previous therapies

0 23 31.9

1 31 43.1

2 10 13.9

>3 8 11.1
Radical surgery history

Yes 18 25

No 54 75
Histologic type

Adenocarcinoma 68 94.4

Squamous cell carcinoma 2 2.8

Other 2 2.8
Smoking history®

Never 52 72.2

Smoking index <400 5 6.9

Smoking index >400 15 20.9
Clinical stage

1B 4 5.6

v 68 94.4
EGFR detection

Negative 38 52.8

Positive 1 1.4

Unknown 33 45.8

* Smoking index was calculated as numbers of cigarettes smoked per
day multiply years of smoking

(mean age 55 years, range 31-83 years), never or light
smokers (smoking index <400), with an adenocarcinoma
histology. Most patients (49/72; 68.1 %) had received
previous anticancer treatment prior to crizotinib therapy.
Of those with a known EGFR mutation status (n = 39),
one patient (2.6 %) was found to have a leucine-to-arginine
substitution at position 858 (21L858R).

Five patients (6.9 %) discontinued crizotinib therapy at
an early stage due to either intolerable adverse effects or
other reasons, and these patients were not included in the
subsequent efficacy analysis, although they were included
in the safety evaluation. At the study cutoff date, the me-
dian duration of treatment for the 67 patients who were
evaluable for efficacy was 5.7 months (range
1.0-17.7 months); 47 patients (70.1 %) continued to re-
ceive crizotinib therapy until the cutoff date (Fig. 1).

Efficacy evaluation

Of the 67 patients evaluable for efficacy, one (1.5 %) met
the RECIST criteria for a CR and 34 (50.8 %) were con-
firmed as having a PR. Twenty-four patients (35.8 %) had
PD at the cutoff date, while eight (11.9 %) were evaluated
as SD. The ORR (CR and PR) was 52.2 % (95 % CI
40.5-63.9 %), and the DCR (CR, PR and SD) was 64.2 %
(95 % CI 52.7-75.7 %). On the basis of patient charac-
teristics, the proportion of patients with an objective

Patients
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Treatment duration (months)

Fig. 1 Duration of crizotinib treatment in the 67 patients evaluable
for efficacy. Blue bars indicate patients who continued to receive
crizotinib at the study cutoff date, while red bars indicate patients
(n = 20) who discontinued crizotinib treatment
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response rate and those with the DCR were similar re-
gardless of age (<60 vs. >60 years), radical surgery his-
tory, histologic type and EGFR mutation status. The ORR
and DCR were lower among those who had received
multiple-line (third-line or later) treatment prior to crizo-
tinib therapy, but the differences were not statistically
significant (p = 0.702 and p = 0.588, respectively;
Table 2). Although the ORR of female patients was sig-
nificantly higher than that of males (64.7 vs. 39.4 %, re-
spectively; p = 0.038), this was not the case for the DCR
(p = 0.548; Table 2). Four of the 24 patients (16.7 %) with
disease progression continued to receive crizotinib, two of
whom were given sequential crizotinib and standard che-
motherapy as they were deriving ongoing clinical benefit
from crizotinib.

The estimated median PFS for all 67 patients was
10.3 months (95 % CI 8.6-12.0 months; Fig. 2). In pa-
tients receiving first-line crizotinib therapy (n = 21), the
median PFS was 14.3 months (95 % CI 9.4-19.1 months;
Fig. 3a), while in patients receiving crizotinib as second-
line or later treatment (n = 46), the median PFS was
10.0 months (95 % CI 7.2-13.0 months; Fig. 3a). How-
ever, there was no statistically significant difference be-
tween these two groups (p = 0.352). Similar results were
found when comparing PFS between second-line and
other-line treatment, and multiple-line and other-line
treatment (p = 0.932 and p = 0.257, respectively; Fig. 3b,
c). At the study cutoff date, the median overall survival
(OS) had not been reached; 18 of the 67 patients (26.9 %)
had died, and 49 (73.1 %) were still being followed up for

Table 2 Objective response

rate and disease control rate Characteristics Objective response rate Disease control rate
according to patient nIN (%) p nIN (%) p
characteristics (evaluable
patients; n = 67) Gender
Male 13/33 394 0.038 20/33 60.6 0.548
Female 22/34 64.7 23/34 67.6
Age (years)
<60 24/46 522 0.987 30/46 65.2 0.793
>60 11/21 52.4 13/21 61.9
ECOG performance status®
0 4/8 50 1.000 5/8 62.5 1.000
1 30/58 51.7 37/58 63.8
2 171 100 1/1 100
Previous therapies
0 11721 524 0.702 15/21 71.4 0.588
1 16/28 57.1 18/28 64.3
>2 8/18 44.4 10/18 55.6
Radical surgery history
Yes 8/16 50 0.837 10/16 62.5 0.872
No 27/51 529 33/51 64.7
Histologic type®
Adenocarcinoma 33/63 524 1.000 41/63 65.1 0.614
Other 2/4 50 2/4 50
Smoking status®
Never 27/47 333 0414 30/47 63.8 0.601
Smoking index <400 2/6 57.4 5/6 83.3
Smoking index >400 6/14 429 8/14 57.1
Clinical stage®
1B 3/4 75 0.615 3/4 75 1.000
1AY 32/63 50.8 40/63 63.5
EGFR mutation
Negative 19/36 52.8 0.924 23/36 63.9 1.000
Unknown 16/31 51.6 20/31 64.5
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Fig. 2 Kaplan-Meier curve of progression-free survival for 67
patients. Tick marks represent censored observations

survival. The estimated OS at 6 and 12 months was 85.1 %
95 % CI 76.6-93.6 %) and 77.6 % (95 % CI 67,
0.6-87.7 %), respectively.

Tolerability

Sixty-four of the 72 treated patients (89 %) experienced
crizotinib-related adverse events (Table 3). Mild visual
disturbances were the most common adverse effects and
were reported by 35 patients (49 %). As well as visual
disturbances, gastrointestinal disturbances, including nau-
sea, vomiting, diarrhea and constipation, were also frequent
treatment-related adverse effects. In addition, decreased
appetite, elevations in alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), peripheral edema, fa-
tigue, dizziness and rash were also reported commonly.
However, most of these reactions were transient during
crizotinib treatment.

Grade 3 or 4 adverse events were observed in ten pa-
tients (14 %). Grade 3 elevations in ALT and AST were
observed in three (4 %) and two patients (3 %), respec-
tively, while five patients experienced grade 3 vomiting
and one patient had grade 3 pneumonitis. In one patient, an
acute pulmonary embolism occurred less than a month
after beginning crizotinib therapy, which led to death. Four
patients (6 %) discontinued crizotinib (three for vomiting
and one for elevations of ALT and AST), while two pa-
tients (3 %) required a dosage reduction because of treat-
ment-related adverse events (one for vomiting and one for
elevations of ALT and AST).

Discussion

The findings of this study suggest that crizotinib is well
tolerated and has promising efficacy in ALK-positive, ad-
vanced NSCLC in Chinese patients, with an ORR of more
than 50 % and a median PFS of more than 10 months.

As previously reported [12-15], we found that patients
who were ALK-positive were predominantly young, never
or light smokers, and had an adenocarcinoma histology. Of
those with a known EGFR mutation status, one ALK-
positive patient had a leucine-to-arginine substitution at
position 858 (21L858R). The incidence of ALK rear-
rangement and concurrent EGFR mutations may be lower
than previously reported, and a possible reason for this
might be that more EGFR mutations occur among the
status-unknown population. EGFR mutation patients share
some crucial clinical characteristics with patients with ALK
rearrangement, such as an adenocarcinoma histology and
never or light smoking. However, a recent large-scale study
in Chinese people showed that a younger age at diagnosis
was the only independent variable associated with EML4-
ALK rearrangements, while lower tobacco exposure, ade-
nocarcinoma histology and moderate-to-high tumor dif-
ferentiation were independently associated with EGFR
mutations [17]. ALK rearrangements typically occur inde-
pendently of EGFR and KRAS gene mutations [12, 13, 16,
26]. Thus, EGFR mutations may define a specific mole-
cular subgroup of NSCLC.

Crizotinib showed encouraging efficacy in the present
study with more than half of the patients achieving an
objective response. The ORR was largely independent of
age, performance status, line of therapy, radical surgery
history, histologic type, clinical stage, smoking status or
EGFR mutation status, but female patients seemed to ob-
tain a better objective response rate than males. However,
the DCR, which reached 64.2 % in this study, seemed
largely independent of all of the above characteristics.

The median PFS in our study population was over
10 months. This is higher than in previous studies, and a
possible reason for this may be that crizotinib exposure in
Asian patients is higher than in other populations. We
found no statistically significant differences in PFS be-
tween different lines of therapy. OS data had not been
reached at the study cutoff date, and most patients were
still being followed up for survival. The estimated OS at 6
and 12 months was 85.1 and 77.6 %, respectively. In a
previous study that assessed the efficacy of crizotinib in
ALK-positive patients [23], the median OS was not reached
(95 % CI 17 months to not reached), indicating that ALK-
positive patients may achieve a long survival time with this
agent. In addition, this study indicated that OS did not
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Fig. 3 a Kaplan—-Meier curves of progression-free survival for
crizotinib as  first-line treatment and other-line treatment
(p = 0.352, log-rank test). b Kaplan—Meier curves of progression-
free survival for crizotinib as second-line treatment and other-line

differ based on age, sex, smoking history or ethnic origin
[23].

Crizotinib seemed to be well tolerated in our study,
although the majority of cases experienced treatment-re-
lated adverse events. However, most adverse events were
mild and transient. Mild visual disturbances were the most
commonly reported adverse events, with about half of
patients experiencing this toxicity. Grade 3 or 4 gastroin-
testinal reactions and liver dysfunction were the main

@ Springer

treatment (p = 0.932, log-rank test). ¢ Kaplan—-Meier curves of
progression-free survival for crizotinib as third-line treatment and
other-line treatment (p = 0.257, log-rank test). Tick marks represent
censored observations

reasons for crizotinib dosage reductions or discontinuation.
Notably, one patient suffered an acute pulmonary em-
bolism which led to death less than a month after beginning
crizotinib treatment.

Four patients with PD in our study continued to receive
crizotinib as we believed these patients would acquire
clinical benefit from the drug, despite being assessed as PD
by RECIST. However, our OS data were not mature. Re-
cently, a retrospective analysis indicated that continuing
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Table 3 Treatment-related adverse events in the 72 patients treated

Adverse event Any grade®
n (%)
Visual disturbance 35 49
Nausea 34 47
Diarrhea 31 43
Vomiting 26 36
Constipation 19 26
Decreased appetite 15 21
ALT elevation 15 21
Peripheral edema 12 17
Fatigue 10 14
Dizziness 9 13
AST elevation 8 11
Rash 8 11
Adverse event Grade 34
n (%)

ALT elevation 3 4
AST elevation 2 3
Vomiting 5 7
Pneumonitis 1 1
Pulmonary embolism 1 1

AE adverse event, ALT alanine aminotransferase, AST aspartate
aminotransferase

? These adverse events occurred in at least 10 % of the patients

ALK inhibition with crizotinib after PD may provide a
survival benefit to patients with advanced, ALK-positive
NSCLC [27]. RECIST-defined PD can be used as an
indication for chemotherapy withdrawal, but not always for
the withdrawal of targeted therapies [28]. Some of the
limitations of RECIST are cancer and therapy specific and
are observed in patients with specific genomic mutations
treated with specific targeted therapies [29, 30]. Thus,
whether long-term clinical benefit is derived from crizo-
tinib will need to be reassessed for patients with RECIST-
defined PD.

The methods to detect ALK rearrangement are not yet
uniform. Current approaches to detecting ALK rearrange-
ment mainly include immunochemistry, reverse transcrip-
tion polymerase chain reaction (RT-PCR) technology and
FISH. All three methodologies have shown good sensi-
tivity, specificity and concordance [31-33]. FISH analysis
is considered the gold standard for the detection of ALK
rearrangement. However, this method is relatively time-
consuming and expensive, and its routine application is
difficult. Immunochemistry for the detection of ALK rear-
rangement can be used for limited tissue samples, and this
technique has simple and feasible procedures [34]. Some

studies have suggested that immunochemistry can be used
as a tool for large-scale screening, but the results need to be
confirmed by other methods [33, 35, 36]. In this study, we
used monoclonal antibody D5F3, which showed the best
sensitivity among three clones (ALKI1 clone, 5A4 clone
and D5F3 clone) and a specificity of 100 % [31, 32] to
screen for ALK rearrangement, which was then verified by
FISH.

Our study has some limitations, including the fact that it
was a single-center study with a relatively small sample
size. Consequently, its findings need to be confirmed by
subsequent multicenter studies with larger sample sizes. In
addition, when considering the efficacy of crizotinib, the
study’s results should be interpreted with caution since
most patients had previously received systemic anticancer
treatment before receiving crizotinib. Such treatments may,
in some way, affect the efficacy of crizotinib. A previous
study [24] and our findings suggest that the response rate is
largely independent of the line of treatment [24]. We found
no statistically significant differences in PFS between dif-
ferent lines of treatment.

In conclusion, crizotinib was well tolerated and showed
promising efficacy in Chinese patients with ALK-positive,
advanced NSCLC. To the best of our knowledge, this is the
first study assessing the efficacy and tolerability of crizo-
tinib in the treatment of ALK-positive, advanced NSCLC in
Chinese subjects. However, due to the limitations of this
work, prospective multicenter analysis with a larger sample
size is needed to confirm these findings.
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