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Methods: A total of 48 patients with ALK-positive, previously untreated advanced
NSCLC, who received crizotinib and ceritinib as front-line treatment were retrospec-
tively investigated. The efficacy and pattern of disease progression were analyzed.

'Equal contribution. Results: Patients receiving ceritinib treatment were significantly younger than

those receiving crizotinib treatment (52.0 vs. 63.0, P = 0.016). The median
Received: 29 August 2019; progression-free survival (PFS) was significantly longer with ceritinib than with
Accepted: 26 September 2019. crizotinib treatment (32.3 vs. 12.9 months; log-rank P = 0.020); the hazard ratio

for disease progression or death, 0.27 (95% CI, 0.08-0.90; P = 0.033). An objec-
tive response was noted in all patients in the ceritinib group and in 23 patients
in the crizotinib group (74.2%; 95% CI, 59.0 to 88.5). The rate of systemic pro-
gression was significantly lower over time with ceritinib treatment compared to
crizotinib treatment (cause-specific hazard ratio, 0.21; 95% CI 0.06-0.73;
P =0.014). Serious adverse events were noted in one (2.9%) patient showing ele-
vated liver function in the crizotinib group and three (23.1%) patients showing
diarrhea in the ceritinib group. Dose reduction was needed in five out of
13 (38.5%) patients receiving ceritinib treatment.

Conclusion: Ceritinib showed higher efficacy associated with a better control of
systemic progression compared to crizotinib for the front-line treatment of ALK-
positive advanced NSCLCs.

doi: 10.1111/1759-7714.13221

Thoracic Cancer 10 (2019) 2274-2281

. revolutionized the survival in some patients.” One specific
Introduction . . . o
patient group which has experienced a dramatic improve-
Advanced non-small cell lung cancer (NSCLC) is a deadly ment in survival are those patients with anaplastic lym-
disease with a dismal prognosis." However, a treatment  phoma kinase (ALK) fusion NSCLC who receive treatment

strategy targeting the inhibition of driving mutations has with ALK tyrosine kinase inhibitors (ALKi).
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Crizotinib, the first FDA-approved ALKi for the treat-
ment of advanced ALK-positive NSCLC, has shown supe-
rior efficacy compared to the standard of care
chemotherapy docetaxel and pemetrexed-cisplatin doublet
in the second- and first-line setting, respectively.>* Disease
progression usually occurs around 10 to 12 months during
crizotinib treatment where the pattern of progression
involves a high frequency of brain metastasis which targets
the brain as a sanctuary site.>® This finding can be partly
attributed to the drug transporters located at the blood brain
barrier that actively efflux the therapeutic drugs and thereby
reduce their concentrations in the brain tissue.” A previous
study in a mouse model indicated that gene knockout mice
lacking the drug transporters P-glycoprotein (ABCB1) and
breast cancer resistance protein (ABCG2) had a 20- to
70-fold higher brain accumulation of crizotinib than their
wild-type counterparts.® In light of this, the second genera-
tion ALKi alectinib, which is not a substrate of the drug
transporters ABCB1 and ABCG2, has shown a superior effi-
cacy over crizotinib in comparative studies.>'® This advan-
tage over crizotinib was mainly attributed to a lower
incidence of brain progression during the treatment of
alectinib, whereas the incidence of systemic progression
between the two drugs was similar."

Apart from alectinib which features a promising brain
tissue penetration, another second generation ALKi
ceritinib is characterized by a relatively high potency
against ALK tyrosine kinase compared to crizotinib and
alectinib.''? Ceritinib was the first FDA-approved second
generation ALKi for the treatment of ALK-positive
NSCLC. It has shown promising efficacy over chemother-
apy for patients with disease progression from crizotinib
treatment and also patients who have not been previously
treated.'>'* Given the high potency of ceritinib, both
against wild-type ALK as well as a number of gatekeeper
mutations,”” ALK-positive NSCLC patients treated with
ceritinib may have a better control of systemic progression
than those treated with crizotinib, albeit evidence of the
direct comparison between the two drugs is scarce.

On the other hand, the adequate penetration of ceritinib to
brain tissues for the control and prevention of brain metasta-
sis remains a controversial issue. A previous study of a mouse
model had shown that the penetration of ceritinib, as mea-
sured by the ratio of plasma to cerebral spinal fluid concen-
tration, was only around 15% in which the active efflux of
ceritinib by the drug transporters ABCB1 and ABCG2 still
accounted for its reduced penetration to brain tissues.'® This
finding may also partly be associated with a diverse intracra-
nial efficacy of ceritinib, as the intracranial objective response
rate of brain metastasis ranged between 40% to 70% for
ALKi-naive patients who received ceritinib treatment.'*'”'®

In the meantime, no dedicated clinical trial which directly
compares the therapeutic outcome between ceritinib and
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crizotinib is available, except a few reports which indirectly
compare the two drugs using the patients that propensity
score-matched from individual clinical trials originally con-
ducted for the study of crizotinib and ceritinib, respec-
tively.'*? These indirect comparisons are insightful for the
analysis of the primary outcomes consistently defined across
the original trials, such as progression-free or overall sur-
vival, although they might not be feasible for the analysis of
the outcomes, such as the pattern of disease progression, as
these were not consistently defined across the trials. In this
study, we retrospectively compared a group of patients who
received either crizotinib or ceritinib as the front-line treat-
ment and the treatment efficacy, pattern of disease progres-
sion and toxicity profile were analyzed.

Methods

Patients

Between January 2015 and August 2018, a total of
110 patients with advanced or metastatic ALK fusion
NSCLCs diagnosed by Ventana ALK (D5F3) CDx immu-
nohistochemistry assay (Roche Diagnostics, USA) at Chang
Gung Memorial Hospital were retrospectively reviewed
using Chang Gung Research Database. A total of
48 patients had ALK inhibitors as the front-line treatment,
in which 35 patients received crizotinib 250 mg twice daily
and 13 patients received ceritinib 750 mg or 450 mg once
daily. Progression-free survival (PFS) was defined as the
interval between the date of the start of ALK inhibitors
and the date of either radiologically-documented progres-
sion or death. The treatment response, defined as complete
response (CR), partial response (PR), stable disease (SD),
and progressive disease (PD), was evaluated according to
the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1. The pattern of post-ALK inhibitor
disease progression was also reviewed and defined as either
systemic progression without prior CNS progression/death
or CNS progression without prior systemic progression/
death. The toxicities noted during ALK inhibitor treatment
were systemically reviewed and the toxicity was graded
according to the National Cancer Institute Common Tox-
icity Criteria, version 5.0. The study was approved by the
Ethics Committee of Chang Gung Memorial Hospital.

Statistical analysis

The Mann-Whitney test was used to determine the statisti-
cal significance between two groups of continuous vari-
ables; Fisher’s exact tests were used for categorical
variables. The Kaplan-Meier survival curve was analyzed
using the R package survival, and the hazard ratio was ana-
lyzed using the Cox regression model. For the propensity
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score matching analysis, the ceritinib versus the crizotinib
group served as the dependent variable; the covariates used
included age, smoking history, Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS) and brain
metastasis. The coefficient for each covariate was deter-
mined by logistic regression analysis, and the propensity
score of each individual was calculated as the sum of the
product of each coefficient and the value of each covariate.
The pairs of ceritinib and crizotinib individuals with equiv-
alent propensity scores were selected in a 1:2 manner using
the R package MatchIt. The patterns of post-ALK inhibitor
disease progression were treated as competing risk events
of which the cumulative incidence functions were calcu-
lated.”" The modified Cox regression model for the sub-
distribution hazard of the cumulative incidence function
was applied® to calculate the hazard of disease progression
from a given pattern in the presence of competing event
using the R package cmprsk. All the reported P-values
were two-sided, and a P-value less than 0.05 was consid-
ered to be statistically significant. All the data were ana-
lyzed using SPSS 10.1 (SPSS Corp., Chicago, IL, USA).

Results

Baseline patient characteristics

Clinical data from 48 patients of ALK fusion advanced or
metastatic NSCLC receiving firstline ALK inhibitor treat-
ment (35 in the crizotinib group and 13 in the ceritinib

Table 1 Baseline characteristics of the study population
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group) were extracted from the Chang Gung Research
Database. Most of the baseline clinical characteristics,
including sex, ECOG PS, brain metastasis and treatment
for brain metastasis, were well balanced between the
crizotinib and ceritinib groups (Table 1); the age of the
patients receiving crizotinib was significantly older than
the patients receiving ceritinib (63 [56-69] vs. 54 [37-58];
P = 0.016) and the frequency of smoking history in
crizotinib group was lower than the ceritinib group (22.9%
vs. 38.5%; P = 0.298; Table 1). The median duration of
follow-up was 9.6 months for the crizotinib group and
36.0 months for the ceritinib group. At the time of analy-
sis, 11 patients (31.4%) had discontinued treatment in the
crizotinib group and five patients (38.5%) had discontinued
treatment in the ceritinib group.

Treatment efficacy between crizotinib and
ceritinib

At the time of data cutoff, a total of 17 events of disease
progression or death had been noted (12 of 35 patients
[34.3%] in the crizotinib group and five of 13 patients
[38.5%] in the ceritinib group). The 18-month PES rate
was significantly higher in the ceritinib group than in the
crizotinib group (87.5% [95% confidence interval,” 65.5 to
100.0] vs. 31.1% [95% CI, 15.8 to 46.4]); the hazard ratio
for disease progression or death was 027 (95% CI,
0.08-0.90; P = 0.033); and the median PFS with ceritinib
treatment was 32.3 months (95% CI, 19.6 to not

Variables, n (%) Total (n = 48) Crizotinib (n = 35) Ceritinib (n = 13) P-value
Age, median (range), year 60 (50-67) 63 (56-69) 54 (37-58) 0.016
Sex
Male 24 (50.0) 17 (48.6) 7 (53.8) 1.000
Female 24 (50.0) 18 (51.4) 6 (46.2)
Smoking history
Smoker/ex-smoker 13 (27.1) 8(22.9) 5(38.5) 0.298
Nonsmoker 35 (82.9) 27 (77.1) 8(61.5)
ECOG PS
Oor1 46 (95.8) 33(94.3) 13 (100.0) 1.000
2 2(4.2) 2(5.7) 0
Staging
e 3(6.3) 3(8.6) 0 0.553
[\ 45 (93.7) 32(91.4) 13 (100.0)
Histology
Adenocarcinoma 48 (100.0) 35 (100.0) 13 (100.0) 1.000
Brain metastasis
Yes 16 (33.3) 12 (34.3) 4 (30.8) 1.000
No 32 (66.7) 23 (65.7) 9(69.2)
Treatment for brain metastasis (No./total No.)
WBRT 7/8 (87.5) 5/6 (83.3) 2/2 (100) 1.000
SRS 1/8 (12.5) 1/6 (16.7) 0

ECOG PS, Eastern Cooperative Oncology Group performance status; SRS, stereotactic radiosurgery; WBRT, whole-brain radiotherapy.
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Figure 1 Kaplan-Meier curve of PFS between crizotinib and ceritinib in
the study population. ALK inhibitor (——) ceritinib and ( ) crizotinib.

estimable), as compared with 12.9 months (95% CI, 10.6 to
not estimable; log-rank test P = 0.020; Fig 1) with
crizotinib treatment. The tumor burden was estimable for
an objective response in 44 patients (31 with crizotinib and
13 with ceritinib), in which the CR, PR, SD and PD were
3.2%, 71.0%, 16.1% and 9.7% for the crizotinib group and
100% of PR in the ceritinib group (Fig 2); a better response
rate was noted for the patients receiving ceritinib treatment
(100.0% vs. 74.2%, P = 0.082; Table 2).
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Propensity score-matched cohort analysis

To address the confounding factors that can potentially
affect the therapeutic efficacy between the two groups (ie,
mainly the age and smoking history), we performed pro-
pensity score matching analysis. After 1:2 matching
according to the individual’s propensity score—one who
belonged to the ceritinib group and two who belonged to
the crizotinib group—patients with balanced clinical pro-
files were selected (Table 3). Among the propensity score-
matched subpopulation, the median PFS of the ceritinib
group remained longer than that of patients in the
crizotinib group (45.0 months [95% CI, 19.6 to not estima-
ble] vs. 11.5 months [95% CI, 6.6 to not estimable]; log-
rank test P = 0.010; Fig 3); the 18-months PFS rate (85.7%
[95% CI, 68.8 to 100.0] vs. 23.0% [95% CI, 3.6 to 42.4])
and the hazard ratio for disease progression or death, 0.18
(95% CI, 0.04-0.75; P = 0.018; Fig 3) were also significantly
better for patients receiving ceritinib treatment.

Pattern of disease progression between
crizotinib and ceritinib

The pattern of post-treatment disease progression, either
systemic or CNS progression, was analyzed in a fashion of
competing risk based on a cumulative incidence rate. The
rate of systemic progression was significantly lower over
time with ceritinib treatment as compared to crizotinib
treatment (cause-specific hazard ratio, 0.21; 95% CI
0.06-0.73; P = 0.014, Fig 4), where 2 (15.4%) patients in
the ceritinib group and nine (25.7%) patients in the
crizotinib group had an event of systemic progression. In
addition, the rate of CNS progression was equivalent

b Percent Change in Tumor Burden (N=13)

Change from baseline (%)

Figure 2 Waterfall plot for the percentage decrease of tumor burden of each patient with evaluable tumor response in (a) crizotinib group, (b)

ceritinib group.
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Table 2 Objective response rate in the study population

Variables, n (%) Crizotinib (n =31)  Ceritinib (n = 13)

Response

No. of patients 23 13

% (95% Cl) 74.2 (61.3-87.1) 100 (100-100)*
Complete response, No. (%) 1(3.2) 0
Partial response, No. (%) 22 (71.0) 13 (100.0)
Stable disease, No. (%) 5(16.1) 0
Progression disease, No. (%) 3(9.7) 0

*P =0.082 for the comparison between ceritinib and crizotinib.

between ceritinib and crizotinib treatment (cause-specific
hazard ratio, 1.27; 95% CI 0.33-4.94; P = 0.730, Fig 4).

Adverse events profile

The most commonly noted all grade adverse events in
patients in the crizotinib group included nausea/poor
appetite (seven patients; 20.0%), diarrhea (seven patients;
20.0%) and elevated AST/ALT (12 patients; 34.3%). In the
ceritinib group, the most commonly noted all grade
adverse events included diarrhea (seven patients; 53.8%),
nausea/poor appetite (six patients; 46.2%) and vomiting
(three patients; 23.1%; Table 4). Serious adverse events of
grade 3-5 were noted in one (2.9%) patient showing ele-
vated AST/ALT in the crizotinib group and three (23.1%)
patients showing diarrhea in the ceritinib group. Dose

Table 3 Characteristics of the propensity score-matched cohort

Total Crizotinib Ceritinib
Variables, n (%) (n=30) (n=18) (n=12) P-value
Age, median 55 (45-62) 56 (47-65) 54 (42-59) 0.472
(range), year
Sex
Male 14 (46.7) 8 (44.4) 6 (50.0 1.000
Female 16 (53.3) 10 (55.6) 6 (50.0
Smoking history
Smoker/ 11 (36.7) 6(33.3) 5(41.7) 0.712
ex-smoker
Nonsmoker 19 (63.3) 12 (66.7) 7 (58.3)
ECOG PS
Oor1 29 (96.7) 17 (94.4) 12 (100.0) 1.000
2 1(3.3) 1(5.6) 0
Staging
e 2 (6.7) 2(11.1) 0 0.503
[\ 28 (93.3) 16 (88.9) 12 (100.0)
Histology
Adenocarcinoma 30 (100.0) 18 (100.0) 12 (100.0) 1.000
Brain metastasis
Yes 7 (23.3) 4(22.2) 3(25.0) 1.000
No 23 (76.7) 14 (77.8) 9(75.0)
WBRT for brain 4(13.3) 2(11.1) 2(16.7) 1.000
metastasis

ECOG PS, Eastern Cooperative Oncology Group performance status;

WBRT, whole-brain radiotherapy.
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Figure 3 Kaplan-Meier curve of PFS between crizotinib and ceritinib in
the propensity score-matched cohort. ALK inhibitor (——) ceritinib and
( ) crizotinib.

reduction was needed in five out of 13 (38.5%) patients
receiving ceritinib treatment.

Discussion

The present study retrospectively analyzed the treatment
efficacy between crizotinib and ceritinib in the front-line

o
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Figure 4 Cumulative incidence of systemic progression (color code
black) and CNS progression (color code red) between the crizotinib
(broken line) and ceritinib (solid line) groups. (——) Ceritinib, (------ )
crizotinib, (——) ceritinib and (-—---- ) crizotinib.
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Table 4 Treatment-related adverse events

Crizotinib (n = 35) Ceritinib (n = 13)

Any Grade Any Grade
Frequency n (%) grade 3-5 grade 3-5
Nausea/poor 7 (20.0) 1(2.9) 6 (46.2) 2 (15.4)

appetite

Diarrhea 7 (20.0) 1(2.9) 7 (53.8) 3(23.1)
Vomiting 4(11.4) 1(2.9) 3(23.1) 1(7.7)
Elevation of AST/ALT  8(22.9) 1(2.9) 5(38.5) 1(7.7)
Peripheral edema 5(14.3) 0 0 0
Blurred vision 2(5.7) 0 0 0
Dizziness 2 (5.7) 0 1(7.7) 0

ALT, alanine transaminase; AST, aspartate transaminase.

setting in a directly comparative manner. Patients who
received ceritinib were associated with a significantly lon-
ger PES than those who received crizotinib. Analysis of the
pattern of disease progression between the two drugs
showed that the higher treatment efficacy of ceritinib was
mainly attributed to a significantly better control of sys-
temic progression. Gastrointestinal symptoms and elevated
liver function were the major adverse effects which
accounted for the toxicity profiles of ceritinib and
crizotinib treatment, respectively.

In the absence of a randomized head to head study com-
paring the efficacy between ceritinib and crizotinib in the
first-line setting, previous studies addressed this by taking
advantage of an indirect comparative approach using the
patient cohort propensity score-matched from the
ASCEND 4 and PROFILE 1014 trials.*'* In this indirect
comparison, ceritinib showed a significantly better treat-
ment efficacy than crizotinib.'"* Although this approach
provided preliminary and insightful findings, it remained
limited by the unadjustable bias inherent in each trial. The
present study, otherwise analyzed in a manner of direct
comparison, confirmed the finding noted in the previous
indirect comparison.

An impressive efficacy of ceritinib with a PFS of
32.3 months was noted in the present study. This finding
can be partly associated with the Asian ethnicity of our
study population. A previous study of ceritinib treatment
in the first-line setting, the ASCEND 4 trial, had reported a
PFES of 16.6 months. However, when the patients of Asian
heritage were analyzed separately, a longer PFS up to
26.3 months was noted." The influence of ethnicity on the
therapeutic efficacy was not limited to the ceritinib treat-
ment arm, but also to the control arm of chemotherapy in
which the PFS of chemotherapy for Asian patients was
9.7 months compared to a PFS of 8.1 months for the over-
all population. On the other hand, the crizotinib treatment
group of the present study also showed a longer PFS of
12.9 months compared to the PROFILE 1014 trial.*

Thoracic Cancer 10 (2019) 2274-2281
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Recently, the association between Asian ethnicity and effi-
cacy of crizotinib treatment in the front-line setting has
also been reported. Nishio et al. reported a PFS of
13.6 months and a 56% hazard reduction of disease pro-
gression and death for Asian patients in the PROFILE
1014 compared to a PFS of 9.6 months and a 48% hazard
reduction for non-Asian patients in the same study.*
Taken together, the present study demonstrated a good
efficacy of ceritinib and crizotinib treatment for Asian Tai-
wanese patients with ALK-positive NSCLC, with a superior
efficacy in favor of ceritinib treatment.

The better therapeutic efficacy of ceritinib relative to
crizotinib can be partly associated with a broader coverage
of ceritinib treatment for multiple tumor clones, particu-
larly for those with crizotinib-resistant ALK mutations.
This can be understood by considering a similar scenario
of the epidermal growth factor receptor gene (EGFR)
mutated NSCLC treated by osimertinib relative to
gefitinib/erlotinib in the front-line setting.”® Given
osimertinib is a highly active agent for the treatment of
gefitinib/erlotinib-resistant T790M tumor clone, the front-
line administration of osimertinib allows the early eradica-
tion of T790M part within an EGFR-mutated tumor and
thereby significantly improves tumor control relative to the
front-line use of gefitinib/erlotinib. The successful suppres-
sion of the T790M tumor clone by the front-line use of
osimertinib can also be suggested by the subsequent mech-
anisms of acquired resistance in which the T790M-
mediated resistance can no longer be identified.”®

In line with the above mentioned context, an in vitro
study has shown that ceritinib was highly active against
tumor clones L1196M, G1269A, C1156Y and I1171T/N/S,
which were the top four crizotinib-resistant mechanisms
associated with the acquired ALK mutations.””"*° There-
fore, the early eradication of these tumor clones by the
front-line administration of ceritinib may explain the better
therapeutic efficacy, especially a favorable control of sys-
temic progression, than the front-line use of crizotinib.
Furthermore, it is of note that when the crizotinib-resistant
tumor clones L1196M, G1269A, C1156Y and I1171T/N/S
were treated with alectinib, they were not as sensitive as
those treated by ceritinib in the in vitro study.”” Whether
this could possibly be an explanation for the earlier finding
of the ALEX trial in which the front-line use of alectinib,
when compared to crizotinib, only showed an equivalent
capacity for the control of systemic progression warrants
further investigation."

Although the present study had its inherent limitations
of being of a retrospective nature with a small sample size,
it is of value given the lack of a direct head to head com-
parison between ceritinib and crizotinib. In addition, this
analysis also suggested that the differential therapeutic effi-
cacy between the two drugs when they were administered
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in the front-line to Asian patients should actually be mas-
sive, and therefore the difference could be easily discerned,
even if the analysis only involved a small group of patients.

In conclusion, this study demonstrated that the adminis-
tration of ceritinib in the front-line for the treatment of
ALK-positive NSCLC had superior efficacy than crizotinib,
in which a better control of systemic progression could be
attributed to this finding.
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