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ABSTRACT

Introduction: In an earlier report of the ASCEND-8 study
(open-label, phase I, three-arm study, treatment-naive pa-
tients and pre-treated patients with advanced/metastatic
NSCLC), it was shown that ceritinib 450 mg with food had
comparable exposure and better gastrointestinal tolera-
bility than 750-mg fasted.

Methods: Here, we report efficacy and updated safety data
from primary efficacy analysis of the ASCEND-8 study. Key
secondary endpoints were overall response rate and duration
of response, assessed by blinded independent review com-
mittee (BIRC) using Response Evaluation Criteria in Solid
Tumors 1.1.

Results: In total, 306 patients were randomized to ceritinib
450-mg fed (n ¼ 108) or 600-mg fed (n ¼ 87) or 750-mg
fasted (n ¼ 111), of which 304 patients were included in
safety analysis and 198 treatment-naive patients (ALK re-
ceptor tyrosine kinase [ALK]–positive by immunohisto-
chemistry) were included in the efficacy analysis (450-mg
fed [n ¼ 73], 600-mg fed [n ¼ 51], and 750-mg fasted [n ¼
74]). The BIRC-assessed overall response rate was 78.1%
(95% confidence interval [CI]: 66.9–86.9), 72.5% (95% CI:
58.3–84.1), and 75.7% (95% CI: 64.3–84.9), respectively;
and the median duration of response (months) by BIRC was
not estimable (NE) (95% CI: 11.2–NE), 20.7 (95% CI: 15.8–
NE), and 15.4 (95% CI: 8.3–NE), respectively. Based on the
safety analysis (n ¼ 304), the 450-mg fed arm showed the
highest median relative dose intensity (100% versus 78.5%
versus 83.7%), lowest proportion of patients with dose
reductions (24.1% versus 65.1% versus 60.9%), and lowest
proportion of patients with gastrointestinal toxicities
(75.9% versus 82.6% versus 91.8%).

Conclusion: Ceritinib at a dose of 450 mg with food
compared to 750-mg fasted showed consistent efficacy and
less gastrointestinal toxicity.

� 2019 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Ceritinib; ALK receptor tyrosine kinase; NSCLC;
Food effect

Introduction
ALK receptor tyrosine kinase (ALK) rearrangement

occurs in approximately 3% to 7% of patients with
NSCLC, and the clinical data have shown the success of
therapeutic approaches targeting the ALK protein in this
patient population.1–4 Ceritinib is a next-generation ALK
inhibitor, initially approved at the recommended dose
of 750 mg/d fasted for the treatment of patients with
ALK-positive NSCLC who are treatment-naive or have
progressed on crizotinib.5–7 Results of the two random-
ized phase III studies comparing ceritinib 750-mg/
d fasted with chemotherapy in patients with advanced
ALK-positive NSCLC showed that the progression-free
survival (PFS) and overall response rate (ORR) were
improved significantly with ceritinib versus chemo-
therapy in both first-line (ASCEND-4) and second-line
(ASCEND-5) settings.3,8 The safety data from these two
phase III studies have shown a high frequency of overall
gastrointestinal adverse events (AEs) with nausea,
diarrhea, and vomiting being the most common events in
patients treated with ceritinib.3,8

Based on the known safety profile of ceritinib 750-
mg/d fasted3, the increased systemic exposure of
ceritinib with food9, and the improved gastrointestinal
tolerability of other tyrosine kinase inhibitors (TKIs)
when administered with food10,11, the ongoing,
multicenter, randomized open-label ASCEND-8 study
aimed to evaluate ceritinib 450 mg or 600 mg with a
low-fat meal (food) versus 750-mg fasted in patients
with ALK-positive NSCLC. The primary pharmacoki-
netic results from the ASCEND-8 study have shown
that the 450-mg fed arm had no meaningful difference
in steady-state exposure and a more favorable
gastrointestinal safety profile compared to the 750-mg
fasted arm in a heterogeneous group of patients with
ALK-positive NSCLC who were either treatment-naïve
or previously treated with different lines of therapy.12

Based on the pharmacokinetics, safety, and efficacy
results of the ASCEND-8 study, the recommended
starting dose of ceritinib has been changed to 450 mg
once daily with food in the United States, European
Union, and other countries worldwide.13,14 The
approval of the new starting dose was based on the
interim efficacy analysis generated on an earlier cutoff
date (July 26, 2017), for which the data has not been
published. Here, we report the primary efficacy anal-
ysis results based on treatment-naive patients who are
ALK-positive, confirmed by immunohistochemistry
(IHC), and updated safety for all treated patients based
on a March 27, 2018, data cutoff, which presents a
longer follow-up time compared to the interim efficacy
analysis and more comprehensive efficacy results.
Patients and Methods
Study Population

At study entry, eligible patients (aged 18 years or
older) had stage IIIB or IV NSCLC harboring an ALK
rearrangement. For patients previously treated with
systemic anticancer therapy, ALK-positivity was
determined locally using the US Food and Drug
Administration–approved Vysis ALK Break Apart
Fluorescence In Situ Hybridization (FISH) Probe Kit

http://creativecommons.org/licenses/by-nc-nd/4.0/
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(Abbott Molecular Inc., Des Plaines, Illinois) or cen-
trally by Ventana IHC (Tucson, Arizona). All treatment-
naive patients included in the efficacy analysis had
ALK-positivity confirmed centrally by IHC. Eligible
patients were either treatment-naive (except for neo-
adjuvant/adjuvant systemic therapy, excluding regi-
mens containing an ALK inhibitor [if relapse had
occurred more than 12 months from the end of ther-
apy]) or were previously treated with at least one
systemic anticancer therapy (including crizotinib); had
a WHO performance score of 0 to 2; treatment-naive
patients with ALK-positive by IHC must have at least
one measurable lesion, as per Response Evaluation
Criteria in Solid Tumors (RECIST) 1.1; and could have
asymptomatic or neurologically stable central nervous
system metastases.
Study Design
The study methods for the randomized, multicenter,

open-label, parallel design, phase I, ASCEND-8 study were
published previously.12 Patients were recruited from 87
centers across 24 countries. Eligible patients were
randomly assigned in a 1:1:1 ratio to receive ceritinib 450
mg with food (450-mg fed arm), ceritinib 600 mg with food
(600-mg fed arm), or ceritinib 750 mg in a fasted state
(750-mg fasted arm). Ceritinib was administered immedi-
ately (within 30 minutes) following a low-fat meal (food)
defined as approximately 100 to 500 calories and 1.5 to 15
g of fat was used in this study given the modest difference
in pharmacokinetics between the light snack, low-fat
meal, and high-fat meal after a single dose of ceritinib.9

Randomization was stratified by two stratification fac-
tors: brain metastases at screening (present or absent) and
prior treatment (not applicable for efficacy analysis; prior
crizotinib use [ALK-positive by FISH], crizotinib-naive but
could have previously been treated with other systemic
anticancer therapy [ALK-positive by FISH], and treatment-
naive patients [ALK-positive by IHC]). The enrollment to
the 600-mg fed arm had been halted on July 14, 2017,
based on the available results from primary pharmacoki-
netics which showed that the 600-mg fed arm presented a
higher exposure and a less favorable safety profile when
compared to the other two treatment arms.12

The primary objective, pharmacokinetics, was already
addressed previously.12 Key secondary endpoints were
blinded independent review committee (BIRC)–assessed
ORR (per RECIST 1.1) and duration of response (DOR).
Other secondary efficacy endpoints were the following:
investigator assessed (per RECIST1.1) ORR and DOR; time
to response (TTR), disease control rate (DCR), PFS based
on investigator and BIRC assessment; and overall survival.
Other secondary endpoints included the assessment of
safety. Exposure-response analysis corresponding to an
exploratory objective based on data pooled from the three
treatment arms was performed to explore the relationship
between ceritinib evaluable average trough concentration
(average Ctrough) and best overall response. Average Ctrough
was defined as the geometric mean of all evaluable Ctrough
values for each patient, considering the distribution of
plasma concentrations is generally log normal. Patients
were grouped by quartiles of average Ctrough and the pro-
portion of patients with complete response (CR) or partial
response (PR) was presented by quartile range.

Treatment with ceritinib was continued until unac-
ceptable toxicity, disease progression, and withdrawal
of consent or at the discretion of the investigator. Pa-
tients were allowed to receive treatment with ceritinib
following disease progression, including cases of iso-
lated brain progression if, in the opinion of the inves-
tigator, continued treatment provided clinical benefit.

Before study initiation, the study protocol was
reviewed and approved by the independent ethics
committee and/or institutional review board for each
center according to local regulations. The study was
conducted in accordance with the ethical principles laid
down in the Declaration of Helsinki and the guidelines
for Good Clinical Practice. All patients provided written
informed consent before screening. The study protocol,
including the statistical analysis plan, is available in the
supplementary material.
Assessments
At baseline, computed tomography of chest,

abdomen, and computed tomography or magnetic reso-
nance imaging of brain was performed in all patients.
Assessments of tumor response were performed starting
at cycle 3 (1 cycle ¼ 21 days) and then every 2 cycles
thereafter (i.e., every 6 weeks) through cycle 9. Subse-
quently, the frequency of tumor assessments may be
reduced as clinically indicated, at the discretion of the
investigator, but no less than once every 4 cycles until
end of treatment. Tumor assessments in patients who
discontinued treatment for reasons other than death,
loss to follow-up, pregnancy, or disease progression
were performed at least every 12 weeks following the
end of treatment, until RECIST 1.1–defined progressive
disease (as confirmed by BIRC for treatment-naive pa-
tients with ALK-positive NSCLC by IHC; and as deter-
mined by investigator for other patients), withdrawal of
consent for further tumor assessments, or death. AEs
were coded using the Medical Dictionary for Regulatory
Activities version 21.0 and graded according to the
Common Terminology Criteria for Adverse Events
version 4.03. Dose reductions (150 mg/d per dose
reduction) were allowed in all the arms, maximum of
two dose reductions in the 450-mg fed arm and
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maximum of three dose reductions in the 600-mg fed
and 750-mg fasted arms. In the event of dose reduction,
the patient continued to receive ceritinib according to
the originally assigned prandial condition (i.e., with food
or in the fasted state). The patient was to be dis-
continued from treatment with ceritinib if further
reduction was necessary. In case the dose of ceritinib
was reduced due to toxicity, re-escalation was not
allowed.

Statistical Analysis
In this primary efficacy analysis, the following three

analysis sets were considered: full analysis set (all pa-
tients to whom study treatment has been assigned by
randomization), safety set (all patients who received at
least one dose of ceritinib), and pharmacokinetic anal-
ysis set (all patients who received at least one dose of
ceritinib and have at least one evaluable pharmacoki-
netic sample). The key secondary endpoints and other
secondary efficacy endpoints were analyzed based on
the subset of patients in full analysis set who were
treatment-naive with ALK-positive by IHC (hereafter,
referred to as treatment-naive patients with ALK-
positive by IHC). No formal statistical power calculations
were performed to determine the sample size due to the
primary objective of the study (pharmacokinetics). ORR
and DCR were estimated and the associated exact bino-
mial 95% confidence intervals (CIs) were reported. DOR,
PFS, TTR, and overall survival were analyzed using the
Kaplan–Meier method to estimate the median value with
the corresponding 95% CI calculated using the Brook-
meyer and Crowley method.15 All statistical analyses
were performed using SAS version 9.4.

Results
Patient Disposition

Between April 20, 2015, and November 21, 2017, 306
patients (full analysis set) were randomized to ceritinib
450-mg/d fed arm (n ¼ 108) or 600-mg/d fed arm (n ¼
87) or 750-mg/d fasted arm (n ¼ 111). The efficacy was
assessed in 198 treatment-naive patients who were
ALK-positive by IHC with 73, 51, and 74 patients in the
450-mg fed, 600-mg fed, and 750-mg fasted arms,
respectively. The median duration of study follow-up
was 19.6 months (range, 4.2 months to 35.5 months)
in all randomized patients and 14.3 months (range, 4.2
months to 30.2 months) in treatment-naive patients who
were ALK-positive by IHC.

At the time of data cutoff, among the treatment-naive
patients who were ALK-positive by IHC, 31.5% in the
450-mg fed arm, 41.2% in the 600-mg fed arm, and
29.7% in the 750-mg fasted arm had discontinued the
treatment (Supplementary Fig. 1). The primary reason
for discontinuation was disease progression, occurring
in 19.2%, 21.6%, and 18.9% of patients in the 450-mg
fed, 600-mg fed, and 750-mg fasted arms, respectively.
Patient Demographics and Disease
Characteristics

Among the treatment-naive patients who were ALK-
positive by IHC, baseline patient characteristics were
well balanced between the 450-mg fed arm and the 750-
mg fasted arm (Table 1). The proportion of female pa-
tients was lower in the 600-mg fed arm. The majority of
the patients (in all the arms) had adenocarcinoma his-
tology, and all patients had at least one metastatic site at
study entry (Table 1). Brain metastases at baseline were
present in 32.9%, 29.4%, and 28.4% of patients in the
450-mg fed, 600-mg fed, and 750-mg fasted arms,
respectively.
Efficacy
The ORR per BIRC was 78.1% (95% CI: 66.9–86.9) in

the 450-mg fed arm, 72.5% (95% CI: 58.3–84.1) in
the600-mg fed arm, and 75.7% (95% CI: 64.3–84.9) in
the 750-mg fasted arm (Table 2). Among the responders
with confirmed CR or PR, the median DOR by BIRC was
not estimable (NE) (95% CI: 11.2–NE), 20.7 months
(95% CI: 15.8–NE), and 15.4 months (95% CI: 8.3–NE) in
the 450-mg fed, 600-mg fed, and 750-mg fasted arms,
respectively (Table 2, Fig. 1A). The estimated event-free
rate at 18 months was 52.9% (95% CI: 30.9–70.8) in the
450-mg fed arm, 61.1% (95% CI: 36.7–78.5) in the
600-mg fed arm, and 36.7% (95% CI: 14.5–59.4) in
the 750-mg fasted arm. The ORR and DOR based on the
investigator assessment were generally consistent with
the results obtained based on BIRC assessment
(Table 2). The exploratory analysis showed no signifi-
cant exposure-response relationship with best overall
response (Supplementary Table 1).

The median TTR by BIRC assessment was 6.3
weeks (95% CI: 6.1–6.9) for ceritinib in the 450-mg
fed arm, 6.3 weeks (95% CI: 6.1–9.3) for ceritinib in
the 600-mg fed arm, and 6.3 weeks (95% CI: 6.1–7.1)
for the 750 mg fasted arm. The DCR by BIRC was
90.4% (95% CI: 81.2–96.1), 94.1% (95% CI: 83.8–
98.8), and 90.5% (95% CI: 81.5–96.1) in the 450-mg
fed, 600-mg fed, and 750-mg fasted arms, respec-
tively. The results of DCR and median TTR by inves-
tigator were consistent with the results by BIRC
(Table 2).

The median PFS was NE (95% CI: 11.8–NE), 17.0
months (95% CI: 10.1–NE), and 12.2 months (95% CI:
8.2–NE) in the 450-mg fed, 600-mg fed, and 750-mg
fasted arms, respectively (Table 2, Fig. 1B). A high
proportion of patients were censored in the PFS



Table 1. Baseline Patient and Disease Characteristics, and
Prior Antineoplastic Therapy (Full Analysis Set —
Treatment-Naive Patients Who Are ALK-positive by IHC,
n ¼ 198)

Characteristics

Ceritinib
450-mg
Fed
(n ¼ 73)

Ceritinib
600-mg
Fed
(n ¼ 51)

Ceritinib
750-mg
Fasted
(n ¼ 74)

Median age (range),
years

55.0 (26–87) 52.0 (21–81) 51.0 (22–87)

Sex
Female 41 (56.2) 20 (39.2) 35 (47.3)
Male 32 (43.8) 31 (60.8) 39 (52.7)

Race
Asian 29 (39.7) 19 (37.3) 26 (35.1)
Caucasian 36 (49.3) 28 (54.9) 40 (54.1)
Othera 8 (11.0) 4 (7.8) 8 (10.8)

WHO performance
status

0 25 (34.2) 14 (27.5) 23 (31.1)
1 42 (57.5) 34 (66.7) 45 (60.8)
2 6 (8.2) 3 (5.9) 6 (8.1)

Smoking history
Current smoker 7 (9.6) 2 (3.9) 3 (4.1)
Ex-smoker 19 (26.0) 18 (35.3) 22 (29.7)
Never smoked 47 (64.4) 30 (58.8) 49 (66.2)
Missing 0 1 (2.0) 0

Histology/cytology
Adenocarcinoma 72 (98.6) 48 (94.1) 69 (93.2)

Stage at time of
study entry

Locally advanced
(stage IIIb)

3 (4.1) 5 (9.8) 5 (6.8)

Metastatic
(stage IV)

70 (95.9) 46 (90.2) 69 (93.2)

Key metastatic site
of cancer

Bone 31 (42.5) 18 (35.3) 27 (36.5)
Brain 24 (32.9) 15 (29.4) 21 (28.4)
Liver 19 (26.0) 13 (25.5) 21 (28.4)

Prior chemotherapy
Adjuvantb 1 (1.4) 3 (5.9) 3 (4.1)
Neoadjuvantb 1 (1.4) 1 (2.0) 1 (1.4)
Therapeuticc 1 (1.4) 2 (3.9) 1 (1.4)
Palliativec 0 0 1 (1.4)

Prior radiotherapyb 15 (20.5) 11 (21.6) 13 (17.6)
Surgeryb 15 (20.5) 7 (13.7) 18 (24.3)

Values are n (%) unless otherwise stated.
aOther includes: Black, Native American, Pacific Islander, and unknown.
bAllowed as per protocol.
cDue to mis-stratification or protocol deviation.
ALK, ALK receptor tyrosine kinase; IHC, immunohistochemistry.
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analysis by BIRC: 68.5% in the 450-mg fed arm, 56.9%
in the 600-mg fed arm, and 59.5% in the 750 mg-
fasted arm, respectively. The majority of the
censored patients were ongoing without an event
(progression or death) at the time of the data cutoff:
42 of 50 censored patients in the 450-mg fed arm, in
23 of 29 censored patients in the 600-mg fed arm, and
39 of 44 censored patients in the 750-mg fasted arm.
The estimated 18-month event-free rate by BIRC
assessment was 50.8% (95% CI: 33.7–65.7) for the
450-mg fed arm, 48.6% (95% CI: 30.7–64.3) for the
600-mg fed arm, and 40.9% (95% CI: 23.3–57.8) for
the 750-mg fasted arm. The median PFS by investi-
gator was NE (95% CI: 2.6–NE), 17.0 months (95% CI:
10.1–NE), and 16.6 months (95% CI: 11.2–NE) in the
450-mg fed, 600-mg fed, and 750-mg fasted arms,
respectively (Table 2). The estimated 18-month event-
free rate by investigator assessment was 55.3% (95%
CI: 38.2–69.4) in the 450-mg fed arm, 47.8% (95% CI:
29.8–63.7) in the 600-mg fed arm, and 41.4% (95% CI:
23.4–58.6) in the 750-mg fasted arm.

Safety
During the on-treatment period (from day of first

dose of study treatment to 30 days after the final dose),
the 450-mg fed arm presented the highest median rela-
tive dose intensity (RDI) and the lowest proportion of
patients with dose reductions among the three treatment
arms. The median duration of treatment exposure was
42.9 weeks (range, 0.3 weeks to 131.0 weeks) for the
450-mg fed arm, 45.6 weeks (range, 0.4 weeks to 144.9
weeks) for the 600-mg fed arm, and 42.2 weeks (range,
0.3 weeks to 134.4 weeks) for the 750-mg fasted arm
(Table 3). The median RDI was 100.0% (range, 35.3% to
100.0%), 78.5% (29.4 to 100.0), and 83.7% (range,
40.9% to 100.0%) for the 450-mg fed, 600-mg fed, and
750-mg fasted arms, respectively (Table 3). The pro-
portion of patients with at least one dose reduction was
lowest in the 450-mg fed arm (24.1%) compared to the
600-mg fed arm (65.1%) and 750-mg fasted arm
(60.9%). More than one dose reduction was required in
4.6%, 31.4%, and 34.5% of patients in the 450-mg fed,
600-mg fed, and 750-mg fasted arms, respectively
(Table 3). The proportion of patients with at least one
dose interruption was lower in the 450-mg fed arm
(50.9%), than in the 600-mg fed arm (74.4%) and 750-
mg fasted arm (72.7%). More than one dose interrup-
tion was required in 19.4% of patients in the 450-mg fed
arm, 45.3% of patients in the 600-mg fed arm, and
52.7% of patients in the 750-mg fasted arm (Table 3).

The proportion of patients who experienced at least
one AE regardless of study drug relationship was similar
across treatment arms with 99.1% in the 450-mg fed
arm, 97.7% in the 600-mg fed arm, and 99.1% in the
750-mg fasted arm (Supplementary Table 2). The pro-
portion of patients with serious AEs related to study
drug was similar between the 450-mg fed arm (6.5%)
and the 750-mg fasted arm (9.1%) (Supplementary
Table 2). The proportion of patients with AEs leading
to study drug discontinuation were similar across the
treatment arms with 7.4% of patients in the 450-mg fed



Table 2. Efficacy by Masked Independent Review Committee and Investigator Assessment (Full Analysis Set — Treatment-
Naive Patients Who Are ALK-Positive by IHC, n ¼ 198)

Masked IRC Assessment Investigator Assessment

Ceritinib
450-mg
Fed
(n ¼ 73)

Ceritinib
600-mg
Fed
(n ¼ 51)

Ceritinib
750-mg
Fasted
(n ¼ 74)

Ceritinib
450-mg
Fed
(n ¼ 73)

Ceritinib
600-mg
Fed
(n ¼ 51)

Ceritinib
750-mg
Fasted
(n ¼ 74)

Overall response (CR þ PR),
n (%) (95% CI)

57 (78.1)
(66$9–86.9)

37 (72.5)
(58.3–84.1)

56 (75.7)
(64.3–84.9)

55 (75.3)
(63.9–84.7)

38 (74.5)
(60.4–85.7)

58 (78.4)
(67.3–87.1)

CR 0 0 1 (1.4) 0 0 2 (2.7)
PR 57 (78.1) 37 (72.5) 55 (74.3) 55 (75.3) 38 (74.5) 56 (75.7)
SD 9 (12.3) 11 (21.6) 11 (14.9) 14 (19.2) 9 (17.6) 11 (14.9)
PD 3 (4.1) 2 (3.9) 3 (4.1) 1 (1.4) 2 (3.9) 1 (1.4)
Non-CR/Non-PD 0 0 0 0 1 (2.0) 0
Unknowna 4 (5.5) 1 (2.0) 4 (5.4) 3 (4.1) 1 (2.0) 4 (5.4)

Disease control (CR þ PR þ SD þ
non-CR/non-PD), n (%) (95% CI)

66 (90.4)
(81$2–96.1)

48 (94.1)
(83.8–98.8)

67 (90.5)
(81.5–96.1)

69 (94.5)
(86.6–98.5)

48 (94.1)
(83.8–98.8)

69 (93.2)
(84.9–97.8)

Median duration of
response (in responders),
months (95% CI)

M ¼ 57
NE
(11.2–NE)

M ¼ 37
20.7
(15.8–NE)

M ¼ 56
15.4
(8.3–NE)

M ¼ 55
NE
(14.5–NE)

M ¼ 38
NE
(12.7–NE)

M ¼ 58
15.2
(10.3–NE)

Estimated 18-month event-free
probability, % (95% CI)

52$9
(30.9–70.8)

61.1
(36.7–78.5)

36.7
(14.5–59.4)

67.8
(47.8–81.6)

53.2
(30.4–71.6)

41.9
(21.0–61.7)

Median time to response, weeks
(95% CI)

6.3
(6.1–6.9)

6.3
(6.1–9.3)

6.3
(6.1–7.1)

6.3
(6.1–6.9)

6.3
(6.1–11.9)

6.1
(6.1–6.3)

Median progression-free survival,
months (95% CI)

NE
(11.8–NE)

17.0
(10.1–NE)

12.2
(8.2–NE)

NE
(12.6–NE)

17.0
(10.1–NE)

16.6
(11.2–NE)

Estimated 18-month event-free
probability, % (95% CI)

50.8
(33.7–65.7)

48.6
(30.7–64.3)

40.9
(23.3–57.8)

55.3
(38.2–69.4)

47.8
(29.8–63.7)

41.4
(23.4–58.6)

aOne patient in 450-mg fed arm (by masked independent review committee assessment) due to progressive disease too late (> 13 weeks after randomization
and not qualifying for CR, PR, SD, and non-CR/non-PD), the others due to no valid post-baseline assessment.
ALK, ALK receptor tyrosine kinase; CI, confidence interval; IHC, immunohistochemistry; NE, not estimable; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; M, number of patients included in the duration of response analysis.
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arm, 5.8% of patients in the 600-mg fed arm, and 7.3%
of patients in the 750-mg fasted arm (Supplementary
Table 2).

The most frequently reported AEs regardless of study
drug relationship were gastrointestinal related (diar-
rhea, vomiting, and nausea) (Table 4). There was a lower
proportion of patients with AEs of all grades of diarrhea,
vomiting, and nausea in the 450-mg fed arm (57.4%,
38.9%, and 41.7%, respectively) when compared to the
600-mg fed arm (65.1%, 55.8%, and 55.8%, respec-
tively) and the 750-mg fasted arm (79.1%, 63.6%, and
57.3% respectively). The majority of the patients with
gastrointestinal toxicities in the 450-mg fed arm had
events of maximum grade 1, only 2.8% of patients
experienced grade 3 AEs (grade 3 diarrhea in one patient
and grade 3 vomiting in two patients), and no patients
were reported with grade 4 gastrointestinal AEs. An
overview of gastrointestinal toxicities (diarrhea, nausea,
and vomiting) is shown in Table 5.

Other common AEs (�25% of the patients in at least
one of the three treatment arms, all grades) reportedwere
increased alanine aminotransferase, increased aspartate
aminotransferase, increased gamma-glutamyltransferase,
fatigue, abdominal pain, and decreased appetite. The
proportion of patients experiencing alanine aminotrans-
ferase increase and aspartate aminotransferase increase
was similar between 450-mg fed arm (40.7% and 35.2%,
respectively) and the 750-mg fasted arm (40.9% and
37.3%, respectively). The laboratory abnormalities
meeting Hy’s law criteria were not observed in any pa-
tients among the three treatment arms. There were also
no cases of Torsades de Pointe. Only one patient (450 mg
fed arm) was reported with grade 1 interstitial lung
disease, which was unrelated to study drug.

In total, 11 of 108 patients in the 450-mg fed arm, 12 of
86 patients in the 600-mg fed arm, and 8 of 110 patients in
the 750-mg fasted arm died during the on-treatment
period. Of these, a total of 22 patients died due to study
indication, and 9 patients died due to other causes.
Discussion
Ceritinib was initially approved at the recommended

dose of 750 mg/d fasted for the treatment of patients
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Figure 1. Duration of response per blinded independent review committee assessment by treatment arm (full analysis set —
treatment-naive patients who are ALK receptor tyrosine kinase (ALK)–positive by immunohistochemistry (IHC) and confirmed
CR or PR) and progression-free survival per blinded independent review committee assessment by treatment arm (full
analysis set — treatment-naive patients who are ALK-positive by IHC). (A) Kaplan-Meier plot of duration of response per
blinded independent review committee assessment by treatment arm (full analysis set — treatment-naive patients who are
ALK-positive by IHC and confirmed CR or PR). (B) Kaplan-Meier plot of progression-free survival per blinded independent
review committee assessment by treatment arm (full analysis set — treatment-naive patients who are ALK-positive by IHC).
n, the total number of events included in the analysis; N, the total number of patients included in the analysis; NE, not
estimable.
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with ALK-positive NSCLC.5-7 The available data from
previous studies have shown that gastrointestinal AEs
(diarrhea, nausea, and vomiting) are the most frequent
AEs with ceritinib treatment.3,8 The administration of
TKIs with food has been shown to improve the gastro-
intestinal tolerability and increase exposure.10,11 Simi-
larly, two studies of ceritinib in healthy subjects have
shown that dosing with food increased the systemic
exposure and improved gastrointestinal tolerability.9

Based on these observations, ASCEND-8 was designed
to evaluate pharmacokinetics, efficacy, and safety of
ceritinib administered at 450 mg or 600 mg with food
versus 750 mg in a fasted state, in patients with ALK-
positive NSCLC.

In addition to the comparable steady-state exposure
in both the 450-mg fed arm and the 750-mg fasted arm,
as observed in the pharmacokinetic analysis, ceritinib
450 mg/d with food provided at least consistent efficacy
in terms of overall response, disease control, and TTR,
along with clinically relevant duration of response and
PFS compared to the approved dose of 750 mg in a
fasted state.12 Furthermore, safety results confirmed
that ceritinib (450 mg) taken with food had the lowest
frequency of dose reductions/interruptions among the



Table 3. Study Drug Exposure (Safety Set)

Ceritinib 450-mg
Fed (n ¼ 108)

Ceritinib 600-mg
Fed (n ¼ 86)

Ceritinib 750-mg
Fasted (n ¼ 110)

Median treatment exposure, weeks (range) 42.9 (0.3–131.0) 45.6 (0.4–144.9) 42.2 (0.3–134.3)
Median relative dose intensity, % (range) 100.0 (35.3–100) 78.5 (29.4–100) 83.7 (40.9–100)
Patients with 1 dose reduction, n (%) 21 (19.4) 29 (33.7) 29 (26.4)
Patients with > 1 dose reduction, n (%) 5 ( 4.6) 27 (31.4) 38 (34.5)
Patients with 1 dose interruption, n (%) 34 (31.5) 25 (29.1) 22 (20.0)
Patients with > 1 dose interruption, n (%) 21 (19.4) 39 (45.3) 58 (52.7)
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three treatment arms and the highest median RDI of
100%. In addition, compared to the patients in the 750-
mg fasted arm, the frequency of the patients with, and
the severity of gastrointestinal toxicities (diarrhea,
nausea, or vomiting) were the lowest in the 450-mg fed
arm. The ASCEND-8 study included both pretreated and
treatment-naive patients (ALK-positive defined by IHC).
In the pharmacokinetics analysis, for the primary
objective of the study, both patients who were
treatment-naive or patients who had received several
prior lines of therapy were included because no expo-
sure difference was expected based on prior treatment.16

Because the key secondary objectives were efficacy
related (ORR and DOR by BIRC), they were evaluated
Table 4. All-Causality Adverse Events Occurring in Greater Tha
NSCLC (Safety Set, n ¼ 304)

Preferred Term

Ceritinib 450-mg
Fed n ¼ 108

All Grades
n (%)

Grade 3 or
n (%)

Diarrhea 62 (57.4) 1 (0.9)
Vomiting 42 (38.9) 2 (1.9)
Nausea 45 (41.7) 0
Alanine aminotransferase increased 44 (40.7) 19 (17.6)
Aspartate aminotransferase increased 38 (35.2) 8 (7.4)
Gamma-glutamyltransferase increased 36 (33.3) 24 (22.2)
Fatigue 24 (22.2) 1 (0.9)
Abdominal pain 22 (20.4) 0
Decreased appetite 20 (18.5) 0
Cough 25 (23.1) 0
Abdominal pain upper 20 (18.5) 0
Blood creatinine increased 23 (21.3) 0
Headache 17 (15.7) 2 (1.9)
Pyrexia 11 (10.2) 1 (0.9)
Weight decreased 14 (13.0) 0
Blood alkaline phosphatase increased 20 (18.5) 5 (4.6)
Constipation 11 (10.2) 0
Dyspnea 14 (13.0) 1 (0.9)
Back pain 14 (13.0) 1 (0.9)
Hyperglycaemia 13 (12.0) 8 (7.4)
Noncardiac chest pain 11 (10.2) 0
Asthenia 10 (9.3) 1 (0.9)

ALK, ALK receptor tyrosine kinase.
based on a homogeneous patient population of treat-
ment-naïve patients. In this primary efficacy analysis, the
safety analysis was based on all treated patients (both
pre-treated and treatment-naïve). The study was not
powered to do any statistical comparison between the
treatment arms based on ORR or other efficacy end-
points. However, the sample size was calculated based
on the expected ORR and ensuring a clinically relevant
lower limit of the associated 95% CI (with a sample size
of 70, the exact binomial 95% CI will be 53.4%, 76.7%
for an observed ORR of 66%).

The results of the ORR and DCR by BIRC assessment
were consistent between the 450-mg fed arm and the
750-mg fasted arm. The investigator-assessed ORR and
n 15% (Any Treatment Arm) in Patients With ALK-Positive

Ceritinib 600-mg
Fed n ¼ 86

Ceritinib 750-mg
Fasted n ¼ 110

4 All Grades
n (%)

Grade 3 or 4
n (%)

All Grades
n (%)

Grade 3 or 4
n (%)

56 (65.1) 2 (2.3) 87 (79.1) 10 (9.1)
48 (55.8) 1 (1.2) 70 (63.6) 4 (3.6)
48 (55.8) 5 ( 5.8) 63 (57.3) 6 (5.5)
41 (47.7) 25 (29.1) 45 (40.9) 25 (22.7)
33 (38.4) 14 (16.3) 41 (37.3) 11 (10.0)
23 (26.7) 17 (19.8) 26 (23.6) 15 (13.6)
27 (31.4) 2 (2.3) 30 (27.3) 5 (4.5)
24 (27.9) 1 (1.2) 32 (29.1) 2 (1.8)
23 (26.7) 1 (1.2) 27 (24.5) 3 (2.7)
15 (17.4) 0 24 (21.8) 1 (0.9)
11 (12.8) 1 (1.2) 27 (24.5) 0
15 (17.4) 0 17 (15.5) 0
13 (15.1) 2 (2.3) 25 (22.7) 2 (1.8)
18 (20.9) 1 (1.2) 23 (20.9) 1 (0.9)
16 (18.6) 1 (1.2) 17 (15.5) 1 (0.9)
10 (11.6) 3 (3.5) 16 (14.5) 5 (4.5)
15 (17.4) 0 16 (14.5) 0
15 (17.4) 2 (2.3) 12 (10.9) 4 (3.6)
9 (10.5) 0 17 (15.5) 2 (1.8)
9 (10.5) 5 (5.8) 17 (15.5) 10 (9.1)
9 (10.5) 0 17 (15.5) 0
19 (22.1) 3 (3.5) 7 (6.4) 2 (1.8)
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DCR results were consistent with the results obtained
based on BIRC assessment. These efficacy results were
also similar to those reported in ceritinib treatment arm
of the ASCEND-4 study.3 In the ASCEND-4 study, ORR by
BIRC assessment was 72.5% for patient treated with
ceritinib 750-mg/d fasted.3 The responses-based BIRC
assessments were rapid in the trial reported here (me-
dian TTR was 6.3 weeks across all the treatment arms),
which were also consistent with those reported in the
ASCEND-4 study (median TTR was 6.1 weeks for pa-
tients with a confirmed response of CR or PR in the
ceritinib treatment arm).3 The DOR by BIRC results were
immature because the median was not estimable in the
450-mg fed arm or unstable in the 750-mg fasted arm
and few patients were left at risk at 18 months and
beyond. Nevertheless, the event-free rates at 15 months
or earlier between the two arms were comparable with
the overlapped associated 95% CI. The event-free rates
at 15 months were 59.5% (95% CI: 38.7–75.3) in the
450-mg fed arm versus 55% (95% CI: 35.3–71) in the
750-mg fasted arm. Similarly, the median PFS as
assessed by BIRC was not estimable in the 450-mg fed
arm or unstable in the 750-mg fasted arm and few pa-
tients were left at risk beyond 12 months. However, the
event-free rates between the two arms were comparable
with the overlapped associated 95% CI at 12 months
(62.1% (95% CI: 46.6–74.3) in the 450-mg fed arm and
51.1% (95% CI: 35.8–64.5) in the 750-mg fasted arm) or
earlier. Moreover, the median duration of follow-up
(from patient randomization to data cutoff date) was
only 14.3 months in treatment-naive patients who were
ALK-positive by IHC assessed for efficacy.

In patients with brain metastases, the protocol was not
designed to collect data on whether the prior treatment
was received for treating brain metastases. Additionally,
from pharmacokinetic perspective, the two doses (450 mg
with food and 750 mg fasted) give nearly the same sys-
temic exposure (area under the curve [0 to 24 hours],
geometric mean ratio ¼ 1.04; maximum serum concen-
tration, geometric mean ratio ¼ 1.03); therefore, the
penetration into the brain and intracranial antitumor ac-
tivity are expected to be equivalent. The reason for similar
systemic exposure with the lower dose is the higher
absorption of ceritinib when administered with food. The
distribution pattern of the drug remains unchanged after
absorption.

Consistent with the results of pharmacokinetics
versus efficacy analysis reported from ASCEND-1, no
apparent association between systemic exposure and
best overall response could be detected in this study,
indicating that the exposure ranges across the three arms
were not markedly different (i.e., steady-state pharma-
cokinetics difference <30%) and that the fed arms led to
similar efficacy as the 750-mg fasted arm.12,17
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The 450-mg fed arm presented the lowest proportion
of patients with gastrointestinal toxicities and the lowest
proportion of patients reported with grades 3 or 4
gastrointestinal toxicities (diarrhea, nausea, and vomit-
ing). In addition, only one patient in the 450-mg fed arm
was reported with gastrointestinal toxicity (vomiting)
leading to dose adjustment, and no patients experienced
gastrointestinal toxicity leading to study drug discon-
tinuation. All grades of AEs, serious AEs, and AEs leading
to study drug discontinuation were similar between the
450-mg fed arm and the 750-mg fasted arm. Overall,
the current observed safety profile of ceritinib 450 mg
taken with food is consistent with those reported pre-
viously, and further, confirms the finding of improved
gastrointestinal tolerability due to enhanced absorption
in the gut in the fed state, which leads to less local
irritation.9,12

In conclusion, the primary efficacy analysis results
of the ASCEND-8 study show that ceritinib adminis-
tered at 450 mg with food, compared to 750 mg in a
fasted state, demonstrated less frequent dose re-
ductions/interruptions, higher median RDI, and less
frequent and less severe gastrointestinal AEs. The
ceritinib 450-mg fed arm and the 750-mg fasted arm
showed a similar robust efficacy in terms of ORR,
DCR, and TTR, consistent with the results from the
ASCEND-4 study, in addition to clinically relevant
DOR and PFS results. Taken together, these data and
the pharmacokinetic results previously reported
confirm that ceritinib at a dose of 450 mg presents
the most favorable gastrointestinal safety profile with
similar efficacy, and thus is the preferred dosing
regimen of ceritinib in patients who have ALK-posi-
tive NSCLC.3,12
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