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Abstract: Anaplastic lymphoma kinase (4LK) gene fusions occur in 3%—7% of non-small-cell
lung cancer (NSCLC) cases. Ceritinib, a once-daily, oral ALK inhibitor, has activity against cri-
zotinib-resistant and crizotinib-naive NSCLC, including brain metastases. Ceritinib (Zykadia™)
was granted accelerated approval by the US Food and Drug Administration in 2014 for treating
crizotinib-resistant ALK-positive NSCLC. Adverse events (AEs), particularly gastrointestinal
(GI) AEs, are commonly experienced at the recommended dose of 750 mg/d and ~38% of patients
require dose interruption or reduction for GI AEs. This case study details our experience with
the use of proactive GI AE management regimens in patients treated with ceritinib (750 mg/d)
across two study sites. Proactive Regimens A and B were implemented in patients with meta-
static ALK-positive NSCLC treated with ceritinib to manage drug-related GI AEs. Regimen A
comprised ondansetron and diphenoxylate/atropine or loperamide, taken 30 minutes prior to
ceritinib dose. Regimen B included dicyclomine (taken with the first ceritinib dose), ondanse-
tron (taken 30 minutes prior to ceritinib dose for the first seven doses), and loperamide (taken
as needed with the onset of diarrhea). The proactive medications were tapered off depending
on patient tolerability to ceritinib. Nine patient cases are presented. Starting Regimens A or B
before the first dose of ceritinib, or as soon as GI symptoms were encountered, prevented the
need for dose reduction due to GI toxicity in eight of the nine patients. Using these regimens,
78% of patients were able to remain on 750 mg/d fasting. Two patients received 23 months and
16 months of therapy and remain on ceritinib 750 mg/d and 600 mg/d, respectively. Although
not currently recommended or implemented in clinical studies, based on the patients evaluated
here, upfront or proactive treatment plans that address AEs early on can allow the majority of
patients to remain on the approved 750 mg/d ceritinib dose.

Keywords: case studies, tolerability, antidiarrheal, antiemetic, GI symptoms

Introduction

Anaplastic lymphoma kinase (4ALK) gene fusions and mutations are implicated in
the pathogenesis of several human cancers.! The fusion of echinoderm microtubule-
associated protein-like 4 (EML4) with ALK is the most frequent of known ALK
rearrangements resulting in constitutive oncogenic ALK activation. ALK gene rear-
rangement occurs in 3%—7% of non-small-cell lung cancer (NSCLC) cases,>* with
higher prevalence in younger patients with adenocarcinoma who are never- or light
smokers.*
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The ALK protein is thus a therapeutic target for the
treatment of 4LK-rearranged (4LK-positive) NSCLC, and a
number of ALK inhibitors are currently under clinical devel-
opment. Crizotinib (XALKORI®), an oral first-in-class dual
ALK and ¢c-MET inhibitor, was approved by the US Food
and Drug Administration (FDA) in 2011 to treat metastatic
ALK-positive NSCLC in any line, having demonstrated clini-
cal efficacy.’ In clinical trials, crizotinib achieved an overall
response rate (ORR) of 60% and a median progression-free
survival (PFS) of 8—10 months.*” However, patients ultimately
acquire resistance within 1-2 years of therapy, resulting in dis-
ease progression, thus limiting its long-term application.®?

Next-generation ALK inhibitors that overcome crizotinib
resistance have been developed. Ceritinib (ZYKADIA™) is a
once-daily oral, small-molecule, ATP-competitive ALK inhibi-
tor that is 20 times more potent against ALK than crizotinib in
preclinical studies, with activity against common secondary
ALK mutations that confer resistance to crizotinib.!® Ceritinib
was granted accelerated approval by the US FDA in 2014 for
treating metastatic, 4LK-positive NSCLC that has progressed
on or is intolerant to crizotinib, based on response rate and
duration of response.'! In a Phase I study, 246 ALK inhibitor-
treated and ALK inhibitor-naive patients with NSCLC achieved
ORRs of 56% and 72%, respectively, with a median duration
of response of 9.7 months. Median PFS was 6.9 months in
prior ALK inhibitor-treated patients and 18.4 months in ALK
inhibitor-naive patients.!? Ceritinib dosed at 750 mg/d also
demonstrated antitumor activity in patients with ALK-positive
NSCLC, including brain metastases, with durable intracranial
responses (overall intracranial response rate [OIRR]: 34.5%)
observed in either previously untreated (OIRR: 60.0%) or
crizotinib-treated patients (OIRR: 29.2%).'

Ceritinib is recommended at a dose of 750 mg/d, admini-
stered orally on an empty stomach (not within 2 hours of a
meal)."* A food effect study'* in healthy volunteers found
that dosing with a high-fat meal increases ceritinib systemic
exposure (peak plasma levels) by 43%, compared with the
fasted state. Adverse events (AEs) are commonly experienced
at this dose level and ~60% of patients initiating treatment at
750 mg/d require at least one dose reduction, with a median
time to first dose reduction of 7 weeks. The majority of patients
(96%; 14% severe cases) in the Phase I study experienced gas-
trointestinal (GI) AEs, including diarrhea, nausea, vomiting,
and abdominal pain, when taking the recommended ceritinib
dose. In clinical studies, GI AEs are one of the most common
reasons for dose modification (38% of patients).'

Current recommendations for the management of GI AEs
are reactive and include 1) symptomatic treatment with anti-

emetic or antidiarrheal therapy or 2) treatment interruption and
dose reduction in severe cases.'* Maintaining the prescribed
dose is important for preserving efficacious systemic drug
exposure. During crizotinib therapy, most relapses in patients
with ALK-positive NSCLC occur in the brain'*!¢; therefore,
the dose of ceritinib — and consequent systemic and intracra-
nial exposure — may affect the central nervous system (CNS)
concentration, which is critical for the control of CNS metas-
tases. As such, upfront proactive treatment regimens to address
nausea (eg, ondansetron [Zofran]), diarrhea (eg, loperamide
[Imodium]), and abdominal pain (eg, dicyclomine [Bentyl])
could be implemented in clinics to help ensure optimum ceri-
tinib exposure and efficacy. Here, we report a case series of nine
patients treated with ceritinib (750 mg/d) for whom proactive
GI AE management strategies were implemented.

Patients and methods

All patients had metastatic ALK positive NSCLC and were
participants in ceritinib clinical trials. The study protocols
allowed investigators to use both reactive and proactive
medications to help deal with the normal GI side effects
(NCTO01283516, NCT01947608, NCT01685060, and
NCTO01828112). All clinical studies involved were conducted
in accordance with the Declaration of Helsinki and the Good
Clinical Practice guidelines of the International Conference
on Harmonization. All protocols were approved by relevant
Institutional Review Boards and Ethics Committees. Written
informed consent was obtained from all the patients before
screening. All patients were initially dosed orally with ceritinib
(750 mg/d) fasting. Patients were encouraged to maintain dos-
age at the same time of day for the duration of the study.

Proactive regimens

Between the two study sites, two proactive regimens were
implemented in patients with metastatic 4ALK-positive
NSCLC treated with ceritinib to manage drug-related GI AEs
(Figure 1). The use of these regimens was consistent with the
protocol recommendations. Regimen A comprised ondanse-
tron 8 mg, along with either diphenoxylate and atropine
2.5 mg or loperamide 2 mg, to be taken orally 30 minutes prior
to the ceritinib dose. Additional agents were administered for
persistent symptoms. Regimen B included dicyclomine 20 mg
twice daily (to be taken orally starting with the first ceritinib
dose), ondansetron 8 mg (to be taken orally 30 minutes prior
to ceritinib dose for the first seven doses), and loperamide
2 mg (to be taken orally as needed with the onset of diarrhea;
two tablets at onset and one tablet with every loose stool).
If diarrhea persisted with loperamide, then diphenoxylate
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Ondansetron® Diphenoxylate/atropine®
At start of 8 mg 2.5mg
treatment 1 OR
1
! Loperamide?
= : 2mg
v
Dronabinol Dicyclomine
As needed 4 PEullEernRER 20 mg Q6h PRN

—

Ondansetron® Loperamide Dicyclomine
8 mg qd for first 7d |l 2 mg PRN at onset 20 mg bid

or diarrhea

Persistent
diarrhea

Diphenoxylate/atropine|
2.5 Q6h

~

Medications tapered off depending on symptoms

Figure | Schematic representation of proactive regimens A and B.

Notes: “Taken 30 minutes before ceritinib dose. All agents to be taken orally. Patients were tapered off proactive treatment based on symptoms.
Abbreviations: bid, twice daily; d, dose; PRN, as needed; Q4h, every 4 hours; Qéh, every 6 hours; qd, once daily.

and atropine (Lomotil) 2.5 mg was prescribed, to be taken
every 6 hours as needed. For both regimens, the proactive
medications were tapered off, depending on clinically judged
patient tolerability to ceritinib. For instance, for Regimen
A, if patients reported lack of nausea but ongoing diarrhea,
prophylactic antidiarrheal medication was continued, while
antinausea medication use was changed from prophylactic to
as-needed (PRN) basis. For Regimen B, patients remained on
the prophylactic regimen for two cycles. After two cycles, the
following were recommended:

e Stop the dicyclomine at Week 1 of Cycle 3. If Grade 1
cramping occurs, use PRN, and restart dose if Grade 2
or greater.

e Stop the ondansetron at Week 2 of Cycle 3. If Grade 1
nausea or vomiting is seen, use PRN, and restart dose if
Grade 2 or greater.

e Stop the loperamide at Week 3 of Cycle 3. If Grade 1 diar-
rhea occurs, use PRN, and restart if Grade 2 or greater.
Safety and tolerability of ceritinib in patients were moni-

tored according to the Common Terminology Criteria for

Adverse Events v4.03.

Results

Patient characteristics and treatment

A total of nine patients were included in this series. These
patients were enrolled into ceritinib clinical trials across two
sites and were treated by the authors, between October 2012
and March 2014. Table 1 provides an overview of patient char-
acteristics, treatment history, and proactive management strat-
egies. Ceritinib was the second to fifth line of treatment for
these patients. Eight of nine patients had previously received
crizotinib and had discontinued due to disease progression or

intolerance. All patients were dosed at 750 mg/d and provided
upfront with a GI AE treatment regimen to proactively address
the AEs that are experienced by the majority of patients taking
ceritinib. Preventive regimens were also used to potentially
avoid remote AE management for patients traveling long
distances to clinical study sites. Patients 1-4 were started
on the two-drug proactive Regimen A, while Patients 5-9
received the three-drug Regimen B. Preventive treatment was
initiated at the start of ceritinib therapy.

Treatment outcome

In eight of the nine patients starting Regimens A and B prior to
initiation of ceritinib therapy, dose reductions due to GI toxicity
were not required (Table 1). Patient 3 required dose reduction
to 600 mg/d due to grade 3 transaminitis. Patient 4 discontin-
ued therapy due to GI toxicities despite receiving proactive
treatment. Patient 5 had a 1-week ceritinib dose interruption
due to elevated creatinine levels but resumed treatment at the
recommended 750 mg/d dose. In a Phase I study,'?> 31% of
patients experienced grade 1-2 constipation while on ceritinib
750 mg/d. Two patients on Regimen A experienced intermittent
constipation, suspected to be due to the use of antidiarrheal
medication. Proactive regimens were tapered off in two patients
on Regimen A (Patients 1 and 3) and three patients on Regimen
B (Patients 5, 7, and 8) as tolerability to ceritinib increased.
Proactive treatment was continued in patients who experienced
persistence of diarrhea/nausea in either regimen.

Using these proactive regimens, seven of the nine (78%)
patients were able to remain on ceritinib 750 mg/d fasting,
with a dose reduction rate for GI side effects of 12.5% (one
out of the eight patients) when accounting for the one patient
whose dose was reduced due to transaminitis. Patients 3 and 7
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received 16 months and 23 months of therapy and remain
on ceritinib to date at 600 mg/d and 750 mg/d, respectively.
All other patients discontinued ceritinib due to progressive
disease, comorbidity, or intolerance.

Discussion

Ceritinib is recommended at an oral, once-daily dose of
750 mg/d based on clinical efficacy results from the Phase I
dose-escalation study.!' The current prescribing information
recommends ceritinib dose interruption and modification for
patients experiencing intolerable nausea, vomiting, or diar-
rhea despite optimal antiemetic or antidiarrheal therapy.!* In
the case series presented herein, only one patient discontinued
ceritinib treatment due to Gl-related toxicity. A majority of
patients were able to remain on ceritinib at 750 mg/d within
the prescribing guidelines (ie, without food) and without the
need for dose reductions or interruptions due to GI AEs.

Preclinical studies have shown that ceritinib crosses the
blood-brain barrier in non-tumor-bearing rats, and in the
Phase I study, patients with 4ALK-positive NSCLC and docu-
mented brain metastases who received ceritinib 750 mg/d had
an intracranial antitumor response rate of 34.5%."

This study was limited by the relatively small number
of patients treated at our institutions and a lack of com-
parator patients who did not receive the proactive regimen.
Nonetheless, considering that 38% of patients on ceritinib
require dose modification due to GI AEs,'* on the basis of
the nine patients evaluated here, implementation of proac-
tive drug treatment plans, such as Regimens A and B, may
significantly increase the number of patients who remain
on 750 mg daily.

GI AEs experienced on tyrosine kinase inhibitor therapy
can be distressing for patients and if persistent, may affect
their quality of life."” In our experience, the initial 1-2 weeks
of treatment are often the most difficult time for patients, and
therefore addressing potential AEs at this stage may help
prevent deviations from the recommended 750 mg daily dose.
Adherence to therapy is a pertinent issue for cancer patients,
and it is estimated that up to 80% of patients do not take oral
antineoplastic agents according to their prescription.'® These
two regimens allow for the initiation of supportive care with
the first dose and are then tapered off based upon symptoms,
to minimize the duration of needed treatment. Patient edu-
cation has been reported to increase patient adherence to
oral anticancer agents.'® Therefore, preparing patients and
physicians to expect adverse reactions is valuable; dispens-
ing the supportive medication prior to leaving the office and
taking the first dose is essential; and presenting proactive

AE treatment options upfront as part of a treatment package
could help maximize patient drug exposure as they start a
new therapy.
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