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Division Director Summary Review 

1. Introduction

Ceritinib is an inhibitor of the ALK receptor tyrosine kinase. Genetic rearrangements 
(translocations) in the ALK gene, most commonly EML4 translocation, result in expression of 
a fusion protein with ligand-independent, constitutive activation. In vitro studies demonstrate 
that ceritinib inhibits autophosphorylation of ALK, ALK-mediated phosphorylation of 
downstream signaling proteins; ceritinib also inhibits proliferation of ALK-dependent cancer 
cell lines in vitro and in tumor xenograft models. 

The safety and efficacy of ceritinib is primarily based on data from Study CLDK378X2101, an 
open-label, multi-stage, dose-escalation and multiple parallel cohort, activity-estimating trial 
investigating the safety, pharmacokinetics, and anti-tumor activity of ceritinib in patients with
tumors confirmed to have genetic abnormalities in ALK or who had previously received an 
ALK inhibitor (Arms A and B of the dose-cohort expansion).

The efficacy and safety of ceritinib was established in an open-label, single-arm study
enrolling 163 patients with metastatic ALK-positive NSCLC whose cancer had progressed 
while receiving or were intolerant to crizotinib. All patients received ceritinib 750 mg once 
daily. The objective response rate (ORR) in this population, as determined by a Blinded 
Independent Central Review Committee (BIRC) was 44% (95% CI: 36, 52) and the median 
duration of responses was 7.1 months (95% CI: 5.6, NE).  These results are similar to those 
reported by clinical investigator assessment. In addition, these results are supported by anti-
tumor activity observed in patients who had never received crizotinib. 

The major concern identified in this application was the appropriateness of the dose used in the 
major efficacy trial, which is poorly tolerated and may be higher than required to achieve the 
observed anti-tumor effect. At the proposed recommended dose of 750 mg orally, taken 
without food, 98% of patients experienced gastrointestinal (GI) adverse reactions consisting of 
diarrhea (86%), nausea (80%), vomiting (60%), and abdominal pain (54%). Additional 
common adverse reactions (incidence ≥25%) were fatigue, decreased appetite, and 
constipation. The most common laboratory abnormalities reported in patients receiving 
ceritinib were increased alanine transaminase (ALT) (80%), increased aspartate transaminase 
(AST) (75%), increased creatinine (58%), increased glucose (51%), increased lipase (29%), 
and increased bilirubin (16%). The most common NCI CTCAE Grade 3 or 4 adverse reactions 
(per-patient incidence ≥5%) were diarrhea and fatigue; the most common or clinically 
significant NCI CTCAE Grade 3-4 laboratory abnormalities (≥ 5%) were elevated 
transaminases (alanine transaminase (ALT) and/or aspartate transaminase (AST)), new or 
worsening hyperglycemia, and increased serum lipase levels.  Serious and including fatal 
adverse reactions of ceritinib identified in clinical trials were hepatotoxicity, interstitial lung 
disease, prolongation of the corrected QT interval, and hyperglycemia.  Based on nonclinical 
findings, the observations of clinically significant elevations in serum lipase, pancreatitis was 
identified as a potential serious adverse reaction of ceritinib.  Identification of this adverse 
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reaction may have been confounded by attribution of symptoms to general GI toxicity, given 
the near universal occurrence of GI symptoms. Since no clinical cases of pancreatitis were 
identified, the animal findings are described in Section 13 of the labeling. 

During the review, concerns were raised by both the clinical and clinical pharmacology 
reviewers regarding the appropriateness of the proposed recommended dose. Approximately 
60% of patients treated with the recommended Phase 2 dose (750 mg daily) required at least 
one dose reduction; the most common reason for dose reduction was GI toxicity.  Furthermore, 
the population pharmacokinetic analysis of the exposure-response (ORR) relationship did not 
clearly identify that exposure correlated with the objective response rate; this finding however 
is based almost entirely on patients who received ceritinib as a dose of 750 mg daily.

While product labeling appears adequate to allow safe use, off-label treatment 
recommendations (to take ceritinib with food in patients with GI toxicity) may increase the 
risks of toxicity.  Therefore, FDA has required post-marketing trials to further assess the 
safety, tolerability, and pharmacokinetics of ceritinib at various doses taken with and without 
food.  

2. Background

Indicated Population
Lung cancer is the leading cause of cancer-related mortality in the United States, with an 
estimated 228, 190 new cases predicted and 159, 480 deaths from lung cancer estimated to 
occur in 2013. 1  The 5-year survival rate for patients with lung cancer between 1995 and 2001 
was 15.7%.  An estimated that 3-6% of patients with non-small cell lung cancer have a gene 
rearrangement between anaplastic lymphoma kinase (ALK) and echinoderm microtubule-
associated protein like 4 (EML-4) genes resulting in a novel tyrosine kinase protein that is a 
driver mutation for lung cancer; this gene rearrangement was first identified in 2007.  

The only drug approved specifically for patients with NSCLC bearing an ALK gene 
rearrangement is Xalkori (crizotinib).  Since the proposed indication is for treatment of 
patients who are no longer responding to or are intolerant to crizotinib, crizotinib cannot be 
considered an available therapy for the proposed indication supported by this NDA. 

The date and basis for approval for three FDA-approved drugs for the second- or third-line 
treatment of non-small cell lung cancer in patients without specific genetic mutations are 
summarized below; it is noted that none of these available therapies have response rates of 
more than 10%.  Based on their mechanism of action, treatment with agents directed at other 
mutations (e.g., erlotinib and afatinib) would not be considered available therapy for patients 
with ALK-positive NSCLC. These potential available therapies are:

 On December 23, 1999, docetaxel (Taxotere; Aventis) received approval for the treatment 
of locally advanced or metastatic non-small cell lung cancer after failure of prior platinum-
based chemotherapy.  Approval was based on a randomized trial comparing docetaxel to 

                                                
1 http://www.cancer.gov/cancertopics/types/lung. Last accessed October 26, 2013
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best supportive care, which demonstrated nominally significant improvements in overall 
survival (9.5 months vs. 4.6 months), one-year survival rates (40% vs 16%), and time-to-
progression (12.3 weeks vs. 7.0 weeks). 

 On August 19, 2004, pemetrexed (Alimta) was approved for the treatment of patients with 
locally advanced or metastatic non-small cell lung cancer after prior chemotherapy. The 
effectiveness of pemetrexed in second-line NSCLC was based on the surrogate endpoint, 
response rate. Approval was based on a multi-center, randomized, open label, trial 
comparing pemetrexed with docetaxel as second-line treatment for NSCLC.  The study 
failed demonstrate superior survival [HR 0.99 (95% CI: 0.82, 1.20); p=0.93] or superior 
progression-free survival [HR 0.97 (95% CI: 0.82, 1.16); p=0.75, Wald], time to 
progressive disease [HR 0.97 (95% CI: 0.80, 1.17); p=0.72, Wald], or objective response 
rate [9.1% vs. 8.8%, p=0.89, Fisher].  The application was referred to the Oncologic Drugs 
Advisory Committee on July 27, 2004; the ODAC advised FDA that pemetrexed was an 
active agent, based on the 9.1% response rate to single agent pemetrexed and similar 
progression-free survival and time-to-progression in pemetrexed and docetaxel arms, with 
a more favorable toxicity profile for single agent pemetrexed (significantly less 
neutropenia, febrile neutropenia, neutropenic infections and need for 
granulocyte/macrophage colony stimulating factors as compared to the docetaxel arm).  

 On November 18, 2004, erlotinib (Tarceva, OSI Pharmaceuticals) received initial approval 
for treatment of locally advanced or metastatic NSCLC after failure of at least one prior 
chemotherapy regimen.  Approval was based on the BR.21 trial, a randomized (2:1), double-
blind, placebo-controlled trial comparing erlotinib plus best supportive care (BSC) to placebo 
plus BSC. The trial demonstrated a significant improvement in overall survival [HR 0.73, 
p<0.001; median OS of 6.7 months vs. 4.7 months] supported by significantly longer 
progression-free survival [HR 0.59, p<0.001; median PFS 9.9 vs. 7.9 weeks] and higher 
overall response rate (8.9% vs. 0.9%, p<0.001).  

Pre-submission regulatory history
The ceritinib clinical development program for ceritinib as a single agent was conducted under 
IND 109272, submitted October 8, 2010; the IND-enabling clinical study was 
CLDK378X2101.

November 20, 2012: End of Phase 1/Pre-Phase 3 with Novartis. The purpose of the meeting 
was to seek advice on the ongoing trial (CLKD378X2101) to support a request for 
accelerated approval under 21 CFR 314.510 (Subpart H), on the proposed confirmatory 
trial (CLDK378A2303), and to discuss the clinical pharmacology program for LDK378. 
Key discussions and agreements reached were regarding Study CLDK378X2101:
 FDA agreed that ALK-rearranged NSCLC patients who have received prior 

chemotherapy and prior crizotinib represent a population with an unmet medical need 
and that demonstration of durable objective tumor shrinkage (ORR) may be used to 
support market authorization under 21 CFR 314 Subpart H regulations if both the 
magnitude of the response rate and duration of responses appear likely to predict 
clinical benefit and the risk-benefit analysis appears favorable at the time of review. 

 An NDA submission would be based on demonstration of an ORR of more than 52% 
observed in at least 80 patients (corresponding to an exact binomial 95% CI with a 
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lower bound greater than 40%).  Novartis confirmed that the efficacy population would 
include at least 80 patients who met all of the following criteria: (1) previously treated 
with crizotinib , (2) received LDK378 at a dose of at least 750 mg/day, and (3) 
followed for at least 12 weeks unless discontinued for treatment earlier.

 For regulatory purposes, the determination of overall response rate and response 
duration would be based upon independent review. 

 The NDA will contain all available additional data from the clinical trial up to the data
cut-off point.

 In the absence of any unexpected safety signals, the size of the proposed safety 
database appears to be adequate for a preliminary assessment of the benefit/risk profile 
of LDK378.  

 FDA did not agree that the methodology for the determination of ALK status for 
inclusion in Study CLDK378X2101 would be acceptable for the proposed trial 
intended to verify clinical benefit.

 The indicated population in a proposed NDA can only be defined by the eligibility 
criteria used to enroll patients in the trial.  Novartis stated their intent to retrospectively 
document ALK-positivity in tumor samples obtained prior to crizotinib treatmentIn 
order to support the statement that re-testing to confirm continued ALK-positivity is 
not necessary, FDA requested that Novartis submit the literature (referenced).

 The effect of hepatic impairment on the LDK378 systemic exposure will determine the 
need for dose adjustment in this patient population and appropriate dose and regimen 
recommendations will be included in the product labeling; the hepatic impairment 
study can be conducted in non-cancer subjects with hepatic impairment; and the 
proposed PMR study protocol and timelines of completion and final study report 
submission should be included in the NDA submission.

 FDA strongly recommended that the proposed drug interaction studies with 
ketoconazole and rifampin and the proposed study in patients with hepatic impairment 
be completed at the time of the NDA submission.

 FDA found the proposed ECG monitoring plan in clinical trials is acceptable. FDA 
requested submitting the QT evaluation plan for QT-IRT review before the NDA 
submission.

March 6, 2013: Breakthrough Therapy Designation was granted for LDK378 for the treatment 
of patients with metastatic non-small cell lung cancer (NSCLC) that is ALK-positive as 
detected by an FDA-approved test and which has progressed during treatment with 
crizotinib or where patients are intolerant to crizotinib.

April 9, 2013: FDA advised Novartis via e-mail communication of a memo that the drug 
interaction studies be performed with multiple doses of LKD378, in light of the non-linear 
pharmacokinetics of LDK378 upon multiple dosing. 

On May 13, 2013, preliminary comments were issued to Novartis in response to Novartis’ 
March 18, 2013 meeting request to obtain FDA guidance on drug substance starting 
materials and drug substance and drug product stability data for the NDA submission for 
the treatment of patients with  metastatic non-small cell lung cancer 
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 Novartis stated that the protocol was amended to require BIRC review in response to 
FDA’s advice during the November 20, 2012, however Novartis anticipates that 
images will not be obtainable for all patients.  In light of this, FDA agreed that the 
BIRC-assessment would be supportive, with investigator-assessed responses as 
primary.

 Novartis confirmed that the duration of response will be defined as the time from first 
documented response (PR or CR) to the date of first documented disease progression or 
death due to any cause.

 Novartis’ proposal to provide SAE and death listings for ongoing phase 2 and 3 studies 
(listed in table 2-1 of Novartis’ July 29, 2013 communication), is acceptable. Based on 
Novartis’ explanation, FDA agreed that providing listings of adverse events leading to 
discontinuation or dose modification is not required for these ongoing studies.

September 27, 2013: ceritinib (identified as [5-Chloro-N2-[2-isopropoxy-5-methyl-4-(4-
piperidinyl) phenyl]-N4-[2(isopropyl sulfonyl) phenyl]-2,4-pyrimidinediamine])  was 
designated as an orphan drug for the indication of treatment of non-small cell lung cancer 
that is anaplastic lymphoma kinase (ALK)- positive. 

November 20, 2013: Pre-NDA meeting to discuss the content of the NDA and format of the 
120-day safety update. The proposed NDA would provide assessment of efficacy 
outcomes for patients receiving LDK378 750 mg daily in (1) Arms A1 and A2 combined, 
(2) Arm B, and (3) Arm C, as well as in pooled populations of all patients with NSCLC 
and all patients with prior ALK inhibitor therapy (Arms A1, A2, and B), The proposed 
data cut-off date of August 2, 2013 for the analyses of ORR, DoR, and PFS was based on 
inclusion of patients who had completed 18 weeks of follow-up from their first dose of 
LDK378.  Key advice provided and agreements reached were
 Agreement on the content of the NDA, provided labeling was provided in SPL format 

in the last component or within 30 days of receipt of the last component of the NDA.
 Agreement that these data (based on the summary information in the background 

package) would allow an assessment of benefit-risk 
 Agreement on the proposed timelines for the rolling NDA submissions
 As previously stated, FDA considers the BIRC-assessed analyses to be the primary 

analyses for efficacy, conducted in all patients receiving at least one dose of LDK378, 
with analyses in the “evaluable analysis set” to be supportive. FDA acknowledged
Novartis’ concerns that the primary analysis is affected by accrual rates and stated that 
submission of the efficacy update may mitigate these concerns. Novartis stated that the 
efficacy update will include investigator-determined and IRC-determined response. 
FDA agreed to review all of the available data including investigator- and IRC-
determined ORR in the FAS and EAS in order to arrive at a decision regarding 
approval; FDA stated that the exact data that will be included in the label will be a 
review decision. Novartis agreed to provide the analysis of concordance between the
IRC- and investigator-determined responses. FDA agreed with submission of a risk 
management plan only in the NDA; a final decision on the need for a REMS would be 
made during the NDA review.
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The product will be marketed as 150 mg capsules in blue and white-colored hard gelatin 
capsules. The capsules will be packaged in bottles of 70 capsules each; there is no external 
carton. 

Agreed-upon post-marketing commitments requested by CMC are: 
 To submit a revised testing monograph (TM) that will include a  method and 

specification for LDK378 drug product (capsule content).
 To submit the 9-month stability data for registration stability batches and 24-month 

stability data from on supportive stability.

4. Nonclinical Pharmacology/Toxicology

I concur with the conclusions reached by the pharmacology/toxicology reviewers that there are 
no outstanding pharmacology/toxicology issues that preclude approval.

The application contained the results of non-clinical pharmacology, single- and multiple dose 
toxicology studies, embryofetal toxicology, and safety pharmacology studies for 
cardiovascular and neurologic effects.  Reproductive toxicology and carcinogenicity studies 
were not conducted by Novartis and were required for approval given the proposed indication, 
in patients with metastatic lung cancer.  

In both humans and animals, ceritinib has low to moderate bioavailability, is highly protein 
bound (≥ 97%), has a prolonged terminal half-life, and is metabolized in the liver with fecal 
excretion.  The pharmacologic class was supported by nonclinical pharmacology studies. 
Biochemical screening and in vitro cellular assays indicated that ceritinib inhibits ALK, two 
members of the insulin receptor superfamily, InsR and IGF-1R, and ROS-1 at exposures (e.g., 
10 nM) of the free drug that are achievable in the humans with 750 mg oral daily dosing.
In 13-week toxicology studies in rats and non-human primates, the major target organs for 
toxicological findings were the pancreas, bilio-pancreatic ducts, bile ducts, gastrointestinal 
tract, and liver. The lung was identified as a major target organ in rats.  With the exception of 
pancreatic toxicity, all findings observed in general toxicology studies were also observed in 
clinical trials. 

Ceritinib demonstrated the potential for QTc prolongation in an in vitro hERG assay at 
exposures of ≥ 0.3 microM and in a cardiac safety pharmacology study in non-human primates
receiving a single dose of ceritinib of 100 mg/kg. Ceritinib crossed the blood-barrier in rats, 
however no significant behavioral or physiological changes were observed in a CNS safety 
pharmacology study following a single dose of ceritinib. 

Ceritinib was not mutageneic in in the bacterial reverse mutation assay and no adverse effects 
were observed for male or female reproductive organs in the general toxicology studies. In 
embryofetal development studies conducted in rats and rabbits, dose-related increases skeletal 
toxicity were observed in both species. At higher doses, maternal toxicity, spontaneous 
abortions, and embryolethality were observed in rabbits. 
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The nonclinical reviewers’ assessment of the nonclinical studies supported FDA’s 
modifications to proposed product labeling for Use in Specific Populations (8.1, 8.7), Clinical 
Pharmacology (12.1), and Nonclinical Pharmacology/Toxicology (13).   

5. Clinical Pharmacology

I concur with the conclusions reached by the clinical pharmacology reviewers that there are no 
outstanding clinical pharmacology issues that preclude approval.  I also concur that there are 
several outstanding concerns regarding safe dosing of ceritinib in patients with hepatic 
impairment, taking food to alleviate gastrointestinal toxicity, or taking pH lowering agents, as 
well as unaddressed issues regarding the effects of ceritinib on CYP3A4 and CYP2C9 
substrates that can be addressed through post-marketing requirements, given the agreed-upon 
statements in product labeling regarding limitations of knowledge in these areas. 

As noted in their review, the NDA contained information on ADME ((absorption,
distribution, metabolism, excretion) of ceritinib, single and repeat-dose pharmacokinetics of 
ceritinib in patients with cancer, and a population pharmacokinetic (PK) analysis in patients 
with ALK-positive cancers (almost exclusively ALK-positive, metastatic NSCLC),  In 
addition, the NDA contained the results of a food-effects study, an evaluation of the effects of 
ceritinib in on QT interval based on analyses of ECGs obtained in clinical studies, two drug-
drug interaction studies in healthy subjects, and in vitro studies to assess the drug interaction 
potential of ceritinib with cytochrome P450 (CYP) and transporters.

The single dose PK of ceritinib was evaluated in samples obtained from healthy subjects 
enrolled in one of four clinical pharmacology studies or in patients with ALK-positive tumors 
enrolled in the major efficacy trial (Study X2101) or in a small study (n=19) conducted in 
Japanese patients. The multiple-dose PK of ceritinib was evaluated in patients in Study X2101, 
and in Japanese patients; approximately 85% of the data were obtained in patients who 
received ceritinib at a dose of 750 daily. Following oral administration, Cmax was reached at 4-
6 hours with a terminal half-life of 41 hours. Ceritinib exhibits nonlinear time-dependent PK, 
with greater than dose proportional exposure after repeat doses over recommended doses (and 
under recommended dose modifications).  At the recommended initial dose, steady state is 
achieved within15 days, with a six-fold accumulation.  Based on ADME studies, hepatic 
metabolism is the major route of elimination (92% of the radiolabeled dose was recovered in 
feces); given these findings, a post-marketing requirement (PMR) trial has been imposed to 
assess the effects of hepatic impairment on ceritinib exposure. ADME studies demonstrated 
that 1.3% of the administered radiolabeled dose was recovered in the urine, therefore studies in 
patients with renal impairment were not required. 

The aqueous solubility of ceritinib is pH-dependent; ceritinib is completely soluble at pH=1 
and 55,000-fold less soluble at pH=6.8. Since gastric acid reducing agents may decrease the 
solubility of ceritinib and thus reduce its bioavailability, a post-marketing requirement PMR 
has been imposed to investigate the effects of pH lowering agents on ceritinib 
pharmacokinetics. Ceritinib is primarily metabolized by CYP3A and is a reversible and time-
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The clinical pharmacology review noted that higher ceritinib exposure may correlate with a 
higher incidence and earlier onset of serious adverse events, early time to first dose 
modification (reduction or interruption), and higher incidence of transaminitis (ALT/AST) and 
hyperglycemia. There was no clear relationship between systemic exposure and the incidence 
of GI toxicity.  The clinical pharmacology review postulated that the risk of GI toxicity may be 
related to drug concentrations locally (in the GI tract) rather than systemic exposure. 

A formal bioavailability study was not conducted; however the clinical pharmacologists 
predicted that the bioavailability of ceritinib is low.  The food effect study demonstrated 
clinically important increases in ceritinib exposure with a high-fat, high-calorie meal (AUC 
increased by 73% and Cmax by 41%) and with a low-fat meal (AUC increased by 58% and Cmax 

by 43%) compared with ceritinib taken under fasting conditions. 

Ceritinib prolonged the QTc interval in a concentration dependent manner based on analyses 
of population concentration-QTc analyses using time-matched ECG and PK data from the
major efficacy trial. Following repeat daily doses of 750 mg ceritinib, large changes (i.e., >20 
ms) in the QTc interval were detected at steady-state (Cycle 2 Day 1 and beyond). 

Based on their review, the clinical pharmacology reviewers identified the need for the 
following post-marketing requirements to assess the risks of ceritinib dosing in the following 
specific settings:
 To conduct an additional trial evaluating the safety, including changes in the 

pharmacokinetic profile, of food effects on one or more doses on ceritinib at or below the 
recommended dose of 750 mg daily.

 To complete and submit the results of a pharmacokinetic trial to determine the appropriate 
dose of ceritinib in patients with hepatic impairment.

 To conduct a drug interaction trial evaluating the effects of ceritinib on the
pharmacokinetics of midazolam (CYP3A4 substrate).

 To conduct a drug interaction trial evaluating the effects of ceritinib on the 
pharmacokinetics of diclofenac (CYP2C9 substrate).

 Conduct a clinical trial assessing the effects of pH elevating agents on the 
pharmacokinetics of ceritinib.

6. Clinical Microbiology

Not applicable.  

7. Clinical/Statistical-Efficacy

Agreements regarding the clinical development program are summarized in Section 2 of this 
review.  The development program was adequate to characterize anti-tumor activity in support 
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of approval under the accelerated approval provisions, however the adequacy of the program 
to identify serious risks occurring at a low incidence (<0.5%) and to establish the 
appropriateness of the recommended dose were limited.  The former concern will be addressed 
in clinical trials required to verify clinical benefit, which will provide a larger and comparative 
safety experience.  The latter concern is discussed in greater detail, immediately below and 
will be addressed in product labeling and in post-marketing requirements evaluating various 
doses of ceritinib administered with or without food. 

The proposed recommended dose of 750 mg orally, once daily, taken on an empty stomach 
(defined as no food eaten at least two hours before and for at least two hours after ceritinib 
dosing) is based on the 304 patients enrolled in Study CLKD378X2101, a first-in-human, 
multicenter, open-label, sequential dose-escalation and activity estimating trial conducted in 
adult patients with ALK-positive cancers. There were 59 patients enrolled in the dose-
escalation portion of the trial at the following dose levels

 2 patients at 50 mg daily
 2 patients at 100 mg daily
 3 patients at 200 mg daily
 3 patients at 300 mg daily
 14 patients at 400 mg daily
 10 patients at 500 mg daily
 10 patients at 600 mg daily
 5 patients at 700 mg daily
 10 patients at 750 mg daily

The design of the trial is discussed in more detail later in this section of the Summary Review, 
however it is notable that the proposed recommended dose (and recommended Phase 2 dose) 
of ceritinib of 750 mg once daily was based on the first stage of the trial, which employed a 
Bayesian logistic regression model, in which the recommended dose is the one with the 
highest posterior probability of the DLT rate falling in the target interval (16%, -33%) among 
the doses fulfilling EWOC, i.e. it is unlikely (<25% posterior probability) that the DLT rate at 
the dose falls in the excessive toxicity interval.  Using these criteria, the probability of 
overdose (>25% probability that the DLT rate ≥33%) at Cycle 1 was 3.3% at the 750 mg dose 
level.  Novartis, in consultation with investigators, determined that further dose-escalation was 
considered to be medically inappropriate based on the observed incidence of persistent grade 
1-2 GI toxicity (nausea, vomiting and diarrhea), and the incidence of grade 3-4 liver tests 
(ALT and AST) in subsequent treatment cycles.

Both the clinical and clinical pharmacology reviewers were concerned that the optimal dose of 
ceritinib has not been identified.  It was noted that approximately 60% of patients initiating 
treatment at 750 mg required at least one dose reduction; the primary reason for dose reduction 
was gastrointestinal (GI) toxicity (nausea, vomiting, abdominal pain, and/or diarrhea) which 
occurred in 98% of patients and resulted in dose modifications in 42% of patients.  It appeared
that the majority of dose reductions occurred early in the treatment (after approximately one 
month), indicating that the 750 mg dose was not tolerable in many patients.  More concerning 
are public statements made by at least one investigator in the trial, recommending that patients 
with GI toxicity take ceritinib with food at the same or a reduced dose of 600 mg daily. The 
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safety of this advice is not supported by the results of food effects studies, which predict that 
such actions would result in a clinically important (and potentially unacceptably toxic) 
increase in ceritinib exposure levels. 

Protocol CLKD378X2101 (X2101)
Title: “A phase I, multicenter, open-label, dose-escalation study of LDK378, administered 
orally in adult patients with tumors characterized by genetic abnormalities in anaplastic
lymphoma kinase (ALK)”

Objectives were determination of the maximum-tolerated dose, characterization of the PK of 
ceritinib, assessment of the toxicity profile, and assessment of anti-tumor activity (objective 
response rate). 

Key eligibility criteria were age ≥ 18 years, measurable disease, ECOG PS ≤ 2, adequate organ
function, and evidence of an ALK translocation in ≥15% of tumor cells, as measured by FISH, 
in patients with NSCLC or evidence of an ALK translocation by FISH or overexpression of 
ALK protein in tumor cells for patients with other primary tumors (i.e. not NSCLC).  [note: 
Since an FDA-approved or qualified assay was not required to determine eligibility, Novartis 
retrospectively confirmed ALK mutation status with an FDA-approved test (Vysis) in 
approximately 90% of patients in the efficacy population).  Patients with impairment of the GI 
tract, GI symptoms > NCI CTCAE Grade 1, history of pancreatitis, history of acute or chronic 
liver disease, clinical significant cardiovascular disease or uncontrolled hypertension, and 
symptomatic CNS metastases were excluded. 

Trial design: The dose-escalation stage of the trial evaluated doses of 50, 100,  an adaptive 
Bayesian logistic regression model (BLRM) with 2 parameters, guided by the escalation with 
overdose control (EWOC) principle to determine the maximum tolerated dose.  While 
awaiting sufficient follow-up data to determine whether to enroll in the next dose level, 
additional patients could be enrolled in cohort, which did not contribute to determination of the 
MTD. The dose-expansion phase evaluated anti-tumor activity in 10-100 patients per disease-
specific cohort (as listed below) at the recommended Phase 2 dose established in the dose 
escalation phase of the trial.

 Arm A1: Patients with ALK-translocated NSCLC who had disease progression during
treatment or within 2 weeks of the last dose of an ALK inhibitor and planned initiation of
LDK378 within 60 days of the last dose of the prior ALK inhibitor,

 Arm A2: Patients with ALK-translocated NSCLC who were previously treated with an 
ALK inhibitor and do not meet the criteria for Arm 1A, above.

 Arm B: Patients with NSCLC previously treated with an ALK inhibitor that was not 
refractory to prior ALK inhibitor, but who had experienced disease progression since last 
ALK inhibitor therapy (which need not have been the last prior therapy)

 Arm C: Patients with NSCLC not previously treated with an ALK inhibitor
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 Arm D: Patients with a malignancy with genetic abnormalities in ALK, other than NSCLC

Patients were permitted to receive LDK378 until unacceptable toxicity that precludes any 
further treatment, disease progression, or treatment discontinuation at the discretion of the 
investigator or by patient request.

Tumor assessments are to be conducted every other cycle (i.e., every 6 weeks plus 14 day 
window). Response assessment by investigator is per RECIST (Response Evaluation Criteria 
in Solid Tumors) v1.0 based on local interpretation of radiology.

In the final version of the protocol, the proposed sample size of 350 patients was based on the 
assumption that 40 patients would be enrolled in the dose-escalation phase including at least 6 
patients treated at the maximum tolerated dose.  The proposed sample size for the dose-
expansion cohorts were 25 to 100 patients each in Arms A (A1 plus A2) B, and C, and a 
maximum of 10 patients in Arm D for a maximum enrollment in the dose-expansion stage of 
310 patients.  There was clear justification for these sample sizes.  Data from patients who 
received the recommended Phase 2 dose in the dose-escalation stage were to be pooled with 
data from patients in the expansion phase for the evaluation of ORR, with a statement that an 
ORR of >25% would be considered to be clinically relevant. 

The analysis plan was limited to descriptive statistics, with calculation of the objective 
response rate and respective 95% confidence intervals around the observed response rate in 
each treatment subgroup (Arms A1, A2, B, or C).  Descriptive statistics would also be applied 
to the assessment of duration of response, progression-free survival, and overall survival, 
including assessment of time-to-event endpoints at 3 6, 12, 18, and 24 months.  

The protocol was amended 6 times after initiation of the study (first patient enrolled).  
Significant amendments for regulatory purposes included: 
 Added criteria for determination of ALK-positive status, requiring detection of ALK 

rearrangement by FISH in ≥15% of tumor cells in patients with NSCLC (Amendment 1)
 Creating two subgroups from original Study Arm A (now A1 and A2) and increase in 

sample size for Arms A1, A2, and B to 25 patients each (amendment 2)
 Increase in sample size for the expansion cohorts to a total of 100 patients each in Arms 

A1, A2, and B (amendment 3)
 Clarification that the data cur-off for the safety evaluable population would occur after all 

patients had completed at least 6 cycles of therapy 
 addition of the assessment of tumor status by a Blinded Independent Review Committee 

in Amendment 4

Results
The trial was conducted at 20 centers across 11 countries. The first patient initiated treatment 
on March 21, 2011 and the last patient was enrolled and initiated treatment on July 31, 2013: 
the data cut-off date in the original NDA submission was August 2, 2013, the safety update 
contained data through a cut-off date of October 31, 2013.  
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A total of 304 patients enrolled in Study X2101 and all patients receive at least one dose of 
ceritinib (i.e., were in the “full analysis dataset”). Of these, 59 patients were treated in the 
dose-escalation phase of the trial.  There were 255 patients treated with a ceritinib dose of 
750mg (246 patients with NSCLC and 9 with other primary cancers); this includes 10 patients 
who received ceritinib in the 750 mg dose cohort in the dose-escalation stage of the trial.  The 
primary efficacy population was comprised of 163 patients with NSLCL who were accrued in 
Arms A1 (m=115) or A2 (n=48); all 163 patients had received prior crizotinib and only 14 
patients enrolled in Arm A2 had experienced disease progression during or within 2 weeks of 
the last dose of crizotinib.  Supportive efficacy data were provided from investigator-reported 
responses in 83 patients enrolled in Arm C (crizotinib-naïve).

In the efficacy population (N=163), the demographics and baseline characteristics were 54% 
female, median age of 52 years with 86.5% less than 65 years, 66% White and 29% Asian, 
53% accrued in the US, 22% in Europe and 25% in Asia/Pacific regional sites, 67% were 
never smokers and only 3% were current smokers and the ECOG PS was 0 in 23% and 1 in 
64%.  The vast majority (91.4%) had progressed on crizotinib, 93% had adenocarcinoma as 
the histologic subtype, however approximately one-fifth (21.5%) did not meet the eligibility 
criteria for ALK-positivity in that <15% of tumor cells with ALK mutations as detected by 
FISH.  Of the 163 patients, 39% had more than 4 sites of metastatic disease at baseline and 
60% had CNS metastases.  

The results of the BIRC- and investigator-assessed overall response rate and response duration, 
as determined in the intent-to-treat population defined as all patients enrolled in the trial who 
received any part of a dose of ceritinib, are presented in the table below.  Since only 2 of the 
163 patients refused to give consent for BIRC review, as originally requested by FDA in 
November 2012, the primary efficacy analysis for overall response rate and response duration 
should be based on the BIRC-assessment and the investigator-assessment is considered 
secondary.  

Efficacy 
Parameter

BIRC
Assessment

(N=163)

Investigator
Assessment

(N=163)

Overall Response Rate  
(95% CI)

44%5\
(36, 52)

55%

(47, 62)

CR 2.5% 1.2%

PR 41% 53%

Median duration of response (mos)
(95% CI)

7.1 
(5.6, NE) 

7.4

(5.4, 10.1)

1Overall Response Rate and Duration of Response determined by RECIST v1.0

BIRC, blinded independent review committee; CR, complete response; NE, not 
estimable; PR, partial response.

Exploratory analyses of the overall response rates in relevant subgroups were conducted; all 
subgroups (region, age, race, number of metastatic sites, and number of prior regimens) 
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 Sinus bradycardia, defined as less than 50 beats per minute,  in 1% of 255 
patients and was reported as an adverse drug reaction in 3% of 255 patients.

In addition, the following serious adverse drug reaction was identified based on non-clinical 
studies and included in product labeling.  The rationale for inclusion of these adverse reactions 
in Warnings is discussed under Section 4 of this Summary Review

 Embryofetal toxicity

REMS
Novartis provided a Risk Management Plan consisting of product labeling and routine 
pharmacovigilance for the risks of hepatotoxicity, QT prolongation, interstitial lung disease, 
bradycardia, and hyperglycemia.  I concur with the conclusions of the DRISK and clinical 
review team members that a REMS is not required to ensure safe use as other drugs with these 
same risks have been safely prescribed by oncologists and used by patients with cancer.   
Specifically, many of these risks are also present with crizotinib, a drug which all patients 
falling within the indicated population have already received. 

PMRs and PMCs
There was one post-marketing requirement to address safety concerns identified by both the 
clinical and clinical pharmacology reviewers

To conduct an additional trial evaluating the safety, including changes in the
pharmacokinetic profile, of food effects on one or more doses on ceritinib at or below the 
recommended dose of 750 mg daily.

A post-marketing study is required to verify efficacy under the provisions of 21 CFR 314.510.  
In addition, multiple PMRs are required to characterize safe dosing, as described under section 
5 of this review.  Finally, post-marketing commitments have been agreed-upon to provide 
additional characterization of the product manufacturing, as discussed in section 3 of this 
review.  

9. Advisory Committee Meeting

This NDA for a new molecular entity was not referred to the Oncologic Drugs Advisory 
Committee for review for the following reasons: the safety profile is acceptable for the 
treatment of patients with (ALK)-positive metastatic NSCLC who have progressed on or are 
intolerant to crizotinib, the application did not raise significant public health questions on the 
role of the ceritinib for this indication, and outside expertise was not necessary since there 
were no controversial issues that would benefit from an advisory committee discussion.  Two 
Special Government Employees, a physician and a patient representative, were identified to 
provide advice on the risk:benefit assessment and product labeling.  Both agreed that the 
risk:benefit assessment was positive for the indicated population but expressed concerns 
regarding the high incidence of GI toxicity, frequently resulting in dose reduction.  
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13. Decision/Action/Risk Benefit Assessment

 Regulatory Action: I recommend that this NDA be approved.  

 Risk Benefit Assessment
Recurrent ALK-positive NSCLC is a serious disease with unmet medical needs.  The 
identification of the ALK gene rearrangement is recent, thus data on the natural history in 
this subgroup of NSCLC is being developed, however the 5-year survival rate for patients 
with lung cancer between 1995 and 2001 was 15.7%.  Given the evidence of durable 
objective responses by independent review in approximately half of the patients treated 
with ceritinib, when available therapy offers a response rate of less than 10%, and that the 
risks identified in clinical studies or non-clinical evaluation are similar to approved drugs 
for treatment of cancer including lung cancer, I find the risk:benefit assessment to be 
positive and support a recommendation for approval with the agreed-upon labeling. 

In an open-label, single-arm study enrolling 163 patients with metastatic ALK-positive 
NSCLC whose cancer had progressed while receiving or were intolerant to crizotinib, the 
objective response rate (ORR) in this population, as determined by a Blinded Independent 
Central Review Committee (BIRC) was 44% (95% CI: 36, 52) and the median duration of 
responses was 7.1 months (95% CI: 5.6, NE).  

At the proposed recommended dose of 750 mg orally, taken without food, adverse drug 
reactions were comment with 98% of patients experiencing gastrointestinal (GI) adverse 
reactions consisting of diarrhea (86%), nausea (80%), vomiting (60%), and abdominal pain 
(54%). Additional common adverse reactions (incidence ≥25%) were fatigue, decreased 
appetite, and constipation. The most common NCI CTCAE Grade 3 or 4 adverse reactions 
(per-patient incidence ≥5%) were diarrhea and fatigue; the most common or clinically 
significant NCI CTCAE Grade 3-4 laboratory abnormalities (≥ 5%) were elevated 
transaminases (alanine transaminase (ALT) and/or aspartate transaminase (AST)), new or 
worsening hyperglycemia, and increased serum lipase levels.  Serious and including fatal 
adverse reactions of ceritinib identified in clinical trials were hepatotoxicity, interstitial 
lung disease, prolongation of the corrected QT interval, and hyperglycemia.  Both the 
serious and common adverse reactions of ceritinib can be mitigated through dose 
modifications and appropriate patient monitoring. 

Although there are drugs approved for second-line treatment of NSCLC, none of these 
drugs provide such a high magnitude or durable responses.  Thus this population has no 
satisfactory alternative therapy and the observed findings in Study X2101 support 
Novartis’ request for accelerated approval. 

 Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies
I concur with the conclusions of the clinical and DRISK reviewers that a REMS is not 
required to ensure safe use of ceritinib in the indicated population for the reasons 
summarized in Section 8 of this review.
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 Recommendation for other Postmarketing Requirements and Commitments
Under the provisions of 21 CFR 314.510, post-marketing trials are required to verify 
clinical benefit.  Novartis has identified two trials (identified below); both trials are 
adequately designed and may be sufficient to fulfill this requirement. Therefore the post-
marketing requirement under 21 CFR 314.501 was written broadly to cover submission of 
either (or both) trials

o Protocol A2303, titled “A phase III multicenter, randomized study of oral ceritinib 
versus standard chemotherapy in adult patients with ALK-rearranged (ALK-positive) 
locally advanced or metastatic NSCLC who have been treated previously with one 
chemotherapy regimen (platinum doublet) and crizotinib”

o Protocol A2301, titled “A phase III multicenter, randomized study of oral ceritinib 
versus standard chemotherapy in previously untreated adult patients with ALK 
rearranged (ALK-positive), stage IIIB or IV, nonsquamous non-small cell lung cancer”

To conduct and submit the results of at least one multicenter, randomized clinical trial
establishing the superiority of ceritinib over standard therapy in adult patients with ALK-
rearranged (ALK-positive) metastatic NSCLC who have been previously treated with 
crizotinib or in adult patients with previously untreated ALK-positive metastatic NSCLC.

Post-marketing requirements under 505(o) are listed below.  The rationale for these PMRs 
are described in Section 5 of this Summary Review
o Conduct a clinical trial to evaluate the systemic exposure and safety of 450 mg Zykadia 

(ceritinib) taken with a meal and 600 mg Zykadia (ceritinib) taken with a light meal as 
compared with that of 750 mg Zykadia (ceritinib) taken in the fasted state in metastatic 
ALK-positive NSCLC patients.

o Complete a pharmacokinetic trial to determine the appropriate dose of Zykadia 
(ceritinib) in patients with hepatic impairment in accordance with the FDA Guidance 
for Industry entitled “Pharmacokinetics in Patients with Impaired Hepatic Function: 
Study Design, Data Analysis, and Impact on Dosing and Labeling.”  

o Conduct a clinical trial to evaluate the effect of repeat doses of Zykadia (ceritinib) on 
the single dose pharmacokinetics of midazolam (a sensitive CYP3A4 substrate) in 
accordance with the FDA Guidance for Industry entitled “Drug Interaction Studies –
Study Design, Data Analysis, Implications for Dosing, and Labeling 
Recommendations.”

o Conduct a clinical trial to evaluate the effect of repeat doses of Zykadia (ceritinib) on 
the single dose pharmacokinetics of warfarin (a sensitive CYP2C9 substrate) in 
accordance with the FDA Guidance for Industry entitled “Drug Interaction Studies –
Study Design, Data Analysis, Implications for Dosing, and Labeling 
Recommendations.”

o Conduct a clinical trial to evaluate if proton pump inhibitors, H2-receptor antagonists, 
and antacids alter the bioavailability of Zykadia (ceritinib) and to determine how to 
dose Zykadia (ceritinib) with regard to concomitant gastric acid reducing agents.
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