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Registration study LDK378X2101 (also referred to as study X2101) was the first-in-
human study to assess the effectiveness of ceritinib in ALK positive NSCLC patients. 
This is multicenter, single-arm, open-label, dose escalation study that enrolled 304 ALK-
inhibitor experienced and ALK-inhibitor naïve patients. The study was extended to 
include an expansion phase to characterize the efficacy, safety, and pharmacokinetics of 
ceritinib. The maximum tolerated dose (MTD) and recommended dose (RD) evaluated 
doses from 50 mg to 750 mg daily in 59 patients. An additional 245 patients were 
included were included in the expansion phase, with the primary endpoint of overall 
response rate (ORR) per RECIST 1.0 criteria.6  

Of the 304 patients included in study X2101, 290 were confirmed to have ALK positive 
NSCLC by FISH (Fluorescent in Situ Hybridization), and 246 received the RD of 750 mg 
daily. Of the 246 patients that received the RD of ceritinib, 83 were ALK-inhibitor naïve, 
and 163 patients were ALK-inhibitor experienced.6 Since the applicant is seeking an 
indication for experienced patients, the 163 ALK-inhibitor experienced patients were 
evaluated for the safety analysis for this trial.  

Patient demographics were consistent with characteristics of ALK-positive NSCLC 
patients. Median age was 53 years, and 98% had never smoked or were ex-smokers. All 
patients had locally advanced or metastatic disease, with over 50% of patients with brain 
metastases, and nearly 40% with liver metastases. The patients in this study were heavily 
pretreated with multiple antineoplastic regimens; 67.5% having prior treatment with at 
least 2 regimens.  All of the ALK-inhibitor experienced patients were previously treated 
with crizotinib, with disease progression in 91.4% of these patients when they entered 
ceritinib trials.  

Key Efficacy Findings: The primary efficacy analysis was evaluated based on data from 
the 246 patients who had received the RD of ceritinib. One hundred and eighty patients 
received ceritinib at least 18 weeks prior to the data cut-off date and were included in the 
efficacy analysis. This analysis also included ALK-inhibitor naïve patients. 

Overall, 60% of these patients achieved the primary endpoint of ORR per RECIST 1.0 
criteria: 69.5% of ALK-inhibitor naïve patients, and 55.4% of ALK-inhibitor experienced 
patients. A secondary endpoint of duration of response (DOR) was also assessed, and 
reported to be approximately 8 months in ALK-inhibitor experienced patients. Another 
secondary endpoint, Progression-free survival (PFS) was approximately 7 months, with 
an estimated 6 month and 12 month progression-free survival rate of 54% and 25% 
respectively.    

3.2 SAFETY CONCERNS 

Gastrointestinal (GI) toxicity was noted in 98% of patients, which was managed by 
holding or reducing the dose of ceritinib. Serious adverse events of concern include 
hepatotoxicity, QT prolongation, pneumonitis and possible pancreatitis.  

3.2.1  Hepatotoxicity – Increases in transaminase levels were frequently reported with 
ceritinib treatment, with ALT and/or AST increases greater than 3 times the upper 
limit of normal in 38.8% of patients at the RD in study X2101. Similarities in the 
frequency and severity of transaminase increases were similar in 41% of patients 
receiving the lower dose range of 400-700mg.6 Laboratory data showed ALT 
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increases greater than 5 times the upper limit of normal in 27% of patients and 
increases greater than 20 times the upper limit of normal in 1.3% of patients.7 
Two cases of drug-induced liver injury were reported, however, there were no 
cases of Hy’s law. One patient required permanent discontinuation due to elevated 
transaminases and jaundice. Fifty-two percent of patients received at least 1 dose 
reduction due to increases in transaminases. The majority of the dose reductions 
occurred during the first 12 weeks of treatment in 76% of patients, with the 
average reduction in dose to 600mg daily.6 There were no cases of death reported 
due to hepatic failure. 

 
3.2.2  QT prolongation – Ceritinib has inhibitory activity on the hERG potassium 

channels suggesting that there is a clinical risk for QTc prolongation (QTcP). At 
steady-state Cmax concentrations, the estimated increase in QTcP from baseline 
was 13.6ms and at concentrations as high as the 75% percentile of Cmax, the 
mean QTcP change from baseline was <20ms indicating a moderate risk for QT 
prolongation.6  However, 6% of patients had adverse events related to QT 
prolongation, of which 0.7% (n = 2) that were reported as serious adverse events.7 

One patient had grade 4 cardio-respiratory arrest and died. The other serious case 
was in a patient who experienced loss of consciousness that was attributed to 
brain metastases and subsequently died 10 days later. Both of these events were 
attributed to disease progression. There were 6 patients with grade 3-4 events (3 
with electrocardiogram QT prolongation, and syncope in 3 patients); however 
they were all reported as non-serious.  There were no cases of Torsade de Pointes, 
and no discontinuations from the study due to QT prolongation.7  

3.2.3 Interstitial Lung Disease (ILD)/Pneumonitis – Two fatal cases of pneumonitis 
were reported; 1 case in study X2101 with the RD of ceritinib, and 1 case in 
another study (X2102) in the 600mg dose.5 ILD/pneumonitis was reported overall 
in 4% of patients, with grade 3-4 adverse events in 3% of patients. 5 

3.2.4 Other safety topics of interest: 

• Bradycardia – Sinus bradycardia and bradycardia were each reported in 1.6% of 
all patients (all Grade 1).6  Bradycardia related to ECG QT prolongations was 
included with QT prolongation events. Mean decrease in heart rate was 8.9 bpm 
from baseline, but remained normal (72.8 bpm).6 None of the events were serious 
or led to study discontinuation.   
 

• Hyperglycemia – Adverse events of hyperglycemia were reported overall in 8% 
of patients, of which grade 3-4 events were reported in 5% of patients. New onset 
diabetes was reported in 7 patients.7 One case was suspected to be related to 
ceritinib, and the other 6 were attributed to corticosteroid therapy treatment for 
pneumonitis or CNS events.  Time to onset of diabetes varied from 11 days to 253 
days. Patients who developed hyperglycemia and/or new onset diabetes were 

                                                 
7 LDK378 Core Risk Management Plan, Novartis 
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treated with anti-diabetic medications, or managed with dose reduction or 
interruption. There were no discontinuations due to hyperglycemia.  
  

• Pancreatitis – In nonclinical data, repeated doses of ceritinib in rats and monkeys 
up to 13 weeks led to vacuolation, hypertrophy, inflammation, erosion, necrosis, 
and hyperplasia in the biliary and pancreatic ducts. Approximately 10% of 
patients exhibited signs and symptoms of acute pancreatitis.8 Asymptomatic 
elevations in amylase and lipase were noted as grade 1 or 2 elevations, and 
managed with dose reductions. These events were filtered by the Sponsor because 
GI toxicity is reported in nearly all patients in the trial, and therefore may 
confound true effects of pancreatitis.  

3.2.5 Reproductive toxicity – Ceritinib is teratogenic at 10 and 50 mg/kg in rabbits 
and rats, respectively. Dose-related skeletal anomalies were seen in both species. 
The sponsor has proposed pregnancy category D, and FDA concurs with this 
category rating.8  

3.2.6 Deaths: Forty deaths were reported on treatment in Study X2101 at all doses, and 
were defined as deaths that occurred during treatment or within 28 days of the last 
dose of ceritinib. Two cases of fatal ILD/pneumonitis were reported in ceritinib 
trials. All other deaths reported were attributed to disease progression.  

 

The applicant plans to address all safety events in labeling, and therefore did not submit a 
REMS.  

4 PROPOSED POSTMARKETING STUDIES/REQUIREMENTS 

The following post-marketing requirements/commitments have been proposed: 

1. Evaluate the food effect and various doses on ceritinib. 
2. Complete a pharmacokinetic trial to determine the appropriate dose of ceritinib in 

patients with hepatic impairment. 
3. Conduct a clinical trial evaluating the effects of repeat doses of ceritinib on the 

single dose pharmacokinetics of midazolam (CYP3A4 substrate). 
4. Conduct a clinical trial evaluating the effects of repeat doses of ceritinib on the 

single dose pharmacokinetics of diclofenac (CYP2C9 substrate). 
5. Conduct a clinical trial to determine how to dose ceritinib with regard to gastric 

pH elevating agents (e.g., a proton-pump inhibitor, an H2-receptor antagonist, and 
an antacid). 

5 DISCUSSION 

Patients diagnosed with ALK-positive NSCLC represent a narrow population of patients 
who ultimately die as a result of their disease.  Despite advances in chemotherapy and 
targeted molecular pharmacotherapy, survival rates in this patient population are 

                                                 
8 FDA Midcycle Communication Presentation Slides, February 25th, 2014 
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suboptimal. Crizotinib is an oral ALK-inhibitor that received accelerated approval by the 
FDA in August 2011 for the treatment of patients with ALK-positive NSCLC. 
Unfortunately, patients invariably develop resistance to this drug within 1-2 years of 
therapy. Currently there are no other approved treatment options after patients have failed 
crizotinib. 

 
Ceritinib is a NME that is seeking an indication for the treatment of  
metastatic NSCLC in  patients. The safety and efficacy of 
ceritinib is based on results of Study X2101, a single-arm, open-label study in which 163 
NSCLC patients were heavily pretreated with prior chemotherapy and crizotinib. Fifty-
five percent of these patients achieved the primary endpoint of ORR per RECIST 1.0 
criteria. Secondary endpoints of DOR and PFS were approximately 8 months and 7 
months respectively. 

Gastrointestinal toxicity was associated with ceritinib therapy in 98% of patients, and 
managed by either holding the drug or reducing the dose. The applicant submitted a Risk 
Management Plan that addresses adverse events of special interest which include: 
hepatotoxicity, QT prolongation, and pneumonitis. Other safety topics included in the 
Risk Management Plan include bradycardia and hyperglycemia. Upon review of this 
application from the clinical team, pancreatitis was also noted to be a possible concern 
with ceritinib.  
 
The risks associated with ceritinib treatment are similar in crizotinib, as well as other 
antineoplastic agents in the tyrosine kinase inhibitor class. Major risks associated with 
ceritinib include hepatotoxicity, ILD/pneumonitis, and QT interval prolongation; and to a 
lesser extent bradycardia, hyperglycemia, and potentially pancreatitis.  Hepatotoxic 
events for crizotinib are associated to a some-what lesser extent compared to ceritinib. 
Fatal hepatotoxicity was reported in 2 of 1225 patients treated with crizotinib, 8 patients 
required permanent discontinuation due to elevated transaminases, and 7 patients (0.6%) 
had concurrent elevations in ALT greater than 3 times the upper limit of normal.9 This is 
lower than the 40% of patients reported for ceritinib. QT interval prolongation has also 
been reported with crizotinib. Clinical studies reported occurrence in 2.7%9 of patients 
which is similar to ceritinib. Other antineoplastic agents  such as nilotinib (Tasigna) and 
vandetanib (Capresla) which also have a risk of QT prolongation, required a REMS due 
to significant effect that the risks has on the intended patient population. Of note, the 
REMS for nilotinib was removed in May 2013.  As with ceritinib, fatal ILD/pneumonitis 
has also been reported in crizotinib trials; 6 cases in crizotinib trials9 and 1 case reported 
with ceritinib. Overall rates of ILD/pneumonitis rates are similar with both agents with 
2.5%9 in crizotinib patients and 4% in ceritinib patients. Both crizotinib  
and ceritinib are labeled as pregnancy category D. 
 
At this time, these events will be managed through labeling with ceritinib.  Crizotinib was 
approved in 2011 without a REMS, and all of the above risks are currently managed 
through labeling in the warnings and precautions section. There are no boxed warnings in 
the label for either drug.  

                                                 
9 XALKORI (crizotinib) Prescribing Information. Revised November 2013 
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Ceritinib will be primarily, if not exclusively, prescribed by oncologists who are familiar 
with the adverse events associated with ceritinib treatment and the management thereof.  
Furthermore, the efficacy seen in study X2101 provides a therapeutic option for ALK-
experienced NSCLC patients who have failed prior therapies. 
 

6 CONCLUSION 

Data presented for this application in this ALK-experienced patient population studied 
with advanced NSCLC, demonstrate that the benefits of ceritinib outweigh the risks at 
this time.  DRISK concurs with the Division of Oncology Products-2, that based on the 
available data and the potential benefits and risks of treatment, a REMS is not necessary 
for ceritinib.  Please keep DRISK informed if new safety information becomes available 
that would necessitate this benefit risk prolife to be re-evaluated. 
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