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Abstract: Rearrangements in ALK gene and EML4 gene were first described in 2007. This 

genomic aberration is found in about 2%–8% of non-small-cell lung cancer (NSCLC) patients. 

Crizotinib was the first ALK tyrosine kinase inhibitor licensed for the treatment of metastatic 

ALK-positive NSCLC based on a randomized Phase III trial. Despite the initial treatment 

response of crizotinib, disease progression inevitably develops after approximately 10 months of 

therapy. Different resistance mechanisms have recently been described. One relevant mechanism 

of resistance is the development of mutations in ALK. Novel ALK tyrosine kinase inhibitors 

have been developed to overcome these mutations. Ceritinib is an oral second-generation ALK 

inhibitor showing clinical activity not only in crizotinib-resistant ALK-positive NSCLC but also 

in treatment-naïve ALK-positive disease. In this paper, preclinical and clinical data of ceritinib 

are reviewed, and its role in the clinical setting is put into perspective.
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Introduction to the targeted treatment of ALK-
positive advanced non-small-cell lung cancer
Non-small-cell lung cancer (NSCLC) remains the leading cause of cancer-related deaths 

in the USA and European countries and claims more lives per year than all other major 

cancer types combined.1 Two-third of patients are diagnosed with incurable meta-

static disease in which the median overall survival (OS) with standard chemotherapy 

is approximately 12–14 months. In recent years, an improved understanding of the 

molecular and genetic background of lung cancers has changed treatment paradigms 

for these patients. With the detection of activating mutation in EGFR,2,3 rearrange-

ments of ALK with EML44 and others, a more personalized and targeted therapeutic 

approach is the standard of care for a subset of patients with lung adenocarcinoma. 

ALK is a transmembrane tyrosine kinase receptor that is expressed in neural tissue, 

the small intestine, and the testes, and plays a crucial role in the development of the 

central nervous system (CNS).5 The ALK receptor is activated after ligand binding 

to the extracellular receptor domain and dimerization.4 The EML4–ALK fusion gene 

arises from an inversion on the short arm of chromosome 2.4 Several variants of EML4–

ALK have been described that encode the same cytoplasmic tyrosine kinase domain 

of ALK with different truncations of EML4.6,7 Aberrant ALK activation leads to an 

activation of multiple downstream signaling pathways, primarily the PI3K/mTOR and 

RAS/RAF/MAPK cascade.8–10

The EML4–ALK rearrangement in patients with NSCLC is a relatively rare event, 

and it is present in approximately 2%–8% of NSCLC patients.4,7,11 It is most commonly 

seen in younger patients with adenocarcinoma histology with never- or light-smoking 
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history. ALK rearrangements and other oncogenic drivers, 

such as mutant EGFR and oncogenic RAS, are generally 

mutually exclusive, consistent with the notion that ALK rear-

rangement defines a unique molecular subset of NSCLC.12 

In patients with adenocarcinoma lacking EGFR and KRAS 

mutations, the prevalence of EML4–ALK translocation could 

be as high as 42.8%.13 In these patients, ALK rearrangements 

serve as a key and strong oncogenic driver for NSCLC and 

represent a critical therapeutic target susceptible to targeted 

ALK inhibition.4,14

The ALK tyrosine kinase inhibitor (ALK-TKI) crizotinib 

was the first targeted drug showing clinical activity in this 

patient population, with response rates similar to what has 

been seen in EGFR-mutant NSCLC with EGFR-TKIs.15 The 

PROFILE 1007 trial was the first randomized Phase III trial 

for ALK-positive patients.16 In total, 347 patients with ALK-

positive NSCLC previously treated with chemotherapy were 

randomized between crizotinib or chemotherapy (pemetrexed 

or docetaxel). The overall response rate (ORR) of crizotinib 

was 65% compared to 20% in the chemotherapy group. The 

primary end point of progression-free survival (PFS) was pro-

longed from 3 months with chemotherapy to 7.7 months for 

patients treated with crizotinib (hazard ratio [HR]: 0.49, 95% 

confidence interval [CI]: 0.37–0.64). The PROFILE 1014 

trial included 343 chemotherapy-naïve ALK-positive patients 

randomized to crizotinib or platinum-based chemotherapy.17 

PFS was significantly longer with crizotinib (10.9 vs 7 

months, HR: 0.45, 95% CI: 0.35–0.60). Based on these data, 

crizotinib has been approved in several countries including 

the USA, most European countries, and Switzerland and is the 

recommended first-line therapy for ALK-positive patients.18 

While crizotinib has impressive activity in patients with 

ALK-rearranged NSCLC, these cancers invariably progress, 

typically in less than 1 year, because of the development of 

resistance to crizotinib. Therefore, the development of ALK-

TKIs with clinical activity against ALK-positive NSCLC 

resistant to crizotinib is crucial. 

However, not all initially ALK-positive NSCLC remain 

dependent on the ALK signaling pathway in the situation 

of acquired resistance to crizotinib. Resistance develops 

through a variety of mechanisms. ALK-dependent mecha-

nisms include secondary mutation of ALK or EML4–ALK 

gene amplification. In a first report on acquired resistance, 

two de novo point mutations in EML4–ALK (L1196M and 

C1156Y) have been described.19 The L1196M mutation 

added a new bulky residue in the ATP-binding domain, 

sterically hindering TKI binding, thus, acting as a gatekeeper 

mutation, similar to the T790M mutation in EGFR-mutant 

NSCLC. Recently, several other secondary mutations have 

been described.20,21 Some patients were shown to have ALK 

gene copy number gain.22 However, there exist also ALK-

independent resistance mechanisms, mainly including the 

activation of bypassing signaling pathways. Some patients 

loose ALK positivity by FISH (fluorescence in situ hybridiza-

tion), and may exhibit increased EGFR signaling or activa-

tion of KRAS.22 Another study also showed the activation 

of KIT.23 In some patients, resistance to crizotinib remained 

unexplained.22,23

Preclinical data, pharmacokinetics, 
and pharmacodynamics
Ceritinib (5-Chloro-N2-[2-isopropoxy-5-methyl-4-(4-

piperidinyl) phenyl]-N4-[2-(isopropylsulfonyl) phenyl]-2,4-

pyrimidinediamine) is an ATP-competitive TKI with a high 

selectivity for the ALK tyrosine kinase domain.24 Ceritinib 

has shown higher potency in inhibiting ALK than crizotinib 

in vitro and in animal experiments.25 The higher enzymatic 

inhibitory potency of ceritinib is explained by differences in 

the chemical structure compared to crizotinib. Mainly, the 

chlorine in the fifth position of the pyrimidine ring enhances 

interactions of ceritinib with the mutant residues at the 

gatekeeper position of the ALK kinase domain.25 Moreover, 

ceritinib possesses an isopropyl group that interacts with 

mutant ALK as well as a sulfonyl group interacting with 

the K1150 amino acid of ALK.26 In preclinical experiments, 

ceritinib exhibited more potent activity than crizotinib in 

terms of ALK phosphorylation suppression and cell growth 

inhibition.25 The half-maximal inhibitory concentration 

(IC
50

) of ceritinib is approximately 150 pmol/L, which 

is 20-fold lower than that of crizotinib.25 In addition to 

ALK, ceritinib also inhibits other tyrosine kinase receptors, 

including the IGF1 and insulin receptors.27,28 Furthermore, 

ceritinib has shown activity toward the two most common 

EML4–ALK resistance mutations under crizotinib, L1196M 

and G1269A.25 Moreover, ceritinib has also shown activity 

against ALK-positive lung cancer cells derived from patients 

progressing under alectinib, another second-generation ALK-

TKI.29 However, C1156Y, G1202R, 1151T-ins, L1152R, 

and F1174C secondary ALK mutations were associated 

with resistance to ceritinib.25 In patient-derived models of 

acquired ceritinib resistance, activation of the MEK and the 

SRC signaling pathway have been identified as potential 

resistance mechanisms.27,30

Ceritinib is taken orally once daily. Ceritinib is slowly 

absorbed, with median peak plasma concentration occurring 

at approximately 4–6 hours in patients and at approximately 
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6–8 hours in healthy subjects. Following peak concentration 

in the plasma (C
max

), ceritinib concentrations declined in a 

monoexponential manner. The geometric mean, apparent 

terminal half-life ranged from 31 to 41 hours across the 

400–750 mg dose groups in patients, and from 36 to 48 hours 

across the 450–750 mg dose groups in healthy subjects. 

Ceritinib is highly bound to plasma protein (.94%) in all 

species. CYP3A4/5 is the major hepatic enzyme metabo-

lizing ceritinib in a human in vitro system. Ceritinib is 

likely a P-gp, but not BCRP or MRP2 substrate. It does 

not inhibit P-gp, BCRP, or MRP2 up to a concentration of 

1.5 μM in vitro.

A food effect study conducted in healthy subjects showed 

that, following a single 500 mg oral dose of ceritinib, the 

bioavailability of ceritinib is increased when the dose is 

given with a meal.31 Compared to the fasted condition, a 

low-fat meal (containing approximately 330 calories and 

9 g of fat) increased C
max

 and area under the curve by 43% 

and 58%, respectively, whereas a high-fat meal (containing 

approximately 1,000 calories and 58 g of fat) increased C
max

 

and area under the curve by 41% and 73%, respectively. In an 

ongoing open-label, multicenter, randomized, parallel design 

Phase I study, the systemic exposure and safety of ceritinib 

administered at 450 or 600 mg with a daily low-fat meal vs 

750 mg daily in the fasted state will be determined following 

multiple oral daily dosing in patients with metastatic ALK-

positive NSCLC. The primary objective of this study is to 

assess the steady-state pharmacokinetics of 450 or 600 mg 

ceritinib taken with a low-fat meal as compared with that 

of 750 mg ceritinib taken in the fasted state in patients with 

metastatic ALK-positive NSCLC. Secondary objectives 

will be to assess the safety and efficacy of ceritinib when 

administered at 450 or 600 mg with a daily low-fat meal or 

750 mg daily in the fasted state.

Clinical data
In the ASCEND-1 trial, 59 patients with solid tumors carry-

ing genetic alterations in ALK were treated with ceritinib.32 

The dose was escalated from 50 to 750 mg given orally once 

daily. The maximum tolerated dose was 750 mg once daily. 

From this Phase I trial, efficacy data were reported from 

114 patients being treated with at least 400 mg ceritinib per 

day.32 The ORR in this heavily pretreated patient population 

was 58% (95% CI: 48–67), with a median PFS of 7 months 

(95% CI: 5.6–9.5) and a survival rate of 65% after 1 year. 

About two-third of the study population was pretreated with 

crizotinib (n=80). In this subset of patients, ORR was almost 

identical to the whole population, at 56% (95% CI: 45–67). 

However, median PFS was substantially longer in crizotinib-

naïve patients than in crizotinib-pretreated patients (10.4 

vs 6.9 months). Interestingly, responses were reported in 

patients with untreated brain metastases occurring during 

crizotinib therapy. PFS for patients with brain metastases 

was not different (6.9 vs 7 months, P=0.37). In summary, 

this Phase I trial with an expansion cohort was able to show 

promising efficacy data of ceritinib in ALK-positive lung 

adenocarcinoma. Based on these results, the US Food and 

Drug Administration granted accelerated approval to ceritinib 

in April 2014.

An update of the expansion cohort of the ASCEND-1 trial 

with 246 ALK-positive NSCLC patients has been reported at 

the European Society for Medical Oncology (ESMO) con-

ference 2014.33 Of these patients, 163 were pretreated with 

crizotinib and 5 of them have also been treated with alectinib. 

Median age of the cohort was 53 years, with a predominance 

(53.7%) of female patients and never- or ex-smokers (97.6%). 

Approximately, one-fourth of patients were pretreated with 

one, two, or more than three treatment lines. ORR was 61.8% 

(95% CI: 55.4–67.9) in the whole population and 56.4% (95% 

CI: 48.5–64.2) in crizotinib-pretreated patients. Median PFS 

was 9 months (95% CI: 6.9–11.0). In patients previously 

treated with another ALK-TKI, median PFS was 6.9 months 

(95% CI: 5.6–8.7), whereas it was 18.4 months (95% CI: 11.1 

to not estimable) in ALK-TKI-naïve patients.

ASCEND-2 was a single-arm, open-label, multicenter 

Phase II study for patients with ALK-positive NSCLC previ-

ously treated with one to three prior lines of chemotherapy, 

of which one must have been a platinum-based regimen 

and crizotinib.34 As in the other ceritinib trial, patients with 

asymptomatic or neurologically stable brain metastases were 

eligible. This trial included 140 patients, the majority pre-

sented with brain metastases at study entry (71.4%), of whom 

72% had received prior brain radiation. In total, 22.1% of 

patients received more than one line of prior chemotherapy. 

Median duration of ceritinib therapy was 8.8 months. The 

ORR by investigator review was 84.9% (95% CI: 30.5–47.2), 

75.2% of patients had a decrease in tumor burden from 

baseline. Median PFS was 5.7 months (95% CI: 5.4–7.6), and 

median OS was 14.9 months (95% CI: 13.5 to not reached). 

At data cutoff, 72 patients were still alive, therefore final 

survival analysis is pending.

In the ASCEND-3 trial, 124 patients with ALK-positive 

NSCLC who had not received prior treatment with an ALK-

TKI were included.35 Almost all patients (98.4%) have 

received at least one prior chemotherapy treatment. Patient 

with asymptomatic or neurologically stable brain metastases 
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were eligible to enroll. ASCEND-3 was a single-arm, open-

label, Simon’s two-stage Phase II study with ORR based on 

Response Evaluation Criteria in Solid Tumors36 as the pri-

mary end point. Patients were treated with ceritinib 750 mg 

daily. The majority of patients were Asian (59.7%). A total 

of 50 (40.3%) patients presented with brain metastases at 

study entry, of whom 27 (54.0%) patients had received prior 

brain radiation. One-fourth of patients were pretreated with 

three or more lines of chemotherapy. The median duration of 

ceritinib exposure was 8 months, with an ORR by investigator 

review of 63.7% (95% CI: 54.6–72.2). Almost all patients 

(93.9%) had a decrease in tumor burden from baseline. 

Responses were durable, with a median duration of response 

of 9.3 months (95% CI: 9.1 to not reached due to ongoing 

responses at the time of analysis) and a median PFS of 11.1 

months (95% CI: 9.3 to not reached). The median OS has 

not been reached at the time of data cutoff (median duration 

of follow-up 8.3 months). OS after 1 year was estimated to 

be 81.5% (95% CI: 64.8–90.8).

Brain metastases
Involvement of the CNS in NSCLC is frequent. The reported 

lifetime incidence of CNS metastases in ALK-positive 

NSCLC is approximately 35%–50%.37 CNS is the most com-

mon site of disease progression on crizotinib in patients with 

and without CNS metastases at baseline. Crizotinib shows 

comparable disease control rates for brain metastases and 

extracranial disease. However, the progression of preexisting 

or development of new intracranial lesions while receiving 

therapy was a common manifestation of acquired resistance 

to crizotinib.38 In the ASCEND-2 trial of 20 patients with 

an active target lesion in the brain at baseline, 45% (95% 

CI: 23.1–68.5) showed intracranial response and 80% (95% 

CI: 56.3–94.3) showed intracranial disease stabilization 

with ceritinib.34 In the ASCEND-3 trial, ten patients had 

investigator-assessed brain lesions selected as active target 

lesions at baseline.35 The response rate in the brain was 20.0% 

(95% CI: 2.5–55.6), with an intracerebral disease control rate 

of 80.0% (95% CI: 44.4–97.5).

Quality of life
The ASCEND-2 trial included evaluation of quality of life 

(QOL) with different questionnaires (QLQ-C30, LC-13, and 

LCSS).34 Global QOL score (QLQ-C30) was maintained dur-

ing treatment, whereas symptom burden was improved with 

ceritinib.

In the ASCEND-3 trial, 82.1% of patients showed 

improvements in symptom burden from baseline when 

treated with ceritinib.35 Global QOL score assessed by 

QLQ-C30 was maintained on treatment. However, patients 

initially showed worsening score at cycle 2, with improve-

ment at later cycles. Therefore, it can be hypothesized 

that only patients responding to therapy and being treated 

for a longer time experience a benefit regarding QOL. In 

QOL assessment, mainly gastrointestinal (GI) problems 

(diarrhea, nausea, and vomiting) accounted for worsening 

rating of QOL.

Safety and tolerability of ceritinib
Ceritinib is associated with a manageable safety profile. The 

most common adverse events (AEs), regardless of study 

drug relationship (incidence $25%), were diarrhea, nausea, 

vomiting, ALT increase, fatigue, abdominal pain, decreased 

appetite, AST increase, and constipation.31 Incidence of 

Grade 3 and 4 AEs, regardless of study drug relationship, 

was ,5% for all AEs except ALT increase (26.7%), AST 

increase (8.2%), diarrhea (5.9%), hyperglycemia (5.5%), 

lipase increase (5.1%), and blood alkaline phosphatase 

increase (5.1%).31 In daily clinical practice, the high rate of 

GI toxicity (nausea, vomiting, and diarrhea, being the most 

common AEs) is of major concern, as it negatively impacts 

patients QOL and may interfere with drug absorption.

In the Phase I trial, 59 patients have been included in the 

dose-finding cohort.32 The dose of 750 mg taken once daily 

orally was defined as the maximum tolerated dose. Dose-

limiting toxicities that have been reported were diarrhea, 

vomiting, nausea, dehydration, elevated ALT, and hypophos-

phatemia. All dose-limiting toxicities resolved after treatment 

discontinuation. The same trial recruited a further 71 patients 

treated with 750 mg in an expansion cohort. The most fre-

quently reported side effects were nausea (82%), diarrhea 

(75%), vomiting (65%), fatigue (47%), and increased ALT 

levels (35%). The rate of Grades 3 and 4 AEs was generally 

low, with transaminases elevation (21%) and diarrhea (7%) 

occurring most often. The rate of patients discontinuing 

treatment or reducing the dose of ceritinib was 6% and 51%, 

respectively. Four patients were diagnosed with interstitial 

lung disease possibly related to therapy. All patients fully 

recovered after treatment discontinuation.

In the ASCEND-1 trial, median relative dose intensity 

was 82.8% (range: 30.2–100) for ALK-positive NSCLC 

patients treated at the 750 mg daily dose.33 In total, 75.2% of 

patients had at least one dose interruption, while 61.8% had 

one dose reduction. Furthermore, 19.2% and 6.7% of patients 

had two or three dose reductions, respectively. Incidence 

and type of AEs were comparable to previously reported 

safety results. Serious AEs (SAEs) were reported in 47.5% 

of patients, and 12.5% patients had a SAEs suspected to be 
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drug-related. Again, the most common AEs were GI related 

(nausea, vomiting, and diarrhea).

Results from the early trial were confirmed in Phase II 

trials. In ASCEND-2 trial, most common AEs were nausea 

(81.4%), diarrhea (80.0%), and vomiting (62.9%).34 In this 

trial, 41.4% of patients required dose adjustment or inter-

ruption. The ASCEND-3 trial showed similar findings 

with GI-related AEs reported most commonly: diarrhea 

(82.3%), nausea (74.2%), and vomiting (66.9%). SAEs 

suspected to be study drug related were reported in ten 

(8.1%) patients. Pericarditis was the only SAE suspected 

to be study drug related that was reported in three (2.4%) 

patients. A total of 90 (72.6%) patients required dose adjust-

ment or interruption.

Based on these data, ceritinib seems to have a higher 

toxicity than crizotinib, and a substantial number of patients 

need dose reductions in the course of treatment. Table 1 sum-

marizes the most common AEs of ceritinib and crizotinib 

from the package inserts.

Conclusion, place in therapy
The current standard of care for ALK-positive patients in the 

first-line setting is crizotinib, based on the results of the PRO-

FILE 1014 trial.17 Ceritinib is approved for ALK-positive 

adenocarcinoma patients progressing on crizotinib. Ceritinib 

shows substantial activity in patients with brain metastases, 

a frequent site of disease progression in ALK-positive 

NSCLC.39 The occurrence of CNS relapse is one of the main 

concerns in ALK-positive patients treated with crizotinib. 

Therefore, ceritinib seems to be an active drug in patients 

progressing on crizotinib.34 Furthermore, ceritinib might 

be a valuable option in ALK-positive patients with brain 

metastases irrespective of previous therapies. On the other 

hand, ceritinib also shows high activity in ALK-TKI-naïve 

patients, with a median PFS of 11.1 months.35 The ques-

tion of the optimal sequence of different ALK-TKIs cannot 

be answered at the moment as there are no head-to-head 

comparisons. Currently, the only prospective randomized 

trial comparing two different ALK-TKIs is the ALEX trial 

investigating crizotinib and alectinib in the first-line setting 

(NCT02075840). The trial has finished recruitment at the 

end of 2015, and results are eagerly awaited. A similar trial 

in a Japanese population (J-ALEX, JapicCTI-132316) was 

stopped early after a recommendation of the independent 

data monitoring committee as the study met its primary 

endpoint. The study showed that patients lived significantly 

longer when treated with alectinib compared to crizotinib.40 

Alectinib is a more selective and potent ALK inhibitor than 

crizotinib. Preclinical studies have demonstrated activity 

against the crizotinib-resistant ALK mutations L1196M, 

C1156Y, and F1174L.41 Other ALK inhibitors investigated 

in clinical trials include lorlatinib (PF-06463922), AP26113, 

ASP3026, TSR-011, and others. Lorlatinib for example is 

a highly potent, selective inhibitor of ALK and ROS1 with 

strong activity against all known ALK and ROS1 resistance 

mutations identified so far, including the highly resistant 

G1202R. There are several ongoing clinical trials with ceri-

tinib. In two randomized Phase III trials, ceritinib is tested in 

comparison to platinum and pemetrexed in treatment-naïve 

ALK-positive NSCLC (NCT01828099) and in comparison 

to docetaxel in previously treated patients (NCT01828112). 

Furthermore, ongoing trials investigate ceritinib in combina-

tion with the anti-PD-1 inhibitor nivolumab (NCT02393625) 

and with the mTOR inhibitor everolimus (NCT02321501).

In conclusion, ceritinib is a highly active ALK-TKI that 

has its place in the treatment landscape of ALK-positive lung 

cancer patients. However, the optimal treatment sequence for 

these patients has not yet been defined. As ceritinib exhibits a 

substantial toxicity with mainly GI-related AEs, the question 

of optimal dosing and application to improve patients QOL 

while on treatment has to be critically evaluated.
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