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Abstract

Background—Nilotinib inhibits the tyrosine kinase activity of ABL1/BCR-ABL1, as well as 

KIT, platelet-derived growth factor receptors (PDGFRs), and the discoidin domain receptor. Gain-

of-function mutations in KIT or PDGFRα are key drivers in most gastrointestinal stromal tumours 

(GISTs). This trial was designed to test the efficacy and safety of nilotinib vs imatinib as first-line 

therapy for patients with advanced GISTs.

Methods—This randomised, open-label, multicentre phase 3 trial included 647 adult patients 

with previously untreated, histologically confirmed, metastatic and/or unresectable GISTs. 

Patients were stratified by prior adjuvant therapy and randomised in a 1:1 ratio to receive oral 

imatinib 400 mg once daily or oral nilotinib 400 mg twice daily. Centrally reviewed progression-

free survival (PFS) was the primary endpoint. Response rates, toxicity, and overall survival were 

also analysed for the overall population and for mutation-defined subsets. Efficacy endpoints used 

the intention to treat principle. Here, the final results are reported. This trial is registered with 

ClinicalTrials.gov, number NCT00785785.

Findings—Because the futility boundary was crossed at a preplanned interim analysis, trial 

accrual terminated in April 2011. At final analysis of the core study (data cutoff, October 2012), 

PFS was higher with imatinib overall (hazard ratio [HR] 1.47) and in the KIT exon 9 subgroup 

(HR 32.46) but roughly similar between arms in the KIT exon 11 subgroup (HR 1.12). Sensitivity 

analyses suggested that informative censoring may have contributed, because of the high 

proportion of premature nilotinib progressions declared by local investigators and the design 

changes implemented following the interim analysis, potentially biasing PFS data in favour of the 

nilotinib arm. The most common adverse events were nausea, diarrhoea, and peripheral oedema in 

the imatinib arm and rash, nausea, and abdominal pain in the nilotinib arm. The most common 

serious adverse event in both arms was abdominal pain (imatinib, n=11 [3.5%]); nilotinib, n= 14 

[4.4%]).

Interpretation—Our results suggest that nilotinib is not an optimal treatment approach for first-

line GIST; however, future studies may identify patient subsets form whom first-line nilotinib 

could be of clinical benefit.

Funding—Novartis Pharmaceuticals.

Introduction

Gastrointestinal stromal tumours (GISTs) are a family of genotypically distinct 

malignancies, primarily driven by gain-of-function mutations in KIT or platelet-derived 
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growth factor receptor-alpha (PDGFRα).1 Imatinib is a tyrosine kinase inhibitor (TKI) that 

inhibits the tyrosine kinase activity of ABL1/BCR-ABL1, KIT, PDGFRα and -β, the 

colony-stimulating factor-1 receptor (CSF-1R), and the discoidin domain receptors (DDR-1 

and -2).2 Worldwide, imatinib is the standard first-line therapy for patients with metastatic 

and/or unresectable GISTs; median progression-free survival (PFS) is 18 to 29 months and a 

median overall survival (OS) is 55 to 76 months (compared with OS of 9-19 months in the 

pre-imatinib era).3–9 Although sunitinib and regorafenib are available following failure of 

imatinib,3–9 disease progression remains a major issue and a cause of death.10

Most GISTs (75%) harbour KIT mutations (exon 11, 65%; exon 9, 8%).1 GISTs with 

PDGFRα mutations and those without KIT or PDGFRα mutations (misnamed “wild-type” 

GISTs, generally exhibiting SDH(x), NF1, or BRAF gene mutations) occur less often (10% 

and 15%, respectively, in series of metastatic GIST).1 KIT exon 11 mutations are associated 

with the most favourable initial responses to imatinib; wild-type and KIT exon 9 mutations 

are associated with a higher rate of rapid imatinib failure due to resistance. 1,11,12 Acquired 

resistance to imatinib is most commonly caused by secondary KIT mutations in other exons, 

selected during TKI therapy.1,11,13,14

Nilotinib is a selective TKI targeting ABL1/BCR-ABL1, KIT, PDGFRα and –β, and DDR-1 

and -2; it has potency similar to that of imatinib against KIT and PDGFRs.2,12,15 In vitro, 

nilotinib also exhibits activity against certain imatinib-resistant KIT mutations.12 Nilotinib 

has been evaluated in patients with advanced GISTs following failure of previous therapies, 

but first-line nilotinib therapy has not been studied in a controlled clinical trial.16–18 To test 

whether nilotinib might confer superior outcomes when used earlier in the course of disease, 

this trial evaluated the efficacy and safety of nilotinib vs imatinib as first-line therapy for 

advanced GISTs. We report the final analysis of the core study as well as a subgroup 

analysis of efficacy outcomes based on KIT mutation subsets.

Methods

Patients

Patients were aged ≥18 years, had a histologically confirmed unresectable or metastatic 

GIST, and had received no prior systemic therapy for GIST or had experienced a recurrence 

of GIST ≥6 months after stopping adjuvant treatment with imatinib. In addition, patients had 

at least one measurable site of disease on computed tomography/magnetic resonance 

imaging, as defined by Response Evaluation Criteria In Solid Tumors based on investigator 

assessment, a World Health Organization performance score of 0 to 2 (capable of self-care, 

but not any work), and normal organ, electrolyte, and marrow function. Active non-GIST 

malignancy within 10 years (except basal cell skin cancer and cervical carcinoma in situ) 

was not permitted. Patients could not have impaired cardiac function (eg, QTcF >450 msec, 

left ventricular ejection fraction <45%, complete left bundle branch block, clinically 

significant bradycardia [<50 beats per minute], history of myocardial function or unstable 

angina within 12 months). Bleeding disorders unrelated to cancer and known symptomatic 

brain metastases were not allowed. Predicted survival was not an eligibility criterion; 

however, prior studies demonstrated a median OS of 55 months in a similar patient 

population.6 An independent data monitoring committee (IDMC) evaluated the preplanned 
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interim analyses. The study done in accordance with the Declaration of Helsinki and 

guidelines on Good Clinical Practice and was approved by ethics committees at each centre, 

and all patients provided written informed consent prior to any study-specific procedures 

defined in the protocol.

Procedures

In this randomised, open-label, multicentre, two-arm, phase 3 study (figure 1; 

NCT00785785), eligible patients received oral nilotinib hydrochloride monohydrate 

(AMN107; Novartis Pharmaceuticals; East Hanover, NJ, USA) 400 mg twice daily or oral 

imatinib mesylate (STI571; Novartis Pharmaceuticals; East Hanover, NJ, USA) 400 mg 

once daily. In the imatinib arm, 400 mg twice daily was recommended for patients with a 

KIT exon 9 mutation. The original study design consisted of two periods: (1) a core study 

period lasting from the day of randomisation until disease progression (defined by Response 

Evaluation Criteria in Solid Tumors [RECIST] v1.0),19 death, unacceptable toxicity, 

withdrawal of consent, or discontinuation from the study for any other reason and (2) an 

optional extension period allowing patients with disease progression (per RECIST) in the 

core study to cross over to the other arm of the study and receive the alternative treatment.

During a planned interim PFS analysis (data cutoff of November 2010), the futility 

boundary (1.111) was crossed and trends favoured imatinib. The PFS hazard ratio (HR) for 

nilotinib vs imatinib was 2.032, suggesting that nilotinib was unlikely to be found superior 

to imatinib. Thus, per IDMC recommendation, accrual was stopped in April 2011 and the 

protocol was further amended to allow nilotinib patients to switch to imatinib, even without 

disease progression. Patients in the nilotinib arm could continue nilotinib treatment in cases 

of investigator-determined benefit, unless individual health authorities required all nilotinib 

patients to be switched to imatinib. Patients who progressed while in the imatinib arm were 

no longer allowed to switch to nilotinib after the protocol amendment. All patients who 

experienced disease progression in the extension study entered the survival follow-up (if 

patient consented) until closure of the extension. After the extension study closes, patients 

still receiving benefit on nilotinib might be eligible to enrol in a separate study to maintain 

nilotinib treatment (figure A1).

Disease was evaluated by standard imaging (chest, abdomen, and pelvis computed 

tomography [CT] or magnetic resonance imaging [MRI]) at baseline and every 3 months 

until disease progression. CT/MRI scans in the core study were evaluated both locally and 

centrally. Clinical decisions were made based on local review. Adjudications were 

performed by an independent radiologist in cases of discordance between local and central 

reads regarding dates of disease progression. Adjudicated central review data were used for 

analyses in this paper unless otherwise stated.

Tumour genotype (ie, mutations in KIT and PDGFRα) was examined both centrally and 

locally using archival tumour tissue samples obtained at diagnosis. Centrally assessed 

genotype data were used for mutation analyses. PFS, OS, and tumour response of nilotinib 

vs imatinib were compared according to mutation status: KIT exon 9, KIT exon 11, or 

PDGFRα; mutations other than these three types; or no detectable mutations in KIT or 

PDGFRα.
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Laboratory values (ie, haematology and blood chemistry) were monitored monthly. Safety 

assessments consisted of evaluating adverse events (AEs) according to the National Cancer 

Institute Common Terminology Criteria for Adverse Events v3.0, and regular monitoring of 

laboratory tests, vital signs, and cardiac (echocardiograms and electrocardiogram) 

assessments.

Dose modifications were allowed in the case of haematologic or nonhaematologic toxicity. 

In general, study drug was withheld until AEs resolved to grade 1 or better. Then, patients 

who recovered within 14 days resumed normal doses and patients who recovered within 

15-28 days received a reduced dose (300 mg once daily in the nilotinib arm; 300 mg once 

daily for patients in the imatinib arm receiving 400 mg once daily; 600 mg once daily for 

patients in the imatinib arm receiving 400 mg twice daily). Patients who did not recover to 

grade 1 or better within 28 days discontinued the study, recurred with the same toxicity upon 

reinitiating treatment, or experienced grade 3/4 pancreatitis discontinued the study. For 

additional details, please see table A1.

Randomisation and masking

In this open-label trial, patients were randomised 1:1 to receive either nilotinib or imatinib. 

A patient randomization list, stratified by prior adjuvant imatinib therapy, was generated 

using a validated interactive voice response system to automatically assign patient numbers 

to the treatment groups; these treatment groups were linked to medication numbers. A 

separate medication list was generated under the responsibility of the study sponsor using a 

validated automated system to randomly assign medication numbers to medication packs 

containing each of the study drugs. The randomization scheme for patients was reviewed 

and approved by a member of the Biostatistics Quality Assurance Group. Because this was 

an open-label trial, blinding was not applicable, but measures were taken to minimize 

potential bias. Access to randomization information was limited to employees and 

designated agents of the study sponsor. The clinical team and statisticians were masked 

when possible to minimise bias, particular for all dosing information. Independent central 

reviewers were also blinded. Treatment allocation data were masked until accrual ended in 

April 2011.

Outcomes

The primary endpoint was PFS—defined as disease progression (per adjudicated review) or 

death. Secondary endpoints included OS, overall response rate (ORR), disease control rate, 

safety, and tolerability. The relationship between tumour response and GIST genotype was 

evaluated as an exploratory objective.

Statistical analyses

The original planned target enrolment was 736 patients, calculated based on testing the 

assumption of superiority of nilotinib vs imatinib (HR 0.71; median PFS 28 vs 20 months, 

respectively). With this sample size, the study had 90% power to detect superiority with 

one-sided type I error of 2.5%. There were 2 planned interim analyses (1 for futility, when 

75 PFS events occurred and 1 for superiority when 225 PFS events occurred), with final 

analysis after 375 PFS events. Because accrual ended early following the first interim 
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analysis for futility, only 644 patients were included in the final analysis of the core study. 

With a data cutoff of October 17, 2012 (the last patient's last core study visit), the final 

analysis includes data from the period following the interim analysis, when the study design 

was changed to allow patients to switch from nilotinib to imatinib even without disease 

progression.

The full-analysis set, used for all efficacy assessments, included all randomized patients per 

the assigned treatment at randomization. The safety set, used for safety assessments, 

included all patients who received at least one dose of study medication, based on the 

treatment actually received. All assessments followed the intent-to-treat principle. For most 

endpoints, only data from the core study were analysed; however, the OS analysis included 

data from the extension study. Patients were considered non-assessable (or unknown 

response) per RECIST criteria for evaluating target and non-target lesions. 19 PFS and OS 

data are presented using Kaplan-Meier curves. The HRs with 95% CIs were estimated from 

a Cox regression model stratified by randomisation strata. Following the interim analysis, no 

further tests for superiority could be performed; therefore, P values are not presented. The 

same methods were used in the exploratory analysis of patients with centrally evaluable data 

on GIST mutational subtypes. No formal check for the proportional hazards assumption was 

performed because both the interim and follow-up analyses clearly indicated the 

nonsuperiority of nilotinib, and checking the assumptions would not affect this conclusion. 

SAS version 9.3 software was used to perform statistical analyses.

Informative censoring is censoring that is not independent of the patient's disease state.20 In 

this study, there were two potential causes for informative censoring. First, informative 

censoring can occur in open-label trials that use central review to evaluate PFS; patients 

with PFS events by local evaluation (leading to withdrawal or crossover) may not be 

considered progressors when later assessed by central review.21,22 That is, these patients 

would be censored in centrally reviewed PFS analyses, potentially overestimating PFS in 

one study arm. Thus, sensitivity analyses based on different tumour response review sources 

(local, central, or adjudicated central) were performed overall and for the mutation 

subgroups. Second, the study amendment after the interim analysis (allowing patients to 

switch to imatinib even without experiencing progression) could result in overestimation of 

the PFS rates for nilotinib. Thus, sensitivity analyses of PFS ignoring response data after the 

interim analysis were performed. This study is registered with ClinicalTrials.gov, number 

NCT00785785.

Role of the funding source

This study and manuscript were supported by Novartis Pharmaceuticals Corporation. The 

study sponsor designed the study, managed the clinical trial database, provided statistical 

analysis, and funded medical editorial assistance.
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Results

Interim analysis results

The interim futility analysis was based on 397 evaluable patients. The results showed that 

more progression events occurred in the nilotinib arm than in the imatinib arm (48/196 and 

28/201, respectively); the HR was 2.032 (95% CI 1.273–3.243). More deaths occurred in the 

nilotinib arm than in the imatinib arm (17/196 and 7/201, respectively); the HR was 2.66 

(95% CI 1.1103–6.416), in favour of the imatinib arm. Based on these results, trial accrual 

was terminated early and the protocol was amended to close the study.

Patient disposition and baseline characteristics

Because accrual stopped early, 647 patients were enrolled in the study between March 16, 

2009, and April 21, 2011. Three patients who provided consent using an incorrect consent 

form were excluded from all analyses; seven patients did not receive any study drug and 

were excluded from safety analyses (figure 1). As of October 17, 2012 (median 28.0 months 

since randomisation; interquartile range, 23.1-33.1 months), all patients had discontinued 

core treatment. By then, 351 patients (imatinib, n=143; nilotinib, n=208) entered the 

extension study and 293 patients (imatinib, n=177; nilotinib, n=116) discontinued core 

treatment and did not enter the extension study. The most frequently reported reasons for 

core study discontinuation in both arms were core study closure, disease progression, and 

AEs (figure 1).

Baseline characteristics were similar between the two treatment arms (table 1). The most 

common primary sites of GIST were the stomach and small intestine. Most patients had 

metastases in the liver and/or abdomen. In the imatinib and nilotinib arms, 201/320 (62.8%) 

and 216/324 (66.7%) of patients, respectively, received a gross resection of their primary 

tumour. The primary tumour was at least 5 cm in diameter in 163/320 (50.9%) and 183/324 

(56.5%) in the imatinib and nilotinib arms, respectively. Overall, 401 of 644 patients 

(62.3%) had centrally evaluable KIT and PDGFRα mutational data. The frequencies of KIT 

and PDGFRα mutations were consistent with previous results1; KIT exon 11 was the most 

common mutation (imatinib, 141/320 [69.1%]; nilotinib, 125/324 [63.5%]).

PFS and OS

Final analysis of the full population showed substantially fewer PFS events in the imatinib 

(88 events; n=320) than in the nilotinib (107 events; n=324) arm. PFS at 24 months was 

higher in the imatinib (59.2% [95% CI 50.9%–66.5%]) than in the nilotinib (51.6% [95% CI 

43.0%–59.5%]) arm; HR 1.466 (95% CI 1.104–1.945; figure 2A). Fewer OS events 

occurred in the imatinib (32 deaths; n=320) than in the nilotinib (56 deaths; n=324) arm. The 

24-month OS rates were 90.0% (95% CI 85.9%–93.0%) in the imatinib arm and 81.8% 

(95% CI 76.6%–86.0%) in the nilotinib arm (HR 1.850 [95% CI 1.198–2.857]; figure 3A).

Consistent with prior studies, PFS differed according to GIST mutation subtypes (table A2). 

In the KIT exon 9 subgroup, 24-month PFS rates were higher in the imatinib arm than in the 

nilotinib arm (imatinib [n=26], 67.1%; nilotinib [n=24], nonestimable [all patients had a PFS 

event or censoring within 6 months]; HR 32.456 [95% CI 7.113–148.088]; figure 2B). In the 
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KIT exon 11 subgroup, 24-month PFS rates were roughly similar in the imatinib and 

nilotinib arms (imatinib [n=141], 67.5%; nilotinib [n=125], 69.6%; HR 1.120 [95% CI 

0.683–1.836]; figure 2C).

OS at 24 months was better with imatinib than with nilotinib in patients with KIT exon 9 

mutations (imatinib [n=26], 83.5%; nilotinib [n=24], 67.2%; HR 2.183 [95% CI 0.690–

6.905]; figure 3B) and KIT exon 11 mutations (imatinib [n=141], 96.2%; nilotinib [n=125], 

87.5%; HR 2.997 [95% CI 1.161–7.737]; figure 3C). These rates were also higher with 

imatinib than with nilotinib for patients with wild-type KIT and PDGFRα (imatinib [n=16], 

73.9%; nilotinib [n=13], 50.8%; HR 1.864 [95% CI 0.561–6.194]; table A2). For patients 

with other mutations, OS rates were comparable in both arms (imatinib [n=4], 75.0%; 

nilotinib [n=9], 77.8%; HR 1.463 [95% CI 0.131–16.381]).

Sensitivity analyses of PFS to assess impact of informative censoring

The size of the treatment effect estimate for PFS on the full population differed somewhat 

depending on the data source. In the final analysis of the overall population, HRs (95% CI) 

for nilotinib vs imatinib using local, central, and adjudicated reviews were 1.621 

(1.241-2.116), 1.248 (0.918-1.697), and 1.466 (1.104-1.945), respectively (table 2). Local 

reviewers declared PFS events earlier than central reviewers in the nilotinib arm; this effect 

was not observed in the imatinib arm (figure 4). Better results were observed consistently in 

the imatinib arm across all three review methods. Similarly, in the KIT exon 9 subgroup, the 

PFS results for the imatinib group were much better using any of the three review methods; 

HRs (95% CI) were 40.921 (5.190-322.661), 31.026 (6.805-141.453), and 32.456 

(7.113-148.088), respectively. In contrast, there were large differences in the PFS treatment 

effect estimate in the KIT exon 11 group using the three review methods; HRs (95% CI) 

were 1.479 (0.924-2.368), 0.649 (0.388-1.087), and 1.120 (0.683-1.836), respectively.

When ignoring data generated after the interim analysis (ie, censoring at April 2011), 

although the differences between review sources remained, an even higher PFS difference 

was observed in favour of imatinib for the overall population (table 2). Notably, the 

treatment effect in the KIT exon 11 subgroup was higher according to local, central, and 

adjudicated reviews when censored at April 2011; HRs were 1.715 (0.851-3.455), 0.812 

(0.408-1.616), and 1.570 (0.765-3.224), respectively.

Tumour response

Overall, the ORR was 51.9% (95% CI 46.4%–57.3%) in the imatinib arm (n=320) and 

42.3% (95% CI 36.9%–47.7%) in the nilotinib arm (n=324); results were similar using local, 

central, or adjudicated review (table A4). ORRs were also higher in the imatinib arm than in 

the nilotinib arm for nearly all mutation subgroups (table A5). In the KIT exon 9 subgroup, 

the ORR was 34.6% (95% CI 16.3%–52.9%) in the imatinib arm (n=26); no patients 

achieved objective response in the nilotinib arm (n=24). In the KIT exon 11 subgroup, 

tumour response was also better in the imatinib (n=141; 68.8% [95% CI 61.1%–76.4%]) 

than in the nilotinib (n=125; 57.6% [95% CI 48.9%–66.3%]) arm. Conclusions regarding 

patients with other mutations are limited due to small sample sizes.
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Safety and tolerability data

The median (range) duration of study drug exposure was 14.9 (0.4–37.0) months in the 

imatinib arm and 11.8 (0.1–32.7) months in the nilotinib arm. Median dose intensity was 

400.0 (range, 91–783) mg in the imatinib arm and 790.0 (range, 337–800) mg in the 

nilotinib arm. Of the 26 patients in the imatinib arm who had KIT exon 9 mutations, 15 

patients received the 400 mg once daily dose and 11 patients received the 400 mg twice 

daily dose. Study discontinuation because of AEs occurred in 17/320 patients (5.3%) in the 

imatinib arm and in 26/324 patients (8.0%) in the nilotinib arm, most commonly due to 

hyperbilirubinaemia (imatinib vs nilotinib, 0 [0%] vs 4 [1.2%]), vomiting (0 [0%] vs 3 

[0.9%]), anaemia (2 [0.6%] vs 1 [0.3%]), and neutropenia (3 [0.9%] vs 0 [0%]). Dose 

reduction was reported in 9 patients (2.8%) in the imatinib arm and in 94 patients (29.3%) in 

the nilotinib arm. The main reasons for reduction were AEs (imatinib, n=5; nilotinib, n=47) 

and dosing errors (imatinib, n=1; nilotinib, n=48). Most dosing errors were occasional 

missed doses that were not associated with AEs or scheduling conflicts; the frequency of 

dosing error days was < 1% of total treatment days. The increased frequency of dosing 

errors in the nilotinib arm was most likely due to the increased complexity of dosing (twice 

daily nilotinib instead of once daily imatinib). Treatment interruption, mainly due to AEs, 

was reported in 139/320 patients (44.0%) in the imatinib arm and in 157/324 patients 

(48.9%) in the nilotinib arm.

Overall, in the core study, 11/320 patients (3.5%) in the imatinib arm and 13/324 patients 

(4.0%) in the nilotinib arm died on treatment or up to 28 days after the last dose of study 

drug. In the imatinib arm, seven deaths were due to disease progression and one each to 

jejunal perforation, alcoholic cirrhosis, pneumonia, and intracranial haemorrhage. In the 

nilotinib arm, nine deaths were due to disease progression and one each to cardiac arrest, 

sepsis, septic shock, and transfusion reaction. No treatment-related deaths were reported.

AEs were reported in 293/320 patients (92.7%) in the imatinib arm and in 307/324 patients 

(95.6%) in the nilotinib arm. The most frequently reported AEs for imatinib were nausea, 

diarrhoea, peripheral oedema, fatigue, vomiting, and abdominal pain (table 3). The most 

frequently reported AEs for nilotinib were rash, nausea, abdominal pain, fatigue, and 

hyperbilirubinaemia. Grade 3/4 AEs were reported in 139 patients (44.0%) in the imatinib 

arm and in 128 patients (39.9%) in the nilotinib arm. The most common grade 3/4 AEs for 

imatinib were hypophosphataemia, anaemia, abdominal pain, elevated lipase level, 

neutropenia, and diarrhoea. The most common grade 3/4 AEs for nilotinib were anaemia, 

elevated lipase level, elevated alanine aminotransferase level, abdominal pain, and 

hyperbilirubinaemia. The most common serious AEs in both arms was abdominal pain 

(imatinib, n=11 [3.5%]); nilotinib, n= 14 [4.4%]). Grade 3/4 cardiac AEs were observed in 

seven patients (2.2%) in the imatinib arm (two cardiorespiratory arrests, two cases of 

supraventricular tachycardia, and one case each of acute myocardial infarction [MI], 

arrhythmia, and atrial fibrillation) and in five patients (1.6%) in the nilotinib arm (one each 

pericardial effusion, cardiac arrest, and diastolic dysfunction and two MIs—one acute).
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Discussion

The final analysis of the core study showed higher rates of PFS, ORR, and OS with imatinib 

than with nilotinib, both overall and in the KIT exon 9 subgroup. Patients with KIT exon 9 

mutations in the imatinib group had the option of receiving imatinib 400 mg twice daily (ie, 

double the standard dose). An equivalent dose increase in the nilotinib arm was not possible 

because the maximum tolerated dose of nilotinib is 600 mg twice daily. All patients in the 

nilotinib arm received 400 mg twice daily; thus, doubling that standard dose to 800 mg 

twice daily would have induced unacceptable toxicity with a linear pharmacokinetic 

profile.23 Furthermore, although imatinib and nilotinib have similar potencies in cells 

harbouring mutations in KIT exon 9, exon 11, and exon 13,12,15 the compounds have 

different pharmacodynamic properties that might result in differences in intratumour drug 

levels.24–26 Additionally, estimated 24-month survival rates in the imatinib arm (PFS, 

59.2%; OS, 90.0%) were better than in earlier clinical trials of imatinib in patients with 

advanced GISTs,4–6 suggesting that patients in this more recent trial were possibly treated 

earlier in the disease course and/or had less aggressive disease. For instance, in a pooled 

analysis of the S0033 and EORTC 62005 trials (MetaGIST), median time since diagnosis 

was 13.9 months (range, 0-359 mo).27 Here, median time since diagnosis was 4.7 months 

(range, 0-287) in the imatinib arm and 7.3 months (range, 0-256) in the nilotinib arm. Both 

in this study and a study of third-line nilotinib in patients with GIST,18 there was a 

discordance between central and adjudicated review. Previous studies have reported the 

difficulty in using unmodified RECIST for patients with GIST, particularly when metastatic 

lesions are involved.28–30 In future studies, using modified RECIST or alternate criteria may 

result in more consistent results among reviewers.

In the KIT exon 11 subgroup, although ORR and OS were better with imatinib, PFS was 

roughly similar in both study arms. The PFS results for the KIT exon 11 subgroup may be 

biased in favour of nilotinib due to informative censoring. In this group, local review 

detected more PFS events in the nilotinib arm (29.6% vs 23.4%), whereas central review 

detected fewer events in the nilotinib arm (17.6% vs 30.5%). Furthermore, in the overall 

population, local review resulted in earlier declaration of PFS events than central review in 

the nilotinib arm, but not in the imatinib arm. The discrepancy between central and local 

review for PFS indicates the potential biases in using local review to make clinical decisions 

rather than central review, particularly in an open-label trial. The bias seen with locally 

reviewed PFS was not observed for ORR.

Biochemical and x-ray crystallographic studies (Sandra Cowan-Jacob and Paul Manley, 

personal communication) indicate that nilotinib and imatinib bind to the same inactive 

conformation of the KIT protein (DFG-out), but nilotinib has greater affinity which might be 

the result of a tighter interaction with residues from the activation loop. This probably 

explains the similar efficacy of the two drugs in patients with KIT exon 11 mutations. The 

juxtamembrane region of KIT is involved in the autoregulation of KIT tyrosine kinase 

activity by modulating the conformation of the activation loop; based upon the results of this 

clinical study, one can speculate that KIT exon 9 mutations affect the conformation of the 

activation loop such that nilotinib binding is impacted to a greater extent than is imatinib 

binding, or alternatively that nilotinib simply is less effective at inhibiting the non-mutated 
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intracellular structures which are shared between KIT exon 9 (extracellular) mutants and 

wild-type KIT protein.

In conclusion, nilotinib was not superior to imatinib in first-line therapy of patients with 

advanced GISTs. Both nilotinib and imatinib were well tolerated and the safety profiles of 

both drugs were consistent with prior clinical studies, mainly associated with 

nonhaematologic, gastrointestinal toxicities.4–6,16,18 This series represents one of the largest 

trial experiences of a TKI in advanced GIST patients besides imatinib. However, based on 

the data from this study and from prior studies in later lines of therapy, it cannot be 

recommended that nilotinib be broadly used in the treatment of GIST. Not yet defined 

patient stratification strategies are required to better identify patients with GIST who might 

derive benefit from nilotinib, although it has been suggested that nilotinib could be useful 

for patients intolerant of first-line imatinib with GIST not harbouring the KIT exon 9 

mutation.31

Limitations of the study

Informative censoring occurs when results can be explained by censoring rather than a 

treatment effect. Informative censoring may have contributed to the lack of correlation 

observed between PFS and OS for patients with KIT exon 11 mutations. There were two 

sources of informative censoring: (1) the central review process in an open-label study, 

exacerbated by the presence of crossover,21,22 and (2) design changes following interim 

analysis.

The effect of using centrally reviewed PFS in an open-label study has been previously 

reported.21,22 In this study, for patients with KIT exon 11 mutations who were receiving 

nilotinib, there was a large difference in PFS by local vs central review, with the central 

review reporting relatively better PFS (table 2). In this group, patients who progressed by 

local assessment (conducted in real time) were permitted to cross over to imatinib treatment. 

Later, if central review did not classify patients as progressors, these patients would be 

censored in central review, artificially improving the apparent PFS for nilotinib compared 

with local review. Fewer PD events were declared based on the central review than on the 

local and adjudicated reviews in the nilotinib group, whereas more PD events were declared 

based on the central review than on the local and adjudicated reviews in the imatinib group. 

This suggests that the investigators tended to declare PD early in the nilotinib group, 

whereas the investigators in the imatinib group tended to declare PD much later (figure 4).

The design changes following the interim analysis could also have led to informative 

censoring because patients were allowed to continue with nilotinib if still receiving a benefit 

or to otherwise switch to imatinib before progression. If investigators learned that results 

favoured imatinib at the interim analysis (based on data up to April 4, 2011), they may have 

switched patients to imatinib, regardless of nilotinib's effect in those patients. As a result, the 

final analysis of PFS in the nilotinib arm (as of October 17, 2012) would be overestimated 

based on all review sources because these patients would be censored regardless of review 

source. This second source of informative censoring, due to changes in trial design, is 

supported by the sensitivity analyses of PFS ignoring data following the interim analysis, 

which generally favour imatinib (table 2). This observation suggests that the investigators 
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were more likely to take the interim analysis results and the IDMC's recommendations into 

account when declaring PD events for patients on nilotinib.

The incorporation of crossover therapy into a study's design can also increase the likelihood 

of informative censoring, thereby contributing to the lack of correlation observed between 

PFS and OS for patients with KIT 11 mutations. The option of crossover therapy may 

inadvertently motivate an investigator to declare a PD event in order to switch to a 

perceivably more effective treatment. If informative censoring occurs equally between all 

treatment arms, the study results can still remain unbiased with regard to treatment effect. 

However, when there is more informative censoring in one treatment arm than in another, 

the treatment effect will be biased in favour of the arm with more censoring. This type of 

bias has been discussed previously in the literature, and it poses a real problem in the 

analysis of open-label trials.21,22 A sensitivity analysis for information censoring can 

account for any potential bias by removing the impact of subjective treatment decisions 

following the point at which the study became unmasked.

Thus, sensitivity analyses suggested the presence of informative censoring by both sources, 

leading to bias in favour of nilotinib. As such, the adjudicated PFS data should be 

interpreted with caution. In particular, PFS in patients harbouring KIT exon 11 should be 

viewed in the context of OS and ORR results, which favoured imatinib. Given the 

differences between locally and centrally reviewed PFS data, the central review process 

should be further evaluated in GIST.
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Research in context

Systematic Review

A thorough search of PubMed was used to evaluate existing data related to the treatment 

of advanced GIST. Continuous imatinib treatment has long been the standard of care for 

patients with advanced KIT+ GIST. Prior to the use of imatinib, median OS for patients 

with advanced GIST was approximately 20 months.9,32 Phase 2 and 3 clinical trials with 

imatinib showed prolonged survival in this patient population (median, 49-57 

months).5,27 Despite the improved rates of survival with first-line imatinib, most patients 

still progress while on treatment (median, 19-24 months).5,27 While sunitinib and 

regorafenib are approved for treating second- and third-line GIST, imatinib is the only 

targeted treatment approved for patients with newly diagnosed advanced disease. Based 

on the available clinical trial data, there is an unmet need for developing new frontline 

treatment options with favourable benefit:risk profiles for patients with advanced GIST.

Interpretation

In ENESTg1, median PFS was 29.7 months in the imatinib arm (n=320) and 25.9 months 

in the nilotinib arm (n=324). Median OS was not reached in either arm of the study, but 

24-month estimates were 90.0% and 81.8% in the imatinib and nilotinib arms, 

respectively. In general, PFS and OS in both arms were longer than what was reported in 

previous trials of imatinib and likely reflect the fact that patients are getting diagnosed 

earlier and have less extensive disease when starting treatment. Based on the results of 

this trial, first-line treatment with nilotinib cannot be recommended, but future studies 

may be able to identify specific subsets of patients who could benefit from this treatment.
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Figure 1. CONSORT diagram
A randomised, open label, multi-centre phase III study to evaluate the efficacy and safety of 

nilotinib vs imatinib in adult patients with unresectable or metastatic gastrointestinal stromal 

tumours (ENESTg1)—ClinicalTrials.gov identifier: NCT00785785.

Note: 11 patients were assigned to imatinib therapy (as forced randomization) because they 

signed an informed consent form prior to termination of patient accrual on April 8, 2011.

*Dose: nilotinib 400 mg twice daily; imatinib 400 mg once daily. Patients whose tumour has 

confirmed KIT exon 9 mutation before the study entry could start imatinib at 400 mg twice 

daily.
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Figure 2. PFS
PFS by adjudicated central review in the full-analysis set (A) and in the subsets of patients 

with KIT exon 9 mutations (B) or KIT exon 11 mutations (C). Following the interim analysis 

and decision to stop recruitment for futility, no subsequent formal inferences could be made; 

therefore, P values are not presented. *All exon 9 mutants on nilotinib had a PFS event or 

censoring within 6 months. HR=hazard ratio. PFS=progression-free survival. NE=not 

estimable.
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Figure 3. OS
OS in the full-analysis set (A) and in the subsets of patients with KIT exon 9 mutations (B) 

or KIT exon 11 mutations (C). HR=hazard ratio. OS=overall survival. Median OS was not 

reached in either arm in the overall population or in the mutation subgroups.
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Figure 4. Progression-free survival of the full-analysis set by local and central review
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