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Assistance Publique Hôpitaux de Paris, Hôpital Necker, Paris, France
A R T I C L E I N F O

Article history:

Received 29 April 2009

Accepted 7 May 2009

Available online 21 June 2009

Keywords:

Masitinib

c-Kit

Imatinib

GIST

Tyrosine kinase inhibitor

Phase 1 study
0959-8049/$ - see front matter � 2009 Elsevi
doi:10.1016/j.ejca.2009.05.010

* Corresponding authors: Tel.: +33 1 42 11 43
E-mail addresses: soria@igr.fr (J.C. Soria),
A B S T R A C T

Background: Masitinib is a tyrosine kinase inhibitor with a pre-clinical profile suggesting

greater affinity and selectivity in vitro for the wild-type c-Kit receptor and its juxtamem-

brane mutation than imatinib.

Methods: This dose-escalation study was conducted in patients with advanced and/or met-

astatic cancer to determine the maximum tolerated dose (MTD) for orally administered

masitinib over a 12-week period. Secondary objectives were a clinical assessment of masit-

inib’s activity in cancer patients and establishment of a pharmacokinetic profile.

Results: Forty patients with various solid tumours (predominantly GIST, 19 patients) were

treated with masitinib at doses ranging between 0.7 and 17.2 mg/kg/day. Although the

MTD was not formally reached, an acceptable dose for chronic use was identified at

12 mg/kg/day. Treatment-related AEs were frequent (38/40 patients), however, the majority

were grade 1 or 2 and demonstrated dose dependency at higher concentrations. Pharmaco-

kinetic results showed a linear, dose-dependent increase of Cmax and AUC. One of two GIST

patients with imatinib intolerance had a partial response at 11.1 mg/kg/day. About 29% of

the imatinib-resistant GIST population and 38% of the overall population had stable dis-

ease.

Conclusions: The safety profile of masitinib at 12 mg/kg/day b.i.d. for the treatment of solid

cancers appears favourable and compatible with a long-term regimen. Tumour control rate

in imatinib-resistant patients was encouraging, hence, the activity of masitinib in c-Kit

expressing tumours, such as GIST, warrants further exploration as first-line anticancer

therapy as well as for imatinib-resistant patients.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction been involved in cancer and other proliferative disorders.1

2

Tyrosine kinases (TKs) play a fundamental role in signal
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regimens. Molecular targeted therapies have been developed

to limit tumour growth and metastatic diffusion in various

ways and at different stages of cancer development.3

Deregulation of c-Kit, the stem cell factor receptor upon

which some types of tumour cells depend for proliferation,

has been implicated in a number of human cancers including

gastro-intestinal stromal tumour (GIST), acute myelogenous

leukaemia, small cell lung carcinomas, seminoma, ovarian

cancer, breast carcinoma, colorectal carcinoma, neuroblasto-

mas and mastocytosis.3,4 Of these, GIST is exemplary of the

strong relation between the SCF/c-Kit pathway and pathogen-

esis of cancer, with 90% of all GISTs showing overexpression

of c-Kit, and 70–80% showing mutations, respectively.5,6 The

majority of these mutations are in-frame deletions and mis-

sense mutations clustered at the 5’-end of the juxtamem-

brane domain (exon 11). A rare mutation, an Ala502-Tyr503

duplication in exon 9, is specific for intestinal GISTs.7,8

Imatinib (Gleevec�, STI571; Novartis) is the forerunner of

such therapeutic agents and an example of a TK inhibitor that

not only competes with ATP and inhibits the activity of the

Breakpoint Cluster Region-Abelson kinase (BCR-ABL), but also

c-Kit or PDGF receptors (Table 1). Masitinib, the investiga-

tional drug of this study, is a novel TK inhibitor that potently

inhibits wild-type (WT) c-Kit and its activated form, mutated

in the juxtamembrane region (JM), PDGFRa, PDGFRb, Lyn, and

to a lesser extent FGFR3 and the FAK pathway. In cell prolifer-

ation assays, masitinib inhibits with an IC50 at 3 nM c-Kit JM,

150 nM c-Kit WT, 250 nM PDGFRa, PDGFRb and 2.5 lMr FGFR3.

In kinase assays, Lyn activity was inhibited with an IC50 of

400 nM and masitinib (1 lM) reduced FAK phosphorylation

by 21% (Table 1). Due to its specificity masitinib may exhibit

a better safety profile than other TK inhibitors and could

therefore be effective in imatinib-intolerant patients. In vivo

masitinib showed significant antitumour activity after intra-

venous (i.v.) or oral administration at well-tolerated doses in

a BALB/c nude mouse model with a subcutaneous graft of a

transgenic murine hematopoietic cell line, transfected with

a gene encoding c-Kit JMD27. Masitinib given at either 100

or 200 mg/kg resulted in a complete dissolution of the tumour

following a 10-day treatment (Dubreuil et al., submitted).
Table 1 – Inhibition of protein kinases: comparison of
masitinib to imatinib.

Enzyme IC50 (lM)

Masitinib Imatiniba

c-Kit (exon 11 mutant) 0.003b 0.027c

c-Kit WT 0.15 0.41

PDGFRa, b 0.25, 0.02 0.4, 0,44

Lyn 0.4 2

FAK 5–10 n/a

ABL 1.5 0.2

FGFR3 2.5 5.7 (R1)

VEGFR1 >10 19.5

SRC 2 3

Concentrations causing a 50% reduction in kinase activity (IC50) are

given.

a From Deininger et al.10

b Determined in transfected cells.

c From Weisberg et al.19
In the present report we describe the results of a phase 1

study in patients with solid tumours. The primary objective

was to identify the maximum tolerated dose (MTD) of orally

administered masitinib as a single agent. Secondary objec-

tives were to assess the safety, efficacy and the pharmacoki-

netic (PK) profile of masitinib in patients suffering from

advanced cancer, as well as the antitumoural activity of

masitinib to explore its potential in first-line or combination

therapy in imatinib-resistant or -intolerant GIST patients,

and in patients with c-Kit positive solid tumours naı̈ve to

imatinib.

2. Patients and methods

2.1. Study design

This was a multicentre, non-randomised, open-label, sequen-

tial cohort, dose-escalation phase1 study in adults with ad-

vanced and/or metastatic cancer (Fig. 1). Masitinib was

administered per os for up to 12 weeks, or until unacceptable

toxicity or documentation of disease progression (as defined

in Response Evaluation Criteria in Solid Tumours [RECIST]).9

Upon conclusion of the dose-escalation cohorts, GIST pa-

tients resistant or intolerant to imatinib and patients with

c-Kit positive solid tumours, who received chemotherapy

other than imatinib, were also evaluated for safety and anti-

tumour activity of masitinib.

2.2. Patient selection

Patients with histologically proven advanced solid malignan-

cies for which no standard alternative curative therapy could

be proposed were eligible. All patients were required to have

at least one measurable target site. Other eligibility criteria

included the following: age P18 years, an Eastern Coopera-

tive Oncology Group (ECOG) performance status between 0

and 2 and the absence of serious concomitant medical disor-

ders. Additionally, patients had to exhibit adequate renal

function (serum creatinine <1.5 times the upper limit of nor-

mal (ULN) or a calculated creatinine clearance >40 ml/min,

adequate bone marrow function (WBC count >3500/mm,3

absolute neutrophil count [ANC] >2000 mm3, platelet count

>105/mm3 and haemoglobin >11 g/dl), and adequate liver

function (total bilirubin value <1.5 times ULN, ALAT level

<2.5 times ULN and ASAT <2.5 times ULN). An effective con-

traceptive method was requested for women of childbearing

age and a negative pregnancy test was required prior to treat-

ment administration. Patients were excluded if they were

pregnant or nursing, had a known history of brain metasta-

ses, myocardial infarction or coronary disease, or had a his-

tory of gastro-intestinal (GI) disorder that could interfere

with drug absorption. Patients with a history of any other

malignancy, apart from in situ carcinoma of the cervix or ba-

sal cell carcinoma of the skin within five years prior to entry

to the study, were also excluded. Patients could not have

undergone surgery within the last six weeks and should not

have been treated within the preceding four weeks to enrol-

ment with any investigational drug, chemotherapy, radio-

therapy, immunotherapy or hormonal therapy. The

exclusion period was extended to six weeks for previous



Fig. 1 – Participant flow, including summary of cohort safety profile, subsequent dose-escalation decision or study

discontinuation.
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treatments with nitrosureas or mitomycin C. Patients were

informed about the experimental nature of this study, and

signed an approved informed consent form before any inves-

tigational diagnostic or treatment was initiated. This study

was conducted in accordance with the Declaration of Hel-

sinki and each participating investigator followed guidelines

established for Good Clinical Practice.
Concomitant treatments considered necessary for the pa-

tient’s well-being were permitted, as well as radiotherapy to

specific sites if considered mandatory by the treating physi-

cian. Drugs that interact with the same CYP450 isoenzymes

(2C9, 2D6 and 3A4) as masitinib (e.g. acetaminophen) were

avoided when possible due to the inherent risk of either

reduced activity or enhanced toxicity of any concomitant
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medication. Other treatments interfering with GI absorption

were avoided.
2.3. Study treatment and dosage

Masitinib was provided by AB Science (Paris, France) as cap-

sule or coated tablet to be administered per os, approximately

1 h prior to meals. A safe starting dose was determined in

accordance with FDA recommendations (Guidance for Indus-

try, Dec 2002) following a previously established oral No Ob-

served Adverse Effect Level (NOAEL) in dogs for masitinib of

15 mg/kg, equivalent to 8.1 mg/kg/day (Human Equivalence

Dose of the NOAEL). Thus, in compliance with the FDA’s rec-

ommended 10% safety margin, a patient weighing 60 kg

would receive a starting dose of 40 mg masitinib (cohort #1).

Dose escalation is summarised in Fig. 1. The schema was

modified to switch from once daily from 40 to 1000 mg/day

to bid at 800 mg as well as 9 mg/kg and 12 mg/kg.

Dose-limiting toxicity (DLT) was defined as grade 4 AE, or

grade 3 non-haematological AE with emergent toxicity at

least possibly related to the study treatment, in patients with

normal values/status at baseline. The MTD was defined as the

dose at which at least 3 of 6 patients experienced a dose-lim-

iting toxicity (DLT).
2.4. Tumour assessment

Tumour measurements were performed at baseline and then

at week 6, week 12 and 30 days after the last dose of masitinib

by chest X-ray, computer tomography scan, or by magnetic

resonance imaging. Assessment included clinical examina-

tion and imaging, with therapeutic response based upon RE-

CIST guidelines.9. Patients showing stable disease (SD) after

12 weeks of treatment, i.e. control of the tumour, partial re-

sponse (PR) or complete response (CR), were eligible to con-

tinue receiving masitinib after entering a compassionate

programme.
2.5. Safety evaluation

Safety was evaluated weekly via monitoring of adverse events

(AEs), vital signs and physical examination; and with bi-

weekly ECG and clinical laboratory tests (biochemistry, hae-

matology). Toxicity was graded according to the NCI-CTC

v3.0 classification, with the treating physician assessing any

possible relationship to the study drug.
2.6. Pharmacokinetics

Plasma and urinary PK analyses were performed for two

metabolites of masitinib. Urinary samples were collected at

pre-dose, then 0–12, 12–24 and 24–48 h after dosing. Venous

blood samples were collected on days 1 and 14, before dosing

and then repeatedly over a 12-hour post-treatment period.

Plasma was analysed for masitinib using a validated analyti-

cal method. Model-independent, non-compartmental analy-

sis (KINETICA Version 4.0, Innaphase, Champs-sur-Marne,

France) was used to estimate PK parameters for masitinib

including AUC and peak concentration (Cmax).
2.7. Statistical analysis

Safety, PK and efficacy parameters are presented using

descriptive statistics. The intent-to-treat population (ITT)

was defined as those patients who had received at least one

dose of masitinib and who had undergone at least one assess-

ment of efficacy or safety.

3. Results

3.1. Patient characteristics

From January 2004 to March 2006, 40 patients were enrolled at

three French centres. Patient characteristics are summarised

in Table 2. The most frequent cancer was GIST in 19/40 pa-

tients (48%), and 39/40 patients (98%) had previously received

at least one chemotherapy. About 18/40 patients had previ-

ously been treated with imatinib and one with gefitinib.

Seven sequential cohorts, composed of 27 patients with

advanced solid tumours were generated, corresponding to

masitinib doses of 0.4–17.5 mg/kg/day. Two additional groups

were enrolled in order to better assess efficacy and toxicity in

patients with imatinib-resistant GIST, and in patients with c-

Kit+ solid tumours (Fig. 1).

The subpopulation of 19 GIST patients, included 14 pa-

tients resistant to imatinib at 800 mg/day, two patients resis-

tant to imatinib at 400 mg/day, one that received an unknown

dose and two patients intolerant to imatinib at 300 mg/day.

3.2. Safety and DLTs

The safety population comprised all patients who had re-

ceived at least one dose of masitinib (N = 40) with a reporting

period spanning from the first dose of masitinib until 28 days

after the last dose (7 days for the DLT). Patient exposure to

masitinib was 101 ± 121 days (median 56 days). The criterion

for MTD was not formally reached in the seven cohorts esca-

lation (Table 3a). In total, 2/27 patients (7.4%) experienced at

least one DLT during the study: one patient had elevated ALAT

levels (cohort 6), and the second suffered from dehydration,

hyperbilirubinaemia, renal insufficiency and died (cohort 7).

Five other patients experienced DLTs in cohorts 8 and 9 (Table

3b and 3c).

The incidence of DTLs (7 patients) increased from 16.7% in

the 6–12 mg/kg/day range to 36.4% in the highest range sug-

gesting a threshold at 12 mg/kg/day.

A total of 38/40 patients (95%) experienced at least one

treatment-related AE (Tables 3a and 3b). The most frequent

drug-related AEs were GI disorders in 32/40 patients (80%),

nausea in 22/40 patients (55%), diarrhoea in 21/40 patients

(52.5%) and vomiting in 21/40 patients (52.5%), metabolic dis-

orders in 28/40 patients (70%), blood and lymphatic system

disorders in 27 patients (67.5%) and general disorders in 26

patients (65%) (Table 4).

The most frequent drug-related AE was GI toxicity in 32/40

patients (80%) including nausea in 22/40 patients (55%), diar-

rhoea in 21/40 patients (52.5%) and vomiting in 21/40 patients

(52.5%). Nausea and vomiting were mostly of grades 62 and

occurred repeatedly throughout the study lasting for one or

two days. Masitinib administration b.i.d. was better able to



Table 2 – Baseline characteristics and dosing history, according to dose cohort.

Parameter Total 40 mg/day 100 mg/day 150 mg/day 250 mg/day 500 mg/day 1000 mg/day 800 mg bid 9 kg/mg bid 12 kg/mg bid

Population; n (%) 40 (100%) 1/40 (2.5%) 3/40 (7.5%) 3/40 (7.5%) 4/40 (10%) 4/40 (10%) 6/40 (15%) 6/40 (15%) 6/40 (15%) 7/40 (17.5%)

Age (years)

Mean (±SD) 53 (11) 63.0 (–) 50.0 (5.3) 42.7 (15.7) 48.0 (9.4) 50.8 (11.9) 52.2 (6.6) 61.7 (13.9) 47.7 (6.1) 59.7 (12.3)

Min–max 25–79 – 44–54 25–55 34–54 38–64 40–58 41–77 41–57 46–79

Sex

Male n (%) 22 (55) – 1/3 (33) 1/3 (33) 4/4 (100) 3/4 (75) 3/6 (50) 4/6 (67) 3/6 (50) 3/7 (43)

Female n (%) 18 (45) 1/1 (100) 2/3 (67) 2/3 (67) – 1/4 (25) 3/6 (50) 2/6 (33) 3/6 (50) 4/7 (57)

Weight (kg)

Mean (±SD) 68 (16) 59.0 (–) 62.8 (13.6) 68.7 (2.0) 68.9 (13.7) 60.0 (18.8) 83.0 (29.3) 62.5 (10.1) 70.1 (13.8) 63.9 (10.57)

Min–max 38–121 59–59 50–77 67.2–71 53–82 38–78 58–121 50–74 53.5–86.0 50.6–77.0

Treatment duration (days)

Mean (±SD) 93 (100) 42 (–) 50 (12) 149 (161) 67 (47) 71 (37) 65 (73) 47 (28) 127 (169) 155 (115)

Median 56 – 56 58 71 58 40 44 39 147

Min–max 6–440+ – 36–57 54–335 9–118 42–126 15–211 6–80 10–440+ 12–373+

Primary cancer; n (%)

GIST 19/40 (47.5) 1/1 (100) 1/3 (33) 1/3 (33) – 1/4 (25) 5/6 (83) 3/6 (50) – 7/7 (100)

Cortico-suprarenal cancer 2/40 (5) – 1/3 (33) 1/3 (33) – – – – – –

Mesothelioma 5/40 (12.5) – – – – 1/4 (25) – 2/6 (33) 2/6 (33) –

Thyroid cancer 2/40 (5) – – – 1/4 (25) – 1/6 (17) – – –

Bladder cancer 1/40 (2.5) – – – – – – 1/6 (17) – –

Cancer not differentiated 1/40 (2.5) – – – – 1/4 (25) – – – –

Colorectal cancer 2/40 (5) – – – 2/4 (50) – – – – –

Prostatic adenocarcinoma 1/40 (2.5) – 1/3 (33) – – – – – – –

Thymoma 3/40 (7.5) – – 1/3 (33) – – – – 2/6 (33) –

Non-small cell lung cancer 1/40 (2.5) – – – 1/4 (25) – – – – –

Neuroendocrine tumour 1/40 (2.5) – – – – 1/4 (25) – – – –

Cystic adenoid carcinoma 1/40 (2.5) – – – – – – – 1/6 (17) –

Duodenum adenocarcinoma 1/40 (2.5) – – – – – – – 1/6 (17) –
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manage nausea and vomiting. Diarrhoeas were relatively fre-

quent at masitinib initiation and were generally well man-

aged with symptomatic treatment.

Moreover, 3/40 patients (7.5%) experienced grade 3 toxicity:

one patient for nausea, one patient for diarrhoea (>12 mg/kg/

day) and one patient for vomiting (<3 mg/kg/day). Of 8/40 pa-

tients (20%) who permanently discontinued treatment, GI tox-

icity in 4/8 patients (50%) was the predominant reason.

Twenty-seven drug-related serious adverse events (SAEs)

were experienced by 7/40 patients (17.5%). No SAE was ob-

served below 6 mg/kg/day (N = 11), 3/18 patient (16.7%) at a

dose level between 6 and 12 mg/kg/day; and in 4/11 patients

(36.4%) above 12 mg/kg/day. Drug-related SAEs resolved dur-

ing the study except for one fatal outcome. Four patients died

during the study and one patient during the follow-up period.

Death was attributed to disease progression in 4/5 patients

(80%), with 1/5 patient (20%) having death attributed to drug

toxicity by one of the recruiting centres (agreement between

investigators in the centre). This patient was in the 800 mg/

day b.i.d. group and died from renal insufficiency and dehy-

dration on day eight (identified as DLT). However, upon review

by an independent medical expert, death was attributed to

acute renal failure and concomitant aggravating medication.

Eight permanent treatment interruptions were reported

for the weight-adjusted groups: one patient at a dose level be-

tween 3 and 6 mg/kg/day (25%), two patients at a dose level

between 6 and 12 mg/kg/day (11.1%) and five patients at a

dose level >12 mg/kg/day (48.5%).

Two imatinib-intolerant patients (300 mg/day) received

masitinib. One patient experienced only grade 1 AEs at

12.7 mg/kg/day during 199 days of treatment. The other pa-

tient presented grade 2 erythema and was treated at 5.3 mg/

kg/day for 471 days following a 50% dose reduction.
3.3. Pharmacokinetics

Pharmacokinetic analysis was performed for the free base of

masitinib, AB1003 and a metabolite, AB3280. Plasma samples

collected on days 1 and 14 of treatment were analysed by dose

cohort (in mg/day), and by weight-adjusted dose levels (in mg/

kg/day). The PK analysis population, i.e. those patients for

whom sufficient data were available, was n = 28 on day 14,

with two patients excluded from analysis due to concomitant

treatments. Following repeated administration of masitinib,

i.e. PK data on day 14, comparison of Cmax revealed a fourfold

increase in the concentration of masitinib AB1003 versus that

of masitinib’s active metabolite AB3280. Absorption of masit-

inib had a mean Tmax (AB1003) of between 1.7 and 4.7 h.

Accordingly, the half-life averaged 24 h (range 18–36 h) with-

out accumulation after 14 days of orally administered masiti-

nib. Apparent clearance and volume of distribution of

masitinib were high. Better correlations were observed with

weight-adjusted doses, coefficients of correlation for AUC

and Cmax equalling 0.8 and 0.83, respectively. Analyses per

sub-population showed a correlation of 0.83 and 0.91, respec-

tively, between 3 and 6 mg/kg/day (N = 4), and 0.44 and 0.52 at

the dose range 7–12 mg/kg/day (N = 10), respectively. This cor-

relation is indicative of non-linearity in the oral bioavailability

of masitinib and an increased systemic exposure if the drug is



Table 3b – Count of patients with adverse events within weight-adjusted dose groups.

Number of patients
with at least one AEa

All (N = 40) <3 mg/kg/day
(N = 7)

3–6 mg/kg/day
(N = 4)

>6–12 mg/kg/day
(N = 18)

>12 mg/kg/day
(N = 11)

AE grade > = 3 29 (72.5%) 6 (85.7%) 3 (75.0%) 11 (61.1%) 9 (81.8%)

AE grade G4 or

non-haematological G3

29 (72.5%) 6 (85.7%) 3 (75.0%) 11 (61.1%) 9 (81.8%)

SAE 17 (42.5%) 4 (57.1%) 2 (50.0%) 5 (27.8%) 6 (54.5%)

Suspected AE 38 (95%) 7 (100%) 3 (75.0%) 17 (94.4%) 11 (100%)

Suspected AE grade > = 3 17 (42.5%) 3 (42.9%) 0 (0.0%) 6 (33.3%) 8 (72.7%)

Suspected AE G4 or

non-haematological G3

when normal or not at baseline

16 (40%) 3 (42.9%) 0 (0.0%) 6 (33.3%) 7 (63.6%)

DLT (dose limiting toxicity) 7 (17.5%) 0 (0.0%) 0 (0.0%) 3 (16.7%) 4 (36.4%)

Suspected SAE 7 (17.5%) 0 (0.0%) 0 (0.0%) 3 (16.7%) 4 (36.4%)

Suspected AE leading to

permanent discontinuation

8 (20%) 0 (0.0%) 1 (25.0%) 2 (11.1%) 5 (45.5%)

Suspected AE leading to

temporary interruption

4 (10%) 0 (0.0%) 0 (0.0%) 2 (11.1%) 2 (18.2%)

Suspected AE leading to

dose reduction

4 (10%) 0 (0.0%) 0 (0.0%) 2 (11.1%) 2 (18.2%)

a Toxicity was graded according to the National Cancer Institute Common Toxicity Criteria version 3.0 (NCI-CTC v3.0), which has a range of

grades from 0 to 5 generally corresponding to: 0, no effect; 1, mild; 2, moderate; 3, severe; 4, life threatening; and 5, death.

Table 3c – DLTs after weight adjustment.

Patient’s dose Preferred term Grade

8.2 mg/kg/day Alanine aminotransferase increased Grade 3

Asthenia Grade 3

Asthenia Grade 3

Asthenia Grade 3

General physical health deterioration Grade 3

9.3 mg/kg/day Alanine aminotransferase increased Grade 3

Hypokalaemia Grade 3

Rash Grade 3

9.4 mg/kg/day Hyponatraemia Grade 3

12.1 mg/kg/day Erythema Grade 3

Pruritus Grade 3

Skin desquamation Grade 3

12.7 mg/kg/day Alanine aminotransferase increased Grade 3

13 mg/kg/day Nausea Grade 3

16 mg/kg/day Dehydration Grade 4

Hyperbilirubinaemia Grade 3

Renal insufficiency Grade 4
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given as a single administration, e.g. 800 mg/day, instead of

400 mg administered twice daily.

3.4. Antitumour activity

Tumour response was evaluated in the ITT population (N = 40)

based upon RECIST, defined as the best confirmed response

recorded from the start of treatment until disease progres-

sion. Assessment of the ITT population showed a clinical ben-

efit in 16/40 patients (40%), with one patient in PR and 15

patients experienced SD (Table 5a).

In the imatinib-resistant group of 17/40 patients (43%), 5/

17 patients (29.4%) had SD as best clinical response (Table

5b). In two GIST patients, intolerant to 300 mg/day imatinib,

treatment with 12.7 mg/kg/day masitinib resulted in SD for

one patient and PR in the other patient (even with a dose

reduction to 5.3 mg/kg/day).
Twenty-one patients presented with tumours other than

GIST and experienced a control disease rate of 42.9%. About

2/3 patients with mesothelioma were stable, and a third pa-

tient (mesothelioma with abdominal disease) had tumour

reduction at 6 weeks (from 13 to 9 mm) but was withdrawn

from the study by the investigator due to persisting paracen-

tesis to treat ascites. About 2/3 patients with thymoma, and 2/

2 patients with thyroid cancer had SD.
4. Discussion

This clinical study was the first administration of the TK

inhibitor masitinib in patients with solid tumours targeting

c-Kit, and has shown that this is a promising treatment op-

tion for patients having solid tumours, particularly GIST.

Although the MTD was not reached in the dose-escalation co-

horts, a dose of 12 mg/kg/day was considered as the maximal

recommended dose in long-term treatment. Indeed, higher

doses than 12 mg/kg/day increased the incidence of GI disor-

ders that generally elicited poor patient compliance. Overall,

38 grade 3/4 drug-related adverse events occurred in 29 pa-

tients (72.5%) and only higher doses resulted in patient’s exit

from the study.

The observed antitumour activity of masitinib was encour-

aging in patients resistant to imatinib. Of 14 GIST patients,

who were resistant to 800 mg/day imatinib, four had stable

disease. One imatinib-intolerant patient (300 mg/day) had a

PR at week 12 with a good safety profile. In the non-GIST pop-

ulation, 2/3 patients with thymoma and 2/2 with thyroid can-

cer had SD.

Masitinib is a highly selective TK inhibitor that in vitro has

demonstrated a better pharmacological profile than imatinib

for wild-type c-Kit receptor and its juxtamembrane mutation

without additional toxicity (Dubreuil et al., submitted).10

Moreover, in vitro data have shown that masitinib (1 lM) re-

duces focal adhesion kinase (FAK) activity by 21% and may



Table 4 – Incidence of suspected adverse events per dose group, by System organ class.

System organ class/preferred term All (N = 40) <3 mg/kg/day
(N = 7)

3–6 mg/kg/day
(N = 4)

>6–12 mg/kg/day
(N = 18)

>12 mg/kg/day
(N = 11)

At least one AE 38 (95.0%) 7 (100%) 5 (83.3%) 15 (93.8%) 11 (100%)

Blood and lymphatic system disorders 27 (67.5%) 5 (71.4%) 5 (83.3%) 9 (56.3%) 8 (72.7%)

Cardiac disorders 3 (7.5%) 1 (14.3%) 1 (16.7%) 1 (6.3%)

Eye disorders 9 (22.5%) 2 (28.6%) 1 (16.7%) 2 (12.5%) 4 (36.4%)

Gastro-intestinal disorders 32 (80.0%) 6 (85.7%) 3 (50.0%) 12 (75.0%) 11 (100%)

Nausea 22 (55.0%) 2 (28.6%) 2 (50.0%) 8 (44.4%) 10 (90.9%)

Diarrhoea 21 (52.5%) 5 (83.3%) 1 (33.3%) 8 (66.7%) 7 (63.6%)

Vomiting 21 (52.5%) 5 (83.3%) 3 (100%) 6 (50.0%) 7 (63.6%)

General disorders and

administration

site conditions

26 (65.0%) 4 (57.1%) 2 (50.0%) 12 (66.7%) 8 (72.7%)

Hepatobiliary disorders 11 (27.5%) 1 (14.3%) 4 (22.2%) 6 (54.5%)

Infections and infestations 1 (2.5%) 1 (9.1%)

Investigations 23 (57.5%) 3 (42.9%) 1 (25.0%) 12 (66.7%) 7 (63.6%)

Metabolism and nutrition disorders 28 (70.0%) 6 (85.7%) 1 (25.0%) 14 (77.8%) 7 (63.6%)

Musculoskeletal and connective

tissue disorders

9 (22.5%) 1 (14.3%) 1 (25.0%) 2 (11.1%) 5 (45.5%)

Nervous system disorders 4 (10.0%) 1 (14.3%) 2 (11.1%) 1 (9.1%)

Psychiatric disorders 1 (2.5%) 1 (5.6%)

Renal and urinary disorders 9 (22.5%) 2 (28.6%) 1 (25.0%) 3 (16.7%) 3 (27.3%)

Reproductive system and breast

disorders

1 (2.5%) 1 (5.6%)

Respiratory, thoracic and

mediastinal disorders

1 (2.5%) 1 (5.6%)

Skin and subcutaneous tissue

disorders

14 (35.0%) 3 (42.9%) 1 (25.0%) 8 (44.4%) 2 (18.2%)

Vascular disorders 4 (10.0%) 1 (14.3%) 3 (16.7%)

Table 5a – Best response in the ITT safety population.

All patients
(N = 40)

<3 mg/kg/day
(N = 7)

3–6 mg/kg/day
(N = 4)

>6–12 mg/kg/day
(N = 18)

>12 mg/kg/day
(N = 11)

CR 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

PR 1 (2.5%) 0 (0%) 0 (0%) 1 (5.6%) 0 (0%)

SD 15 (37.5%) 2 (28.6%) 2 (33.3%) 8 (44.4%) 3 (27.3%)

PD 19 (47.5%) 5 (71.4%) 2 (33.3%) 8 (44.4%) 4 (36.4%)

Missing or non evaluable 5 (12.5%) 0 (0%) 0 (0%) 1 (5.6%) 4 (36.4%)

Table 5b – Best response for the subpopulation of GIST patients and patients with other tumours.

GIST (N = 19) GIST imatinib
intolerant (N = 2)

GIST imatinib
resistant (N = 17)

GIST imatinib
resistant (800 mg, N = 14)

Tumours other
than GIST (N = 21)

PR 1 (5.3%) 1 (50.0%)

SD 6 (31.6%) 1 (50.0%) 5 (29.4%) 4 (28.6%) 9 (42.9%)

PD 10 (52.6%) 10 (58.8%) 8 (57.1%) 9 (42.9%)

Missing or

non-evaluable

2 (10.5%) 2 (11.8%) 2 (14.3%) 3 (14.2%)
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delay metastasis due to the inhibition of the FAK pathway.11

Masitinib has a high affinity for Lyn kinase (0.4 lM), a negative

regulator of mast cell proliferation which associates with c-

Kit.12,13 Importantly, masitinib does not inhibit TKs associ-

ated with toxicity, e.g. src, VEGFR and Abl14 (Table 1), and pre-

sents therefore a safety profile free from cardiotoxicity. In

contrast, imatinib was designed as a selective inhibitor of

the fusion tyrosine kinase BCR-ABL, primarily for chronic
myeloid leukaemia, and was subsequently discovered to inhi-

bit various other TKs, including c-Kit (Table 1).10 This resulted

in FDA approval for the treatment of patients with c-Kit posi-

tive, non-resectable and/or malignant GIST. However, no com-

plete response was achieved with imatinib and primary, or

secondary (acquired) resistance developed, a substantial

problem in routine clinical practice.15. Moreover, imatinib

has been associated with cardiotoxicity due to its inhibition
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of Abl.14 Various attempts to improve further upon the effi-

cacy of imatinib exist. Sunitinib (Sutent, Pfizer),16 an inhibitor

of multiple TKs including VEGFRs has shown efficacy not only

in imatinib-resistant GIST but also has evidence of cardiotox-

icity17; dasatinib (Sprycel, Bristol-Myers Squibb) was the first

of second-line Abl inhibitors with FDA approval that targets

src and other kinases besides BCR-ABL15–19; and nilotinib

(Tasigna, Novartis) is a rational modification to the imatinib

molecule for increased affinity and inhibition of Abl.18

Earlier trials have investigated c-Kit inhibitors in different

tumour types (glioma, pancreas cancer and germ-cell tumour).

The rationale of those therapies was based on the inhibition of

a molecular target or the modulation of some chemotherapy

resistance. Because of its higher specificity and safety, masiti-

nib could be added to other therapies (chemotherapy, radio-

therapy or targeted therapies) in such solid tumours.

5. Conclusion

In patients with various malignant solid tumours, the safety

profile of masitinib appeared acceptable with mainly mild to

moderate gastro-intestinal AEs. While the MTD was not for-

mally reached in this study, doses higher than 12 mg/kg/day

led to gastro-intestinal disorders and may be only compatible

with short-term administration. Therefore, 12 mg/kg/day can

be considered as the maximal recommended dose for long-

term treatment with masitinib. The data from this phase 1

trial reinforce masitinib as a candidate for development in

first-line treatment of GIST as well as other cancers eventually

in combination with chemotherapy.

Conflict of interest

Authors disclose any financial and personal relationships

with other people or organisations that could inappropriately

influence their work.

Role of funding sources

Supported by AB Science, S.A., Paris, France.
Acknowledgements

This work was supported by AB Science, Paris, France. Statis-

tics and data management were performed in the Biometry

Department AB Science. Study coordinated by Pr Jean-Pierre

Armand, MD, Institut Gustave Roussy, Villejuif, France. Previ-

ously presented at the 2007 American Association of Cancer

Research (AACR 2007), Los Angeles, CA, 14–18 April 2007.
R E F E R E N C E S
1. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell
2000;100(1):57–70.
2. Heinrich MC, Griffith DJ, Druker BJ, Wait CL, Ott KA, Zigler
AJ. Inhibition of c-kit receptor tyrosine kinase activity by
STI 571, a selective tyrosine kinase inhibitor. Blood
2000;96(3):925–32.

3. Heinrich MC, Blanke CD, Druker BJ, Corless CL. Inhibition of
KIT tyrosine kinase activity: a novel molecular approach to
the treatment of KIT-positive malignancies. J Clin Oncol
2002;20(6):1692–703.

4. Lennartsson J, Jelacic T, Linnekin D, Shivakrupa R. Normal and
oncogenic forms of the receptor tyrosine kinase kit. Stem Cells
2005;23(1):16–43.

5. Hirota S, Isozaki K, Moriyama Y, Hashimoto K, Nishida T,
Ishiguro S, et al. Gain-of-function mutations of c-kit in
human gastrointestinal stromal tumors. Science
1998;279(5350):577–80.

6. Miettinen M, Lasota J. Gastrointestinal stromal tumors
(GISTs): definition, occurrence, pathology, differential
diagnosis and molecular genetics. Pol J Pathol 2003;54(1):3–24.

7. Miettinen M, Lasota J. Gastrointestinal stromal tumors: review
on morphology, molecular pathology, prognosis, and
differential diagnosis. Arch Pathol Lab Med
2006;130(10):1466–78.

8. Sleijfer S, Wiemer E, Verweij J. Drug Insight: gastrointestinal
stromal tumors (GIST) – the solid tumor model for cancer-
specific treatment. Nat Clin Pract Oncol 2008;5(2):102–11.

9. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, et al. New guidelines to evaluate the response
to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute
of the United States, National Cancer Institute of Canada. J
Natl Cancer Inst 2000;92(3):205–16.

10. Deininger M, Buchdunger E, Druker BJ. The development of
imatinib as a therapeutic agent for chronic myeloid leukemia.
Blood 2005;105(7):2640–53.

11. Provenzano PP, Inman DR, Eliceiri KW, Beggs HE, Keely PJ.
Mammary epithelial-specific disruption of focal adhesion
kinase retards tumor formation and metastasis in a
transgenic mouse model of human breast cancer. Am J Pathol
2008;173(5):1551–65.

12. Hernandez-Hansen V, Mackay GA, Lowell CA, Wilson BS,
Oliver JM. The Src kinase Lyn is a negative regulator of mast
cell proliferation. J Leukoc Biol 2004;75(1):143–51.

13. Linnekin D, DeBerry CS, Mou S. Lyn associates with the
juxtamembrane region of c-Kit and is activated by stem cell
factor in hematopoietic cell lines and normal progenitor cells.
J Biol Chem 1997;272(43):27450–5.

14. Kerkela R, Grazette L, Yacobi R, Iliescu C, Patten R, Beahm C,
et al. Cardiotoxicity of the cancer therapeutic agent imatinib
mesylate. Nat Med 2006;12(8):908–16.

15. Judson I, Demetri G. Advances in the treatment of
gastrointestinal stromal tumours. Ann Oncol 2007;
18(Suppl. 10):20–4.

16. Goodman VL, Rock EP, Dagher R, Ramchandani RP, Abraham
S, Gobburu JV, et al. Approval summary: sunitinib for the
treatment of imatinib refractory or intolerant gastrointestinal
stromal tumors and advanced renal cell carcinoma. Clin
Cancer Res 2007;13(5):1367–73.

17. Chu TF, Rupnick MA, Kerkela R, Dallabrida SM, Zurakowski D,
Nguyen L, et al. Cardiotoxicity associated with tyrosine
kinase inhibitor sunitinib. Lancet 2007;370(9604):2011–9.

18. Deininger MW. Nilotinib. Clin Cancer Res 2008;14(13):4027–31.
19. Weisberg E, Manley PW, Breitenstein W, Bruggen J, Cowan-

Jacob SW, Ray A, et al. Characterization of AMN107, a
selective inhibitor of native and mutant Bcr-Abl. Cancer Cell
2005;7(2):129–41.


	Phase 1 dose-escalation study of oral tyrosine kinase inhibitor masitinib in advanced and/or metastatic solid cancers
	Introduction
	Patients and methods
	Study design
	Patient selection
	Study treatment and dosage
	Tumour assessment
	Safety evaluation
	Pharmacokinetics
	Statistical analysis

	Results
	Patient characteristics
	Safety and DLTs
	Pharmacokinetics
	Antitumour activity

	Discussion
	Conclusion
	Conflict of interest
	Role of funding sources
	Acknowledgements
	References


