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ABSTRACT

Background. KIT has been suggested to be a potential
therapeutic target for malignant melanoma. We evaluated
theantitumoractivity and safetyof theKIT inhibitor nilotinib in
metastatic melanoma patients harboring KIT gene mutations
or amplifications.
Methods.Weconductedaphase IImulticenter trial ofnilotinib
in metastatic malignant melanoma with KIT mutations or
amplifications. Patients received 400 mg oral nilotinib twice
daily. The primary endpoint was response rate, and if seven or
more responders were observed from the cumulative 36
patients, nilotinib would be considered worthy of further
testing in this study population.
Results. Between October 2009 and June 2013, 176 patients
underwent molecular screening for KIT gene aberrations, and
42patients harboringKITgenemutations and/oramplification

were enrolled in the study.Overall, 25 (59.5%), 15 (35.7%), and
2(4.8%)patientshadKITmutations,KITamplifications,andboth
KITmutationsandamplification, respectively.Of the42enrolled
patients, 1 patient achieved complete response, 6 patients
achieved partial response, and 17 patients achieved stable
disease, resulting in an overall response rate of 16.7% (95%
confidence interval [CI]: 5.4%228.0%) and a disease control
rate of 57.1% (95% CI: 42.1%272.1%). The median duration of
response was 34 weeks (range: 5–55 weeks). Of the 7
responders, 6 patients had KITmutations (exon 11: 5 patients;
exon 17: 1 patient), and 1 patient had KIT amplification only.
Conclusion. Although this study did not meet its primary
endpoint of response rate, nilotinib showed durable response
in a subset of metastatic melanoma patients with specific KIT
mutations. The Oncologist 2015;20:1312–1319

Implications for Practice: KIT aberration can be detected in a subset of metastatic melanoma patients. This phase II trial showed
that nilotinib demonstrates durable response in a subset of patients with KITmutations.The safety profile was very tolerable.This
study suggests that a KIT inhibitor may benefit a small subset of metastatic melanoma patients with KITmutations.

INTRODUCTION

Recent research in the fieldsof tumorbiologyand immunology
has led to the development of new targeted and immuno-
therapeutic agents for the treatment of melanoma. The

cytotoxic T lymphocyte-associated antigen 4 antibody ipilimu-
mab and blocking of programmed cell death 1 (PD1) and
its ligand PDL1 with nivolumab or pembrolizumab have
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demonstrated clinical efficacy in patients with metastatic
melanoma [1–4]. The BRAF inhibitor vemurafenib showed an
objective response rate of 48% and survival benefit in
melanoma patients harboring BRAF V600E mutation [5, 6].
More recently, a phase III trial demonstrated that dabrafenib
plus trametinib improved median progression-free survival
(PFS) in melanoma patients with BRAF V600E or V600K
mutations compared with dabrafenib alone (9.3 vs. 8.8
months, p 5 .03) [7]. However, the incidence of BRAF
mutations is relatively low in acral and mucosal melanomas,
the prevalent subtype in Asians [8, 9].

Intracellular signaling through KIT plays a critical role in
melanocyte development [10–12]. Its role as an oncogene and
therapeutic target inmelanomahas recentlyemerged.KIT isan
established therapeutic target in cancers with KIT-activating
mutations, such as gastrointestinal stromal tumors (GISTs). KIT
mutations and amplifications have also been identified in
melanoma. Curtin et al. found that BRAF and NRASmutations
were infrequent in mucosal and acral melanomas and those
resulting fromchronic sun-induceddamage (CSD),whereasKIT
mutations and/or increased copy number were prevalent in
mucosal (39%), acral (36%), and CSD (28%)melanomas [13]. In
our previous study, increased KIT copy number and KIT
mutations were identified in approximately 30% and 7.6% of
Chinese melanoma patients, respectively [8]. KIT mutations
were detected in 20.7% of CSD, 11.9% of acral, and 9.6% of
mucosal melanomas in a Chinese patient cohort (n5 502) [9].

For this subset ofmelanomapatients, several phase II trials
on imatinib have been reported [14–16]. In these studies,
response rates ranged from 20%230%, and exon 11 and 13
mutations were more predictive of imatinib response
compared with exon 9, 17, and 18 mutations. We previously
conducted and reported a preliminary analysis of this phase II
trial [17]. In that report, 2 of 9 evaluable patients achieved
partial response, and both showed durable response to KIT
inhibitors. A decrease in tumor size from baseline was
observed in four of nine patients [17]. Nilotinib is a novel
phenylaminopyrimidinederivativewithpotentactivity against
the tyrosine kinases BCR-ABL, KIT, discoidin domain receptor,
andplatelet-derivedgrowthfactor receptor. Itwasapproved in
2007 for the treatment of imatinib-resistant and accelerated-
phase chronic myeloid leukemia (CML). In 2010, nilotinib
received accelerated approval from the U.S. Food and Drug
Administration for the treatment of newly diagnosed Phila-
delphia chromosome-positive CML following a randomized
phase III trial demonstrating its superiority over imatinib [18,
19]. Based on these findings, we conducted a phase II clinical
trial of nilotinib in patients with metastatic melanoma
harboring KITmutations or amplifications.

PATIENTS AND METHODS

Study Design
This was an open-label, phase II multicenter study of the
Korean Cancer Study Group conducted at nine centers.
Patients were enrolled between October 2009 and June
2013. The protocol was approved by the institutional review
board ofeachparticipating center, and the trial was conducted
inaccordancewith theprinciplesof theDeclarationofHelsinki.
All patients provided written informed consent before

enrollment. Novartis (Seoul, Republic of Korea, https://www.
novartis.com) provided nilotinib but was not involved in
patient accrual, data analysis, or manuscript preparation. The
trial was registered at ClinicalTrials.gov (NCT01099514). We
screened all melanoma patients who would be eligible for
clinical trial enrollment, and the study was not enriched for
acral or mucosal melanoma.

Patient Selection
Eligibility criteria includedhistologically confirmedmelanoma,
unresectable stage III or IVmelanoma, presence of at least one
measurable lesionaccording toResponseEvaluationCriteria in
Solid Tumors (RECIST 1.1), Eastern Cooperative Oncology
Group (ECOG) performance status of 022, normal organ
function, and no evidence of progression and normal
neurologic function within 8 weeks of enrollment in patients
withbrainmetastasis. Patientswereeligible regardlessof prior
therapy including surgery, radiotherapy, immunotherapy, and
cytotoxic chemotherapy. Patients with KIT gene alterations
weredefined as thosewithKITmutations in exons 9, 11, 13, 17,
or18orKITgeneamplification (.3genecopiesbyquantitative
polymerase chain reaction), as previously described [8, 20].
Patients who had undergone prior treatment with KIT
inhibitors were not eligible for enrollment.

Study Treatment and Dose Modification
Patients received 400 mg oral nilotinib twice daily in 4-week
treatment cycles until disease progression or unacceptable
toxicity. Toxicities were evaluated according to the National
Cancer Institute’s Common Toxicity Criteria version 3.0. Grade
$2nonhematologic andgrade$3hematologic toxicitieswere
managed by holding the drug until resolution to grade#1 and
then resuming without a dose reduction. If the patient
experienced a second toxicity, the drug was reduced to 600
mg once daily. Grade 3 or 4 hepatic toxicities were managed
through dose interruption followed by dose reduction to 600
mg once daily.

Response Evaluation
The primary endpoint was response rate, and secondary
endpoints were OS, PFS, and toxicity. Radiographic imaging
and tumor assessments were performed every 8 weeks based
on RECIST 1.1 criteria [21]. Patients with documented disease
progression were followed up for survival status every 2
months until death. Evaluable patients were defined as those
who had undergone at least one computed tomography (CT)
evaluation for nilotinib treatment response. All complete
responses (CRs) andpartial responses (PRs)were confirmedby
repeated CT scan evaluation per RECIST 1.1.

Statistical Considerations
ASimon’s two-stagephase II optimal designwasused to assess
the primary endpoint of response according to the following
parameters: reference response rate of 10%; experimental
response rate of 30%; and type I and II error rates of 5% and
10%, respectively. Eighteen patients were treated at the first
stage, and the studywouldbestoppedearly if fewer than three
patients responded. Otherwise, the study would proceed to
the second stage, in which an additional 18 patients would be
treated. If seven or more responders were observed from the
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cumulative 36 patients, nilotinib would be considered
worthy of further testing in this study population. This
study was planned to accrue a maximum of 40 patients to
account for an attrition rate of up to 10% due to ineligibility
or dropout.

Standard descriptive and analytical methods were used to
describe the patient population and their baseline character-
istics and clinical outcomes. PFS and overall survival (OS) were
estimated using the Kaplan-Meier method, and the log-rank
testwasusedtocomparecumulativesurvival in thetwogroups
(patients with clinical benefit vs. progressive disease [PD]).
Statistical data were analyzed using SPSS version 18 (IBM
Corp., Armonk, NY, http://www.ibm.com).

RESULTS

Molecular Screening
A total of 176 patients consented to undergo molecular
screening for KIT gene aberrations. Among 142 patients who
hadavailable tissue forKITmutation testing, 30 (21.1%)hadKIT
mutations.KITamplificationwasdetected in29of118patients
(24.6%).TwopatientshadbothKITmutationandamplification.
Of the 59 patients with KITmutations or amplification, 57met
the eligibility criteria. Fifteen patients were excluded because
ofotherongoing treatment, patient refusal, poorperformance
statusdue to rapidlyprogressivedisease, loss to follow-up, and
progressive brainmetastasis. A total of 42were enrolled in the
study (Fig. 1).

Patient Characteristics
Patient characteristics are shown in Table 1. Of the 42 enrolled
patients, 21 (50%) had acral melanoma, 12 (28.6%) had
mucosal melanoma, and 9 (21.4%) had cutaneous melanoma.
The patient population consisted of 21 men and 21 women
with a median age of 56 years (range: 28281 years). Most
patients (95.2%)hadgoodperformancestatus (ECOGof0or1).
All patients had metastatic disease at the time of study
enrollment, and 15 patients had elevated lactate dehydroge-
nase level at baseline. The most common metastatic site was

the lung (61.9%) followed by the distant lymph nodes (54.8%),
liver (40.5%), bone (19.0%), brain (11.9%), peritoneum
(11.9%), and pleura (9.5%). Overall, 28 patients (66.7%) were
previously treated with at least one cytotoxic chemotherapy
regimen, and no one had prior immunotherapy such as
ipilimumab, nivolumab, or pembrolizumab. A total of 191 4-
week cycles of nilotinib were administered to the study
participants. The median number of cycles per patient was 3
(range: 1219 cycles).

Adverse Events
Nilotinib safety was assessed in 40 of the 42 patients
(laboratory evaluation was done in 39 patients). Two
patients lost to follow-up were not included in the safety
assessment.The toxicity profiles of thepatients are shown in
Table 2. Nilotinib showed a very favorable toxicity profile.
Grade 4 toxicities were not observed. Grade 3 leukopenia,
anemia, fatigue, skin rash, and lipase elevation were
observed in 1 patient, and grade 3 jaundice and liver enzyme
elevation were observed in 2 patients. Treatment was
delayed in 10 cycles (5.2%) due to jaundice (n 5 2), liver
enzyme elevation (n52), cytopenia (n52), lipase elevation
(n51), skin rash (n51), nausea (n51), and unknown cause
(n 5 1). Nine patients underwent a 25% dose reduction
because of grade 3 (leukopenia, liver enzyme elevation,
jaundice, and lipase elevation) and grade 2 (headache,
fatigue, and nausea) toxicities. Nilotinib treatment was
terminated in 2 patients because of grade 3 and grade 2
jaundice.Themost commonly reported adverse eventswere
anemia (n529), skin rash (n519), liver enzymeelevation (n
5 16), jaundice (n5 17), anorexia (n5 13), fatigue (n5 13),
and nausea (n5 12).

Response and Survival
Tumor response and follow-up data are shown in Figure 2.
Three patients discontinued nilotinib before computed
tomography response evaluation because of pneumonia (n5 2)
and consent withdrawal before study initiation (n 5 1). In

Figure 1. CONSORT diagram of patient enrollment.
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the intent-to-treat population (n 5 42), 1 patient showed
complete response, 6patients showedpartial response, and
17 patients showed stable disease (SD), resulting in an overall
response rate (ORR) of 16.7% (95% confidence interval [CI]:
5.4%228.0%) and a disease control rate of 57.1% (95% CI:
42.1%272.1%). The ORR was significantly greater than the
hypothesized null value of 10%, although the lower boundary
of the 95% CI (5.4%) for the observed response rate in the
intent-to treat population is below the10%null response rate
expected.

KITmutation and amplification status, treatment response
and duration, and survival status of individual patients are
presented in Table 3.Themedian duration of response was 34

weeks (range: 5–55 weeks). Among the 7 responders, 6
harbored KITmutations (exon 11mutations: 5 patients; exon
17mutations: 1 patient) and 1 had KIT amplification (KIT copy
number: 264) without KIT mutation. In addition, 3 of 5
patients with exon 11 mutations had L576P mutations.
Although the ORR was higher in patients with than without
KITmutations, this difference was not significant (22.2% vs.
6.7%; p5 .390).

At the time of the analysis, 3 patients were still receiving
ongoing treatment, 39 patients had terminated treatment
(disease progression: 34 patients [87.2%]; toxicity: 2
patients [5.1%]; and patient refusal: 1 patient [2.6%]), and
2 patients (5.1%) were lost to follow-up. After a median
follow-up duration of 57 weeks (95% CI: 35.7–78.3 weeks),
the median PFS for the clinical benefit group (CR/PR/SD)
versus the PD group was 34 weeks (95% CI: 10.1–57.9
weeks) versus 7weeks (95%CI: 5.3–8.7weeks), respectively
(p, .001). Median OS was also longer in the clinical benefit
group (74 weeks; 95% CI: 48.0–100.0 weeks) than the PD
group (29 weeks; 95% CI: 15.6–42.4 weeks; p , .001)
(Fig. 3).

DISCUSSION

This is our final report on the nilotinib trial in metastatic
melanoma patients with KITmutations or amplifications. We
previously reported the preliminary analysis of nilotinib
treatment in the first 11 patients [17]. Overall, 1 patient
showed complete response, 6 patients showed partial re-
sponse, and 17 patients showed stable disease, resulting in an

Table 1. Patient characteristics

Characteristics Results

Sex, n (%)

Male 21 (50)

Female 21 (50)

Age, years, median (range) 56 (28–81)

ECOG performance status, n (%)

0 5 (11.9)

1 34 (81.0)

2 2 (4.8)

Subtype of melanoma, n (%)

Acral 21 (50.0)

Mucosal 12 (28.6)

Cutaneous 9 (21.4)

Disease stage, n (%)

M1a 2 (4.8)

M1b 4 (9.5)

M1c 36 (85.7)

Elevated LDH at baseline, n (%) 15 (35.7)

Current site of metastasis, n (%)

Lung 26 (61.9)

Distant LN 23 (54.8)

Liver 17 (40.5)

Bone 8 (19.0)

Brain 5 (11.9)

Peritoneal seeding 5 (11.9)

Pleural seeding 4 (9.5)

Prior systemic regimens for metastatic
disease, n (%)

0 14 (33.3)

1 15 (35.7)

$2 13 (31.0)

Previous chemotherapy regimens, n (%)

Dacarbazine-based 28 (66.7)

Paclitaxel-based 8 (19.0)

Molecular aberration, n (%)

KITmutation 25 (59.5)

KIT amplification 15 (35.7)

KITmutation and amplification 2 (4.8)

Abbreviations: ECOG, EasternCooperativeOncologyGroup; LDH, lactate
dehydrogenase; LN, lymph node.

Table 2. Toxicity profile

Toxicity

Grade, n (%)

1 2 3 4

Hematological (n5 39)

Leukopenia 1 (2.6)

Anemia 21 (53.8) 7 (17.9) 1 (2.6)

Thrombocytopenia 1 (2.6)

Nonhematological (n5 40)

Anorexia 13 (32.5)

Nausea 11 (27.5) 1 (2.5)

Vomiting 8 (20.0)

Diarrhea 1 (2.5)

Mucositis 4 (10.0)

Myalgia 8 (20.0)

Fatigue 10 (25.0) 2 (5.0) 1 (2.5)

Headache 4 (10.0) 2 (5.0)

Dizziness 1 (2.5) 2 (5.0)

Skin rash 17 (42.5) 1 (2.5) 1 (2.5)

Itching sense 4 (10.0)

Dry eye 2 (5.0)

AST elevation 8 (20.5) 0 2 (5.1)

ALT elevation 14 (35.9) 1 (2.6) 1 (2.6)

Jaundice (n5 39) 12 (30.8) 3 (7.7) 2 (5.1)

Lipase elevation (n5 39) 0 0 1 (2.6)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase.
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ORR of 16.7% (7 of 42 patients) and a disease control rate of
57.1%. Although the ORR was not impressively high, durable
responsesup to55weekswereobserved in the7respondersat
the time of analysis.

Several studies have demonstrated the value of imatinib
in a selected group of patients with metastatic melanoma
with KIT alterations [14–16] (Table 4). With careful patient
selection, Guo et al. [16] were able to demonstrate
significant benefits in a group of patients with metastatic
melanoma with either KIT mutations or KIT amplification
treated with imatinib. This single-arm, phase II trial enrolled
a total of 43 patients, and the overall response rate was
22.0% with 9 PRs. Among 9 responders, all have KIT
mutations except 1, who had KIT amplification without
mutation. Similarly, Cavajal et al. [15] evaluated 25 patients
who harbored the KIT mutation and/or amplification and
demonstrated an ORR of 24.0%. The relatively low response
rate obtained in this phase II study can be explained by
several factors. More than two-thirds of the patient cohort
received prior cytotoxic therapies. In addition, approxi-
mately 80% of the patient population had acral or mucosal
melanoma, subtypes known to exhibit more aggressive
clinical behavior [22, 23]. These factors may have affected
the response rate to nilotinib.

Because of their greater potency, the second-generation
KIT inhibitors nilotinib and dasatinib are under intense clinical
investigation for the treatment of metastatic melanoma with
KIT alterations. In particular, ECOG is currently conducting
a phase II study of dasatinib in metastatic melanoma patients
harboring KIT alterations (ECOG 2607, NCT00700882). The
TasignaEfficacy inAdvancedMelanoma (TEAM) trial is a phase
II, single-arm study to assess the efficacy of nilotinib in
metastatic melanoma patients (NCT01028222). Patient ac-
crual has been completed for the TEAM trial, and the trial
results will be reported soon. These trials will be valuable in
further establishing the efficacy and safety of KIT inhibitors in
KIT-mutated melanoma. A phase II trial of nilotinib was
recently published in the salvage setting following progression
to prior KIT inhibition [24]. In a subset of patients, nilotinib
achieved durable stabilization.

TocorrelateKITaberrationswith treatment response toKIT
inhibitors, we compared nilotinib response in our study and
imatinib response inprevious studies [15, 20, 21] according to
mutation type and specific mutation site (Table 4). In our
study, 6 of the 7 responders had exon 11 mutations. None of
the responders had KIT amplification alone; however, 1
responderhadconcomitantKITmutation (exon11L576P) and
amplification. Regarding mutation site, metastatic mela-
noma patients with exon 11 L576P mutation had the highest
ORR in thepresent study. Reported imatinib response rates in
metastatic melanoma patients harboring exon 11 L576P
mutation range from 57.1% to 100% [15, 20]. Another KIT
point mutation associated with imatinib response is the
K642E exon 13 mutation [15, 20] (Table 4). In our study, this
particularmutationwas detected in 1 patient who had stable
disease for 16 weeks. Other mutations associated with
nilotinib response in our study included exon 17 I817L and
exon 11 V559A mutations. One patient with exon 17 I817L
mutation responded to nilotinib for more than 1 year (.55
weeks). This particular missense mutation had not been
previously reported to be associated with imatinib response
(COSM1651644). Of the 2 patients with exon 11 V559A
mutation, 1 showed partial response for 38 weeks and 1
showed stable disease for 16weekswith nilotinib.V559A and
N822I double KITmutant melanoma has been shown to have
some degree of response to imatinib [25]; therefore, our
phase II trial demonstrated that nilotinib can induce durable
responses in V559A KIT-mutated melanoma. Currently, four
primary double KIT mutations in melanoma have been
identified in the literature: N566D (exon 11)/K642E (exon 13)
[13], N463S (exon 9)/N655S (exon 13) [15], K642E (exon 13)/
N822I (exon 17) [26], and V559A (exon 11)/N822I (exon 17)
[25]. In our patient cohort, 1 patient had V560D (exon11)/
V654A(exon13) (Table 3) andhad stabledisease for.42weeks
on nilotinib. Exon 13 V654A mutation is known as imatinib-
resistant mutation in GIST [27]; however, in our study, long-
lasting stabilization of the disease was seen in this particular
patient. Nevertheless, a preclinical model to test the specific
mutation in relation to nilotinib antitumor activity in
melanoma should provide stronger evidence to support our

Figure 2. Treatment response to nilotinib.
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clinical finding. Inaddition,wecouldnotfinddefiniteacorrelation
between KIT amplification and response to KIT inhibitor.
Moreover, we did not observe definite correlation between
the level of KIT amplification (i.e., 4 vs..50 copies), although
we reported this in our previous pilot report [17].

In a previous study, nilotinib was very well tolerated, with
alopecia, skin rash, andheadachebeing themost commonadverse
events. In our study, most adverse events were grade 1; however,
grade3jaundiceandliverenzymeelevationwereeachobservedin2
patients.Our findings are consistentwith thoseofprevious studies.

Table 3. Molecular aberration and treatment response

Patient Sex Age Type

KIT
mutation,
exon

KITmutation,
specific site

KIT
amplification

Best
response

Duration
of response
(week)

Survival
status

1 F 69 Acral 11 L576P 0 CR 32a Alive

2 M 71 Acral 17 I817L PR 55 Alive

3 F 58 Acral 11 V559A PR 38 Dead

4 F 50 Acral 11 L576P PR 34 Dead

5 F 64 Acral 11 L576P 54 PR 34 Dead

6 F 36 Acral 11 Exon 11 deletion PR 13 Dead

7 M 39 Mucosal (parotid gland) 0 264 PR 5 Alive

8 F 79 Mucosal (nasal) 0 114 SD 72 Alive

9 F 78 Acral 11, 13 11 (V560D), 13 (V654A) SD 42a Alive

10 M 51 Acral 11, 13 11, 13 SD 35a Alive

11 M 81 Mucosal (nasal) 17 A820T SD 30 Alive

12 F 51 Mucosal (unknown) 0 240 SD 20 Dead

13 F 74 Acral 11, 18 11, 18 SD 16 Unknown

14 F 56 Acral 13 L642G SD 16 Dead

15 F 60 Acral 0 44 SD 16 Dead

16 F 28 Mucosal (conjunctival) 0 118 SD 16 Dead

17 F 62 Mucosal (oral cavity) 11 V559A SD 16 Alive

18 F 68 Cutaneous 11 L558R SD 15 Dead

19 F 76 Acral 13 K642E 0 SD 12 Unknown

20 M 66 Cutaneous 0 1158 SD 10 Unknown

21 M 61 Acral 0 58 SD 8 Dead

22 F 56 Cutaneous 18 M836T SD 6 Dead

23 M 77 Cutaneous 0 92 SD 6 Unknown

24 M 40 Acral 0 52 SD 4 Dead

25 M 61 Acral 0 612 PD Dead

26 M 44 Acral 0 284 PD Dead

27 M 44 Mucosal (nasal) 11 Exon 11 deletion PD Alive

28 M 59 Cutaneous 11 Exon 11 deletion PD Alive

29 M 80 Acral 13 L642G 518 PD Dead

30 M 40 Acral 9 P483L PD Dead

31 M 49 Cutaneous 0 191 PD Dead

32 F 33 Mucosal 11 A567S 0 PD Dead

33 F 56 Cutaneous 11 P573L 0 PD Unknown

34 F 51 Mucosal 0 84 PD Dead

35 M 37 Cutaneous 0 60 PD Dead

36 M 51 Acral 11 L576P PD Dead

37 M 46 Mucosal 18 L862L 0 PD Dead

38 F 41 Mucosal 17 A820V PD Dead

39 F 47 Cutaneous 11 M552I 0 PD Dead

40 M 65 Acral 0 117 NE Dead

41 M 46 Acral 13 L642G NE Dead

42 M 63 Mucosal (rectum) 11 L576P NE Dead
aTreatment is ongoing.
Abbreviations: CR, complete response; F, female; M, male; PD, progressive disease; PR, partial response; SD, stable disease.
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CONCLUSION
Although this studydidnotmeet theprimaryendpointof response
rate, itshowedthatnilotinibisefficaciousandsafeforthetreatment
ofmetastaticmelanomawith certainKITaberrations. Patientswith
melanomas harboring KIT mutations have a high probability of
responding to nilotinib but usually with short duration of response
compared with KIT-mutant GIST. Nilotinib compares similarly with
previous trials with imatinib in terms of response rate andmedian
PFS in melanoma [15, 16]; however, the data do not allow the
conclusion that the exon 17 (I817L) mutation or other mutations
should preferably be treated with nilotinib. Single-mutant exon 17
mutations may respond to imatinib, and no preclinical evidence

showsthatthesemutantsarereally resistant.Basedonourtrial, it is
veryimportanttonotethatKITamplificationaloneisveryunlikelyto
predict a response to nilotinib. Taken together with other KIT
inhibitor trials in melanoma [15–17], KIT-amplified melanomas
withoutKITmutations shouldbeexcluded fromfutureKIT inhibitor
monotherapy trials. Future studies should characterize the actual
sensitivityof theKITmutations found inmelanomasbecausemany
aredifferent fromthose inGIST. Future studies shouldalsoperform
follow-up biopsies to better understand the nature of resistance.
TheoncogenicdependencyonKIT is lesspronounced inmelanoma
than in GIST, and very little is known about the mechanisms of
resistance, which clinically evolve quicker than in GIST.
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Figure3. Kaplan-Meier curvesofpatientswithKITgeneaberrations. (A):Progression-free survival (median: 34vs. 7weeks;p, .001). (B):
Overall survival (median 74 vs. 29 weeks; p, .001).

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.

Table 4. Correlation of molecular aberration and treatment response

Variable Carvajal et al. [15] Guo et al. [16] Hodi et al. [14] Present study

KITmutation, n 24 40 13 27

KIT amplification only, n 4 3 11 (only evaluable) 15

Response rate 6/25 (24.0) 10/43 (30.2) 7/24 (29.2) 7/42 (16.7)

PFS, months, median (95% CI) 2.8 (2.5–4.0)a 3.5 (1.3–5.7) 3.7 (2.6–5.6)a 3.3 (1.6–4.9)

OS, months, median (95% CI) 10.7 (6.5, not achieved) 14.0 (10.8–17.2) 12.5 (8.8–10.8) 11.9 (7.1–16.7)

RR by mutation type

Exon 11 4/9 (44.4) 6/17 (35.3) 5/9 (55.6) 5/17 (29.4)

Exon 13 2/6 (33.3) 3/9 (33.3) 1/3 (33.3) 0/6 (0)

Amplification only 0/4 (0) 1/3 (33.3) 0/11 (0) 1/15 (6.7)

RR by specific mutation site NA

Exon 11 L576P 4/7 (57.1) 3/3 (100) 3/5 (60.0)

Exon 13 K642E 2/4 (50.0) 1/3 (33.3) 0/1 (0)

Other mutations with response
(except exon 11 L576P, exon 13 K642E)

No NA Exon 11 insertion PYD577-582 Exon 17 I817L

Exon 17 D820Y Exon 11 deletion

Exon 11 V560D Exon 11 V559A
aTime to progression.
Data are shown as frequency (percentage) except as indicated.
Abbreviations: CI, confidence interval; NA, not available; OS, overall survival; PFS, progression-free survival; RR, response rate.
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