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Melanoma is an aggressive malignancy with a poor prognosis. Current studies show that imatinib treatment 
is a promising approach in treating advanced melanoma patients harboring c-Kit mutations or amplifications. 
We retrospectively analyzed the clinical medical records of 78 patients with metastatic melanoma harboring 
c-Kit mutations or amplifications. These patients were treated with imatinib at a dose of 400 mg/day continu-
ously unless intolerable toxicities or disease progression occurred. Endpoints for exploration included overall 
survival (OS), progression-free survival (PFS), objective response rate (ORR), and disease of control rate 
(DCR). The median OS and PFS of all patients were 13.1 and 4.2 months, respectively. ORR and DCR were 
21.8% and 60.3%, respectively. The survival time of patients who achieved partial response or stable disease 
was significantly superior to those with disease progression. Cox regression analysis showed that patients with 
M1c stage, subtype of cutaneous melanoma, or elevated LDH level (>upper limit of normal) had higher hazard 
ratios for overall survival. Our study, combined with those studies targeting patients with a c-Kit alteration, 
validates the role of imatinib as an important and promising therapeutic agent in the treatment of patients with 
advanced melanoma.
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INTRODUCTION

Melanoma is an aggressive malignancy with an  
overall poor prognosis. The incidence and mortality of 
melanoma have been increasing dramatically1,2. Over 
the past 18 years, over 2,000 registered clinical trials  
(https://clinicaltrials.gov/) have been conducted to inves-
tigate novel agents and combination regimens for meta-
static melanoma. Medical treatments were at a standstill 
prior to the advent of more novel therapies, such as  
targeted agents and immune checkpoint immunotherapy 
agents. Several of these agents have now been approved 
for clinical practice by the various regulatory agencies, 
and these newer treatment strategies have clearly shown 
greater clinical benefit when compared to standard 
chemotherapy3–6.

The most prevalent subtypes among Chinese mela-
noma patients are acral and mucosal melanoma (>70%), 
which constitute only a very small proportion of melano-
mas among Caucasians (<5%)7–9. The c-Kit gene mutation 

rate within these two subtypes is significantly higher than 
that of other subtypes, and the rates in acral and mucosal 
melanoma were 17.6% and 19.2%, respectively10,11. 
Therefore, individualized targeted therapy for c-Kit may 
be especially relevant for Chinese melanoma patients.

Previous studies have shown that treatment with ima-
tinib is a promising approach among advanced melanoma 
patients harboring c-Kit mutations or amplifications10,12,13. 
A phase II clinical trial of imatinib (Novartis Pharma Stein 
AG Stein, Switzerland) in melanoma patients with c-Kit 
mutation/amplifications (n = 43) was conducted by our 
group between 2008 and 201010. In this study, we observed 
that imatinib demonstrated significant activity with ben-
efits in overall survival (OS), progression-free survival 
(PFS), and objective response rate (ORR). However, 
the long-term efficacy of imatinib is still uncertain and 
unclear. In this retrospective study, we further investi-
gated the clinical efficacy of imatinib in 78 patients with  
advanced or metastatic melanoma with c-Kit alterations.
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PATIENTS AND METHODS

Patients

We retrospectively analyzed the clinical information 
of patients whose admission dates ranged from January 1, 
2008 to September 30, 2015. To reduce potential bias and 
heterogeneity, eligibility criteria were set according to the 
following: (1) histologically and clinically/radiologically  
confirmed melanoma diagnosis by the Department of 
Pathology of Peking University Cancer Hospital and 
Institute; (2) evidence for the presence of mutations and/or  
gene amplification of c-Kit; (3) Eastern Cooperative Oncol
ogy Group (ECOG) performance status score of 0 to 1;  
(4) lesion assessment as defined by the Response Evalua
tion Criteria in Solid Tumors 1.0 (RECIST 1.0)14; (5) ade-
quate hepatic, renal, and hematologic functions, including 
WBC greater than 3,000/µl, absolute neutrophil count 
greater than 1,500/µl, platelets greater than 100,000/µl, 
serum creatinine less than two times the upper limit of 
normal (ULN), bilirubin less than 1.5 × ULN, AST less 
than 2.5 × ULN, ALT less than 5.0 × ULN, international 
normalized ratio less than 1.5 ULN, and partial throm-
boplastin time less than ULN. A total of 78 patients were 
eligible for clinical evaluation. This study was carried out 
with the approval of the Institutional Review Board of 
Peking University Cancer Hospital and Institute.

Determination of c-Kit Mutation  
and Gene Amplification

Genomic DNA was extracted from formalin-fixed, 
paraffin-embedded (FFPE) sections by QIAamp DNA 
FFPE Tissue Kit (Qiagen, Hilden, Germany). Aiming at 
detecting hotspot mutations, we amplified exons 9, 11, 
13, 17, and 18 of the c-Kit gene by polymerase chain 
reaction (PCR) in at least two separate preparations of 
genomic DNA and purified PCR products with QIAquick 
(Qiagen). The PCR products were then directly sequenced 
using Big Dye Terminator sequencing chemistry on an 
ABI3130 automated sequencer (Applied Biosystems, 
Foster City, CA, USA). All mutations were confirmed 
by bidirectional sequencing repeat on the ABI sequencer. 
To determine the gene copy number of c-Kit, quantita-
tive real-time PCR was performed using ribonuclease P 
(RNaseP) as a control gene. Relative copy numbers were 
calculated using the DDCt method11.

Treatment and Assessment of Response

Patients received continuous therapy with imatinib 
(400 mg/day) until intolerable toxicities or disease pro-
gression occurred. Response of disease was assessed by 
RECIST 1.0. Computed tomography (CT) scans of the 
chest, abdomen, and pelvis were performed at baseline, 
after 4 weeks of the initial treatment of imatinib, and at 
2-month intervals. Magnetic resonance imaging (MRI) 

scans of the brain were obtained if clinically indicated. 
Adverse events were assessed and recorded per the 
Common Terminology Criteria for Adverse Events ver-
sion 3.0 (CTCAE v3.0). All clinical data of patients were 
obtained from the medical records.

The following four outcome measures evaluated treat-
ment efficacy and the patient status: (1) OS: the time 
from initiation of imatinib to the date of death due to any 
cause or last follow-up; (2) PFS: the time from initiation 
of imatinib to the date of disease progression or death;  
(3) ORR: consisting of complete response (CR) and par-
tial response (PR); (4) disease control rate (DCR): an 
aggregate score of CR, PR, and stable disease (SD). ORR  
and DCR were assessed according to RECIST 1.0 criteria.

Statistical Analyses

OS and PFS distributions were calculated using the 
Kaplan–Meier method. The difference comparisons of 
PFS and OS between mutation types (exon 11 or 13 vs. 
others, multiple mutation vs. others), responses (PR and 
SD vs. PD), and M stages (according to AJCC 7th edition, 
M1a vs. M1b vs. M1c) were calculated by log-rank tests. 
We also used chi-square tests to compare the response 
rates in different mutation types. For further analysis of 
the correlation between OS, PFS, and clinical charac-
teristics, we also ran the Cox regression models of OS 
and PFS on M stages, primary sites, age, sex, and lactate 
dehydrogenase (LDH) level. Hazard ratios and 95% con-
fidence interval (95% CI) were estimated.

All analyses were performed using IBM SPSS Statistics 
19.0 software. The significance two-sided a level was  
set as 0.05.

RESULTS

Patients

Table 1 shows the demographics and baseline disease 
characteristics of the 78 patients included in this analy-
sis. Between January 1, 2008 and September 30, 2015, 78 
patients harboring c-Kit alterations were admitted to the 
Renal Cancer and Melanoma Department, with a median 
age of 54 years old. As for the primary site classifica-
tion, there were 33 (42.3%) cases of acral melanoma, 18 
(23.1%) cases of mucosal melanoma, 15 (19.2%) cases of 
cutaneous melanoma, and 12 (15.4%) cases of other sub-
types. Nineteen, 24, and 35 patients had American Joint 
Commission on Cancer (AJCC) staging M1a, M1b, and 
M1c disease, respectively. Thirty-seven of the 78 (47.4%) 
patients were treatment naive. Thirty cases (38.5%) and 
11 cases (47.4%) had received first- and second-line or 
beyond systemic treatments, respectively. In addition, 31 
(39.7%) and 16 (20.5%) patients harbored single muta-
tions in exon 11 and exon 13, respectively. Twenty-three 
patients (29.5%) harbored mutations in other exons  
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(exon 9, 17, or 18). Multiple c-Kit mutations were detec
ted in 12 patients (16.7%) of the analyzed population. In 
addition to the presence of c-Kit mutations, BRAF sta-
tus was determined, and 4 of 78 patients had the BRAF 
V600E mutation (Table 2).

PFS, OS, and ORR

Median follow-up time for survival was 12.5 months 
(ranging from 0.3 to 82.2 months). At the time of this 
analysis, 2 patients remained alive without disease pro-
gression, 9 were alive with disease progression, and 67 
patients had died. The 1- and 2-year OS rate was 55.1% 
and 29.5%, respectively. The median OS (mOS) was 13.1 
months (95% CI: 9.6–16.7 months) (Fig. 1A). The OS 
of patients who achieved PR or SD was significantly 

superior compared to those with disease progression 
(mOS: 24.7 vs. 7.2 months, p < 0.001) (Fig. 2A). The mOS 
of patients who harbored exon 11 or 13 mutations was 
similar to that of patients with other mutations (14.1 vs. 
12.6 months, p = 0.640) (Fig. 2B). The survival distribu-
tions of patients with multiple mutations or others (single 
mutation or amplification) were also similar (mOS: 13.1 
vs. 12.8 months, p = 0.727) (Fig. 2C). Patients with the 
M stage of M1c had a shorter survival time (mOS: 9.3 
months) than those with M1a or M1b (mOS: 26.9 and 
16.8 months) (Fig. 2D).

The median PFS (mPFS) of all patients was 4.2 months 
(95% CI: 1.9–6.4 months) (Fig. 1B). PFS comparisons 
between different factors are shown in Figure 3. mPFS 
were 7.2, 4.0, and 1.6 months among patients treated with 
imatinib as first, second, and third line or greater, respec-
tively. The mPFS of patients who harbored exon 11 or 13 
mutations was only marginally longer than that of other 
aberrations (4.2 vs. 3.9 months, p = 0.770). The mPFS of 
patients with multiple mutations was a little shorter than 
others (2.9 vs. 4.8 months, p = 0.186). Patients with the 
M stage of M1c, M1b, and M1c had mPFS of 5.9, 6.7, 
and 2.0 months (p = 0.002), respectively.

The best overall responses were as follows: PR, SD, 
and PD were observed in 17 patients (21.8%), 30 patients 
(38.5%), and 29 patients (37.2%), respectively. The dis-
ease control rate (PR and SD) was 60.3%. Among 17 
patients who experienced a partial response, 11 patients 
were confirmed to have exon 11 or 13 mutations, which 
accounted for 64.7% (Table 2). The ORR of patients car-
rying the exon 11 or 13 mutations was 24.4%, whereas 
ORR in patients with other types of mutations was 19.4%. 
Ten of 37, 5/30, and 2/11 patients treated with imatinib as 
first, second, and third or above lines achieved PR, but 
without significance (c2 = 1.141, p = 0.565). DCR of the 
exon 11 or 13 group was 66.7%, whereas the DCR of the 
group with other aberrations was 54.8%. No significant 
difference was observed (c2 = 1.088, p = 0.297) in DCR 
between the sensitive mutation types (exon 11 or 13) and 
other genetic alterations.

Cox Regression Analysis

Figure 4 shows the results of the Cox regression 
analysis. After adjusting for the different treatment lines, 
patients with M1c, cutaneous melanoma, and elevated 
LDH level (>ULN) had higher hazard ratios for OS 
(with the HRs of 2.510, 2.601, and 4.228, respectively). 
In particular, patients with M1c and cutaneous/mucosal 
melanoma had a higher hazard for PFS with statistical sig-
nificance. Age and sex did not correlate with OS and PFS. 
The hazard ratio of LDH level for PFS is greater than 1 but  
insignificant at the level of 0.05 (HR = 1.660, p = 0.087).

Imatinib was received as the regimen of different lines 
in this study. Among those 37 patients treated with imatinib 

Table 1.  Baseline Characteristics of Melanoma 
Patients

Indicators No. of Patients

Age [median (range)] 54 (11–80)
Gender

Male 36 (46.2%)
Female 42 (53.8%)

Clinical subtype
Acral 42 (53.8%)
Mucosal 16 (20.5%)
Chronically sun damaged 14 (18.0%)
Others 6 (7.7%)

LDH levels > ULN 25 (32.1%)
Lines of imatinib treatment

First line 37 (47.4%)
Second line 30 (38.5%)
Third line 11 (14.1%)

M stage
M1a 19 (24.4%)
M1b 24 (30.8%)
M1c 35 (44.9%)

LDH, lactate dehydrogenase; ULN, upper limits 
of normal. Total percent may be not equal to 100 
because of rounding.

Table 2.  c-Kit and BRAF Mutation Types and Response Rates

Mutation Types PR [n (%)] SD [n (%)] PD [n (%)]

c-Kit
Exon 9 1 (14.2%) 3 (42.9%) 3 (42.9%)
Exon 11 6 (20.7%) 13 (44.8%) 10 (34.5%)
Exon 13 5 (31.3%) 6 (37.4%) 5 (31.3%)
Exon 17 1 (20.0%) 2 (40.0%) 2 (40.0%)
Exon 18 1 (33.3%) 2 (66.7%) 0
Multiple mutations 2 (18.2%) 4 (36.4%) 5 (45.4%)
Amplification 1 (50.0%) 0 1 (50.0%)

BRAF
V600E 0 3(75.0%) 1 (25.0%)

PR, partial response; SD, stable disease; PD, progressive disease.
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as the first line, 10 patients continued to receive the com-
bination of chemotherapy and antiangiogenic agents as 
the second-line treatment. One patient was treated with 
pembrolizumab. Further cancer-related therapy did not 
occur in the rest of the patients. All patients receiving 
imatinib as non-first-line treatment were chemotherapy 
refractory, and only a small proportion received different 
chemotherapy regiments again after disease progression. 
None of them received immunotherapy as the further 
treatment. As for those four patients with BRAF V600E 
mutation, two patients continued to receive vemurafenib 
treatment after disease progression, and the other two did 
not received any treatment. It can be seen that concomitant 

cancer therapies occurring before or after the imatinib 
treatment were limited to regular treatment regimens.

Adverse Events

The imatinib adverse event profile observed in our 
study was generally consistent with data observed in 
previous studies10,12,13. The most common adverse events 
were edema (50%), rash (18%), fatigue (9%), anorexia 
(7%), nausea (5%), and neutropenia (2%). Other adverse 
events included vomiting, psychiatric symptoms, and 
elevated ALT or AST, which occurred in a fraction of 
patients. However, adverse events were generally mild to 
moderate in severity and were easily managed by dose 

Figure 1.  Kaplan–Meier overall survival (OS) and progression-free survival (PFS) curves. (A) OS. (B) PFS.

Figure 2.  Kaplan–Meier OS curves for different subgroups. (A) Partial response (PR) and stable disease (SD) versus progressive 
disease (PD). (B) Exon 11 or 13 versus Other. (C) Multiple mutation versus single mutation or amplification. (D) M1a versus M1b 
versus M1c.
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reduction or supportive medical treatment. Imatinib treat-
ment was terminated in two patients (2.6%) due to the 
development of refractory serious pleural and pericar-
dial cavity effusion, and intolerable diarrhea. Another 
two patients had a reduced imatinib dosage as a result of 
diarrhea and skin rash. No treatment-related deaths were 
recorded.

DISCUSSION

With respect to the use of imatinib for the treatment 
of metastatic melanoma, there have been 10 registered 
clinical trials (https://clinicaltrials.gov/) conducted to 
date, exploring the efficacy or safety of imatinib with 
or without other agents. One clinical trial remains open 
for accrual with an estimated completion year of 2022.  

Six trials failed or were terminated due to intolerable tox-
icity or lack of clinical efficacy. Three of these 10 studies 
successfully demonstrated that patients with c-Kit muta-
tions can benefit from imatinib in the clinical practice.

In accordance with those reported results10,12,13, our 
findings show that patients with c-Kit mutations respond 
to imatinib therapy, further confirming the clinical effi-
cacy of imatinib based on a larger population. Carvajal 
et  al.’s study12 (trial 1) was a phase II, single-arm trial 
with a sample size of 28 patients who had advanced  
unresectable melanoma; Guo et al.’s trial10 (trial 2) was an 
open-label and single-arm trial with a total of 43 enrolled 
patients with metastatic melanoma; Hodi et al.’s trial13 
(trial 3) was designed as a phase II study and conducted 
in five sites in the US, and this trial enrolled a total of 

Figure 3.  Kaplan–Meier PFS curves for different subgroups. (A) Exon 11 or 13 versus Other. (B) Multiple mutations versus single 
mutation or amplification. (C) M1a versus M1b versus M1c.

Figure 4.  Cox regression results. (A) OS. (B) PFS. Variables for regression include M stages (M1a, M1b, M1c), primary sites (acral, 
mucosal, cutaneous, other subtypes), age, sex (male, female), and LDH level (>ULN, normal).
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25 patients. A mPFS of 4.2 months was observed in our 
study, longer than that in trial 1 to trial 3 [2.8 (time to pro-
gression, TTP), 3.5, 3.7 months (TTP)], but no dominant 
mOS was found (13.1 vs. 10.8, 12.5, 14.0 months, respec-
tively, in trial 1 to trial 3). A higher ORR was observed 
in our study compared with trial 1 (21.8% vs. 16%), but 
it was slightly lower than in trial 2 (23.3%) and trial 3 
(29%). We observed a higher DCR of 60.3%, an increase 
by nearly 17% than that of trials 2 and 3. One-year OS 
rate was demonstrated to be 55.1% longer than in previ-
ous trials.

In terms of the mutation status, the previous clinical 
studies observed that the clinical efficacy of imatinib was 
related to the specific mutation hotspot. c-Kit mutations 
are mainly located in exons 11, 13, and 17. Mutations pres-
ent in exon 11 or 13 may be more sensitive compared to 
other mutation types10,12,13. In our study, single exon muta-
tion of exon 11 or 13 accounted for 60.2% of the genetic 
alterations, of which the most frequent mutation hotspots 
were L576P and K642E (24.3%). The PFS and OS were 
slightly longer in patients with exon 11 or 13 mutations, 
with a better curative effect of imatinib, although this 
effect did not reach statistical significance. Compared 
with the previous study of trial 2, the difference of both 
mPFS and mOS between exon 11/13 mutation patients 
compared to patients with other types, multiple mutation 
patients versus others decreased slightly. However, there 
was still no statistical significance across different sub-
groups. Considering sample size and timeframe, a greater 
number of enrolled patients and a longer follow-up are 
required to observe a more accurate difference. The 
best response of two patients with NRAS mutation in 
this study was PR, consistent with the results of trial 3, 
which noted that the presence of NRAS mutations might 
be a likely cause for primary resistance to KIT targeting  
in some melanoma. However, further studies with larger 
sample size are needed to further explore the potential 
causal pathway.

Patients with gastrointestinal stromal tumors (GIST) 
are characterized by gain-of-function mutations in the Kit 
proto-oncogene, most commonly involving exon 11 and 
less frequently involving exon 915. Several clinical stud-
ies have shown that GIST patients with exon 9 mutation 
are able to derive clinical benefit from imatinib treatment 
(ORR: 34%–48%)16–18. In addition, trial 1 reported that 
the clinical efficacy rate of exons 9 and 13 mutations in 
patients with imatinib treatment was approximately 33%. 
Some studies also have found mutation in the juxtamem-
brane region to be linked to better prognosis when com-
pared with the kinase domain mutant cases19. In our study, 
the c-Kit mutation distribution shows a scattered pattern 
and that common mutations only comprise a small pro-
portion. These scattered mutations with lower frequen-
cies may be nonsense mutations, and they can be located 

in the kinase domain, which leads to the development of 
primary drug resistance.

To our knowledge, this study includes the largest 
number of metastatic melanoma patients with c-Kit aber-
rations. Other c-Kit inhibitors such as dasatinib and nilo-
tinib have been also investigated in clinical trials. Kluger 
et al.20 and Kalinsky et al.21 found that dasatinib was 
poorly tolerated and that the overall response rate among  
Kit+ melanoma patients was low (only 5%–18%). The 
proportion of partial response in those patients who 
received nilotinib treatment was also low22,23. Compared 
with other c-Kit inhibitors, imatinib therapy is associated 
with better clinical efficacy and safety profiles among 
melanoma patients.

In conclusion, our findings, combined with those  
studies targeting population with c-Kit alteration, provide 
further evidence for the role of imatinib as an important 
and promising therapeutic agent in metastatic melanoma 
patients with c-Kit genetic alterations.
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