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Abstract
Background The majority of GISTs express mutationally activated KIT. Imatinib and sunitinib are approved KIT-inhibiting 
therapies. Their efficacy is usually hampered by the acquired multiple secondary drug-resistance KIT mutations. The most 
problematic resistance subset is GISTs with acquisition of secondary mutations in the KIT activation loop. Here, we establish 
the spectrum of activity of dasatinib against a comprehensive collection of clinically relevant KIT mutants associated with 
drug-sensitive and drug-resistant GIST.
Methods The cellular and in vitro activities of tyrosine kinase inhibitors (TKIs) against mutant KIT were assessed using 
a panel of engineered and GIST-derived cell lines. The in vivo activities of dasatinib were determined using TKI-resistant 
xenograft models.
Results In engineered and GIST-derived cell lines, dasatinib potently inhibited KIT with primary mutations in exon 11 or 9 
and a range of secondary imatinib-resistant mutations in exons 13 and 14, encoding the ATP-binding pocket, and in exons 
17 and 18, encoding the activation loop, with the exception of a substitution at codon T670. Our data show that dasatinib 
is more potent than imatinib or sunitinib at inhibiting the activity of drug-resistant KIT mutants. Dasatinib also induces 
regression in GIST-derived xenograft models containing these secondary mutations. A major determinant of the efficacy of 
dasatinib for the treatment of advanced GIST is the activity of this inhibitor against KIT mutants.
Conclusion Dasatinib shows efficacy in cancer models, inhibiting a wide range of oncogenic primary and drug-resistant 
KIT mutants. These results have implications for the further development of dasatinib precision therapy in GIST patients.

Keywords Dasatinib · Gastrointestinal stromal tumors (GIST) · KIT · Sarcoma · Imatinib resistance

Introduction

Gastrointestinal stromal tumors (GISTs) are the most com-
mon type of sarcoma [1, 2]. Activating mutations of recep-
tor tyrosine kinase KIT are key to the pathogenesis of most 
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GISTs, with nearly 80% of GISTs expressing a mutation-
ally activated KIT receptor [1, 3]. KIT activation not only is 
essential to the initiation of GISTs but also plays an onco-
genic role in tumor maintenance [1, 4, 5]. Accordingly, KIT 
inhibition has profound effects on GIST viability, given 
that most GISTs depend upon continuous signaling through 
mutant constitutively activated KIT oncoprotein [6–10].

Imatinib mesylate, a tyrosine kinase inhibitor (TKI) 
with potent activity against the pathogenetic KIT kinase, 
has revolutionized GIST therapy and is currently used as a 
first-line treatment for metastatic or unresectable GIST [10, 
11]. Unfortunately, even those patients with dramatic initial 
clinical responses ultimately develop resistance to imatinib 
due to secondary, drug-resistant KIT mutations, resulting in 
disease progression after 1–3 years of continuous therapy 
[12–16]. Most cases of secondary resistance are associated 
with an acquired kinase mutation of the ATP-/drug-binding 
pocket, encoded by exons 13 and 14, or the kinase activa-
tion loop, encoded by exons 17 and 18, on the same allele 
(cis-conformation) as the primary KIT mutation [1, 13, 14, 
17]. The challenge of treating imatinib-refractory GISTs is 
embarrassed by resistant heterogeneity, as patients can con-
tain polyclonal secondary mutations in distinct tumors, or 
even within different regions of the same tumor [1, 17–19].

Sunitinib malate, another small-molecule TKI with 
selectivity for KIT and PDGFRA (platelet-derived growth 
factor receptor A) as well as PDGFRB, VEGFR-1 (vascu-
lar endothelial growth factor receptor-1), VEGFR-2, and 
VEGFR-3, is the standard second-line therapy in GIST 
patients who were refractory to imatinib or were intoler-
ant of imatinib [7, 14, 17]. Unfortunately, the median PFS 
(progression-free survival) with sunitinib is approximately 
half a year [8, 14]. KIT genotyping studies have indicated 
that sunitinib suppresses KIT ATP-binding pocket muta-
tions (i.e. V654A and T670I, which are resistant to imatinib 
and sensitive to sunitinib), but has no effect against KIT 
activation loop mutations (i.e. N822K or Y823D, which are 
resistant to both imatinib and sunitinib) [14, 17]. Similarly, 
regorafenib, another multitargeted KIT kinase inhibitor, is 
a US Food and Drug Administration (FDA)-approved third-
line treatment for GIST. Regorafenib treatment offers mod-
est clinical benefit in imatinib-/sunitinib-refractory patients 
have progressed on imatinib and sunitinib with a median 
PFS less than half a year [8]. A few imatinib-resistant muta-
tions also lead to sunitinib and regorafenib cross-resistant, 
thereby explaining the short PFS with second-line sunitinib 
and third-line regorafenib [1, 12, 17]. Currently, the presence 
of these polyclonal mutations confines the overall survival 
(OS) of advanced GIST patients.

Dasatinib is a dual SRC/BCR-ABL kinase inhibi-
tor that inhibits other kinase activities, including KIT 
[20–23]. Dasatinib is currently in clinical use for the treat-
ment of chronic myelogenous leukemia (CML) and acute 

lymphoblastic leukemia [21, 24]. Recently, dasatinib has 
been tested in the third-/fourth-line or even first-line set-
ting in GIST, yielding promising results in phase II studies 
[25, 26]. Schuetze and colleagues reported a clinical trial of 
dasatinib for advanced GIST resistant to imatinib, where it 
showed antitumor activity in a subset of imatinib-refractory 
GIST patients. However, the correlation of GIST genotype 
and dasatinib response/resistance phenotype in the clinical 
study was unclear [25].

To dissect the molecular mechanisms responsible for 
dasatinib activity against TKI-sensitive and TKI-resistant 
GIST, we explored the agent against a comprehensive col-
lection of clinically relevant KIT primary and resistance 
mutants expressed by transiently transfected cells. For 
comparison, we also investigated the efficacy of imatinib 
and sunitinib in the same experiments. To further verify 
our findings, we performed head-to-head comparisons of 
imatinib, sunitinib, and dasatinib in various cell models. 
Finally, we employed TKI-sensitive and TKI-resistant GIST 
cell lines and GIST xenograft models to further corroborate 
our results.

Materials and methods

Reagents and antibodies

For in vitro cell culture studies, dasatinib, imatinib, and 
sunitinib were dissolved with dimethyl sulfoxide (DMSO), 
DMSO and phosphate-buffered saline (PBS), respectively. 
For in vivo animal studies, dasatinib was dissolved in 80 mM 
citrate buffer (pH 3.1). Imatinib and sunitinib were dissolved 
in saline. Primary antibodies were p-KITY721 (Cell Signaling 
Technology (CST), #3391), KIT (Dako, A4502), p-AKT-
Ser473 (CST, #9271), AKT (CST, #9272), p-MAPKThr202/

Tyr204 (CST, #9101), MAPK (CST, #9102) and GAPDH 
(Sigma, G8795).

Mouse GIST xenografts

Female BALB/c nude mice (5–6 weeks old; weight 18–25 g) 
were obtained from Shanghai Lingchang BioTech Co. Ltd, 
PR.China. All animals were maintained in the specific 
pathogen-free (SPF) facility of Shanghai Institutes for Bio-
logical Sciences, Chinese Academy of Sciences according 
to the international, national and institutional guidelines 
for humane animal treatment and complied with relevant 
legislation. The mouse studies were approved by the Insti-
tutional Animal Care and Use Committee (IACUC) of 
the Shanghai Institutes for Biological Sciences (Approval 
number SIBS-2017-WYX-1). All mice were acclimatized 
for at least 7 days before initiation of study. The labora-
tory mice had free access to food, water and enrichment. 
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The temperature, humidity, light cycle, and cage size were 
according to laboratory mouse guidelines and regulations. 
The mice were housed 3–5 mice per cage. Prior to implanta-
tion, GIST cells were harvested during exponential growth. 
Cells (3 × 106) in PBS were formulated as a 1:1 mixture 
with Matrigel (BD Biosciences) and were subcutaneously 
injected into 5–6-week-old female BALB/c nude mice. The 
resulting tumors were measured once per 4 days. Tumor 
volume was calculated using the formula: tumor volume 
 (mm3) = [(W2 × L)/2] in which width (W) is defined as the 
smaller of the two measurements and length (L) is defined 
as the larger of the two measurements. When the average 
tumor volume reached approximately 75 mm3, the mice were 
randomized into treatment groups with five mice per group. 
Mice were treated twice daily by oral gavage with compound 
or vehicle for 16 days. For animal studies, dasatinib was 
formulated in 80 mM citrate buffer (pH 3.1). Imatinib and 
sunitinib were dissolved in saline. Tumor volume was used 
to evaluate antitumor activity.

Statistical analyses

Statistical analyses were performed using GraphPad Prism 6 
software (GraphPad Software Inc., La Jolla, CA, USA). The 
difference between two groups was analyzed by paired-sam-
ple t test. Data are presented as mean ± standard deviation 
(SD). Differences between groups were assessed by a paired 
t test and accepted as significant at p < 0.05. Significance is 
indicated by asterisk. *p < 0.05, **p < 0.01, ***p < 0.001.

Results

Comparative biochemical activity of dasatinib 
versus imatinib or sunitinib for inhibiting KIT 
activity in HEK293T transient transfection cells

To evaluate the spectrum of activity of dasatinib against KIT 
mutants found in GIST patients, we profiled dasatinib bio-
chemically against a comprehensive panel of KIT primary 
and acquired resistance mutants. We initially tested the effi-
cacy of dasatinib against the most common KIT mutants 
identified in GIST, namely, KIT exon 11 mutants and KIT 
exon 9 mutants, using an isogenic, HEK293T transient trans-
fection model. We started with the representative KIT exon 
11 V559D as a primary mutation, because this missense 
mutation is one of the most frequent juxtamembrane domain 
aberrations identified in GIST. Similarly, the KIT exon 9 
A502_Y503dup mutation is the most common extracellu-
lar domain (exon 9) mutation found in GIST. Imatinib and 
sunitinib were used as the comparator TKIs.

Dasatinib suppressed the KIT exon 11 V559D 
kinase, with an  IC50 of < 100  nmol∕L (Fig.  1a, 

Supplementary Table 1), making it comparable to imatinib 
 (IC50 = 110 nmol∕L ) and sunitinib  (IC50 = 480 nmol∕L ). 
The biochemical activity of dasatinib for inhibiting the 
KIT exon 9 A502_Y503dup kinase was more potent than 
imatinib, with an  IC50 of less than 100 nmol∕L , whereas 
the  IC50 for imatinib was 250 nmol∕L (Fig. 1i, Supple-
mentary Table 1). Sunitinib had similar potency against 
this mutant  (IC50 < 100 nmol∕L ) (Fig. 1i, Supplementary 
Table 1).

The effect of secondary drug-resistant mutations on 
each TKI was next evaluated in the KIT exon 11 V559D 
backbone. All the reported KIT amino acid residues 
at which substitutions cause imatinib resistance were 
evaluated. Imatinib potency was dramatically decreased 
in the presence of secondary ATP-binding pocket (i.e. 
V654A encoded by exon 13 and T670I encoded by exon 
14) and activation loop (A-loop) mutants (i.e. D816H, 
D820A, N822K, Y823D and A829P encoded by exons 
17 and 18), with  IC50 values ranging from 500 to more 
than 5000 nmol∕L (Fig. 1b–h, Supplementary Table 1). 
Sunitinib effectively overcame the ATP-binding pocket, 
but not the A-loop mutants, as expected. The  IC50 for 
sunitinib against exon 11 mutant with secondary V654A, 
T670I, D816H, D820A, N822K, Y823D, or A829P 
mutations was 480, 320, > 5000, > 5000, > 5000, > 500
0, and > 5000 nmol∕L , respectively (Fig. 1b–h, Supple-
mentary Table 1). On the contrary, secondary mutations 
within the A-loop and the V654A mutation were sensitive 
to dasatinib. The  IC50 for dasatinib against exon 11 mutant 
with secondary D816H, D820A, N822K, Y823D, A829P, 
or V654A mutations was 100, < 100, 110, 200, < 100 and 
450 nmol∕L , respectively (Fig. 1b, d–h, Supplementary 
Table 1). However, dasatinib had no activity against the 
gatekeeper (T670I) mutant  (IC50 values > 5000 nmol∕L ) 
(Fig. 1c, Supplementary Table 1).

A-loop mutants are most problematic in GIST targeted 
therapy. To extend the above assessment, the effects of 
the N822K secondary mutation were further profiled in 
the exon 9 A502_Y503dup primary mutation backbone. 
Although some KIT exon 9-mutant GISTs show primary 
resistance to imatinib, in a few patients, secondary imatinib 
resistance develops through the acquisition of KIT muta-
tions that are identical to those seen in imatinib-resistant 
tumors with KIT primary exon 11 mutations. We explored 
the potency of dasatinib against KIT exon 9-mutant kinases 
with a secondary N822K mutation and found  IC50 value 
of 200 nmol∕L . The  IC50 values for imatinib and sunitinib 
against exon 9-mutant kinases with secondary N822K muta-
tions were > 5000 nmol∕L for both (Fig. 1j, Supplementary 
Table 1). The relative comparison of the efficacy of the three 
TKIs (dasatinib versus imatinib and sunitinib) against vari-
ous KIT mutants, including primary alone as well as primary 
with secondary mutants, is shown in Supplementary Table 1.
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Fig. 1  Comparative biochemi-
cal activity of dasatinib versus 
imatinib/sunitinib for inhibit-
ing KIT activity in transiently 
transfected cells. HEK293 cells 
were transiently transfected, and 
protein lysates from trans-
fected cells were prepared and 
subjected to western blotting 
using phospho-KIT or total KIT 
antibody. Representative results 
for the comparative activity of 
dasatinib, imatinib, or sunitinib 
for inhibiting an isolated KIT 
exon 11 mutant (V559D) (a), 
an isolated KIT exon 9 mutant 
(A502_Y503dup) (i), or 
compound mutations of V559D 
(b–h) or A502_Y503dup (j) 
with a secondary imatinib-
resistance mutation (V654A, 
T670I, D816H, D820A, N822K, 
Y823D, or A829P) are shown. 
The heterogeneous secondary 
resistance mutations in exons 17 
and 18, encoding the activation 
loop, are uniformly sensitive to 
dasatinib in vitro
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Potency of dasatinib versus imatinib or sunitinib 
for inhibition of the KIT oncoprotein and KIT 
signaling pathways in a GIST cell context

To further confirm the above findings in a GIST cell con-
text, we utilized GIST cell lines to assess the biochemical 
activity of dasatinib for inhibiting the KIT oncoprotein 
and KIT signaling pathways. Dasatinib was investigated 
against a panel of GIST cell lines with various KIT primary 
and secondary mutations (Supplementary Table 2). These 
included three imatinib-sensitive cell lines (GIST430, 
GIST-T1 and GIST882), one imatinib-resistant cell line 
(GIST430/654, with secondary V654A mutation), and one 
multiple TKI-resistant cell line (GIST48, with secondary 
D820A mutation).

The ability of dasatinib to inhibit KIT signaling 
was assessed in the three imatinib-sensitive cell lines 
(GIST430, GIST-T1, and GIST882). In agreement with 
our data against the exon 11 V559D mutant expressed in 
HEK293T cells, dasatinib had equal potency against the 
KIT exon 11 mutant GIST-T1 and GIST430 cells and exon 
13-mutant GIST882 cells, with phospho-KIT inhibition 
 IC50 values of 5, 25 and 25 nmol/L, respectively (Table 1, 
Fig. 2a–c). The imatinib  IC50 for these cell lines was 50, 
50 and 100 nmol/L, respectively, which indicated that 
the potency of dasatinib was better than that of imatinib. 
In addition, dasatinib was potent at inhibiting activa-
tion of the KIT-dependent signaling pathway, as tested 
by downregulation of downstream signaling molecules 
phospho-MAPK (T202/Y204) and phospho-AKT (S473) 
(Fig. 2a–c).

The GIST430/654 cell line, established from a GIST 
patient refractory to imatinib, harbors the primary KIT 
exon 11 mutation (V560_L576del) and the secondary 
exon 13 V654A missense mutation [27]. The  IC50 for 
imatinib was > 500 nmol/L. As anticipated, this concen-
tration was 0-fold higher than that necessary to suppress 
exon 11 mutant oncoprotein in the GIST-T1 cells. On the 
contrary, dasatinib was a significantly more potent agent 
of the KIT mutant in GIST430/654 cells, with an  IC50 
of 200 nmol/L. Consistent with the above data, dasatinib 
shows more effective than imatinib for the suppression of 
phospho-MAPK and phospho-AKT (Fig. 2d).

The GIST48 cell line, also established from a GIST 
patient refractory to imatinib, contains the primary KIT 
exon 11 mutation (V560D) mutation and the secondary 
exon 17 D820A missense mutation [27]. The imatinib  IC50 
for GIST48 was > 500 nmol/L. In contrast, dasatinib was 
substantially more effective than imatinib, with an  IC50 of 
100 nmol/L. Likewise, dasatinib treatment was significantly 
more potent than imatinib at suppressing phosphorylation of 
MAPK and AKT (Fig. 2e).

Dasatinib inhibits proliferation in KIT‑driven GIST 
cell lines

Dasatinib was explored against a panel of GIST cell lines 
with various primary KIT mutations and imatinib-resistance 
mutations (Supplementary Table 2). Dasatinib was demon-
strated to decrease proliferation of all imatinib-sensitive 
(GIST430, GIST-T1, and GIST882), imatinib-resistant 
(GIST430/654), and multiple TKI-resistant (GIST48) cell 
lines with superior potencies (Fig. 3a–e, Supplementary 
Table 2), which correlate well with the  IC50 values deter-
mined by biochemical inhibition of the KIT kinase for these 
cell lines. No suppression was evidenced observed in the 
KIT-negative/independent GIST cell line (GIST48B), con-
firming that the major determinant of the efficacy of dasat-
inib for the treatment of GIST is the inhibition of this drug 
against oncogenic KIT mutants (Fig. 3f).

Dasatinib substantially abrogates the growth 
of both imatinib‑resistant and multiple 
TKI‑refractory GIST xenograft models

Using a GIST xenograft from GIST48 cells harboring KIT 
exons 11/17 (V560D/D820A) genomic aberrations, we 
assessed the antitumor effects of dasatinib. As expected, 
this xenograft model was refractory to imatinib (Fig. 4a). 
The results correlates well with the clinical observations, 
because patients with this KIT exons 11/17 aberrations 
often show resistance to imatinib and sunitinib therapies. 
In contrast, dasatinib at doses of 30 mg/kg led to GIST 
regression and was well tolerated (Fig. 4a). Finally, another 
GIST xenograft model from GIST430/654 cells harboring 
the exons 11/13 (V560_L576del/V654A) double alterations 

Table 1  IC50 values (nM) 
of dasatinib versus imatinib 
or sunitinib for inhibition of 
KIT kinase and activation of 
downstream signaling pathways 
in GIST cell lines

Cell lines Primary KIT mutation Secondary KIT mutation Imatinib Sunitinib Dasatinib

GIST-T1 Exon 11: V560_Y578del None 50 10 5
GIST430 Exon 11: V560_L576del None 50 100 25
GIST882 Exon 13: K642E None 100 100 25
GIST430/654 Exon 11: V560_L576del Exon 13: V654A > 500 100 200
GIST48 Exon 11: V560D Exon 17: D820A > 500 200 100
GIST48B Exon 11: V560D Exon 17: D820A > 500 > 500 > 500
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Fig. 2  Comparative activity of dasatinib versus imatinib/sunitinib 
for inhibition of the KIT kinase and activation of downstream sign-
aling pathways in GIST cell lines. GIST cell lines were treated with 
dasatinib or imatinib/sunitinib for 4  h and then harvested for pro-
tein lysates. Whole-cell lysates were immunoblotted, and the mem-

brane was probed with antibodies to activated (p-KIT, p-AKT, and 
p-MAPK) and total forms of KIT, AKT, and MAPK. The bottom 
frame contains the results for GAPDH, which was used as a loading 
control
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was investigated. Imatinib showed no effect on this xeno-
graft model as anticipated (Fig. 4b). Dasatinib at the dose 
of 30 mg/kg caused substantially GIST regression (Fig. 4b). 
These results confirm the in vivo antitumor activity of dasat-
inib against KIT ATP-binding pocket and A-loop mutants, 
revealing broad activity of dasatinib across the clinically 
associated KIT mutational spectrum identified in patients.

Discussion

GISTs are life threatening in unresectable or metastatic 
patients. In many patients with advanced GISTs resistant 
to imatinib, second-line sunitinib and third-line regorafenib 

therapies manifest limited disease control; hence, more 
meaningful treatments are urgently needed for most patients 
[1, 5, 12].

Treatment outcomes and principles for patients with 
GIST and CML share many important features. Both can-
cers are initiated by “driver” kinase with KIT for GIST and 
BCR-ABL for CML. Front-line therapy with the KIT/BCR-
ABL inhibitor imatinib causes high response rates. Acquired 
resistance to TKI in both cancers most commonly involves 
point mutations in the original kinase target [27]. In CML, 
several potent BCR-ABL inhibitors, such as nilotinib and 
dasatinib, have been developed that can be effective thera-
pies for patients’ refractory to imatinib [23, 27–29]. These 
inhibitors also cause higher response rates than imatinib 
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Fig. 3  Cell Titer-Glo ATP-based proliferation assays in imatinib-sen-
sitive (GIST-T1, GIST430 and GIST882) (a–c) and imatinib-resistant 
GIST cell lines (GIST430/654 and GIST48) (d, e) after treatment 
with dasatinib versus imatinib/sunitinib. All cells were assessed after 
3 or 6  days of treatment, with the data normalized to DMSO-only 

controls. Little activity was observed in the KIT-negative/independent 
GIST cell line (GIST48B) (f), confirming that the major determinant 
of the efficacy of dasatinib for the treatment of advanced GIST is the 
activity of this agent against KIT mutants
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even in the first-line setting [29, 30] and induce a narrower 
spectrum of secondary drug-resistance mutants [31]. Strik-
ingly, these properties were predicted by preclinical inves-
tigations that demonstrated the superior potency of these 
drugs over imatinib and their ability to suppress many KIT 
mutants [32].

Given the potential toxicities and the highly variable 
response to TKIs, as well as the significant economic cost 
of these agents, there is an urgent need for genomic informa-
tion that can predict TKI response. Limited studies of the 
potency of dasatinib against KIT mutants associated with 
drug resistance has been performed so far [33, 34]. Specifi-
cally, dasatinib has only been assessed against the D816 KIT 
secondary mutations [33]. These D816 mutations are quite 
rare in GIST but are identified in > 90% of patients with sys-
temic mastocytosis [33, 35]. GIST patients with diseases 
associated with KIT activation loop mutant kinase have had 
few meaningful treatment options. Dasatinib exhibits uni-
form activity in all the KIT activation loop mutants tested in 
our studies, suggesting that dasatinib may be able to prevent 
the emergence of the imatinib-/sunitinib-resistant activation 
loop mutants.

Dasatinib has a broader spectrum of activity against 
drug-resistant KIT mutations than imatinib or sunitinib, 
thus accounting for the superior potency of dasatinib in the 
treatment of patients’ refractory to imatinib or sunitinib. 
Employing an isogenic model to express isolated or com-
pound KIT mutations, we assessed the  IC50 activity of dasat-
inib across a large panel of clinically associated mutants. 
Dasatinib is a potent inhibitor of KIT exon 11-/9-mutant 
kinases with a potency that was equal to or greater than that 
of imatinib/sunitinib (see Fig. 5a, Supplementary Table 1 for 

comparative  IC50 activity). Dasatinib is substantially more 
potent than imatinib against the KIT kinase with a secondary 
mutation of the ATP-binding pocket (V654A) and would be 
expected to be clinically effective against this mutation. In 
contrast, this dasatinib-sensitive V654A mutant is resistant 
to regorafenib (Fig. 5b). Dasatinib is also potent against sec-
ondary KIT mutations involving the activation loop. Among 
the three inhibitors that we tested, dasatinib had the broadest 
spectrum of activity against drug-resistant mutants (Sup-
plementary Table 1 for comparative  IC50 activity, Fig. 5b).

In imatinib-refractory GISTs, the frequency of ATP-
binding pocket and activation loop mutations is almost 
equal [1, 17]. What is more, any given patients usually have 
multiple TKI-resistant lesions, and these tumors can harbor 
different resistant mutations [17–19]. Hence, sunitinib may 
only inhibit approximately half of the tumors in any indi-
vidual patient (i.e., the lesions with secondary mutations in 
the ATP-binding pocket). Based on our data, dasatinib was 
predicted to have efficacy against the majority of imatinib-
resistant GISTs, with the exception of those tumors with 
a secondary mutation of KIT codon 670, which accounts 
for approximately 10% of imatinib refractory GISTs, show-
ing sensitive to regorafenib (Fig. 5b). Therefore, our studies 
show that dasatinib is a more potent TKI for second-line 
therapy of imatinib-refractory GISTs than the current stand-
ard drug, sunitinib. This prediction is also evidenced by the 
recently reported clinical activity of dasatinib in the third-/
fourth-line setting, which is comparable with that seen with 
the standard second-line sunitinib setting.

Dasatinib is a multitargeted kinase inhibitor of KIT, 
PDGFRA, SRC, BCR-ABL. The role of SRC has been 
most extensively characterized in colorectal cancer, and 
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many experiments have demonstrated that increased SRC 
activity is associated with tumor progression, advanced 
stage of disease, poor prognosis and poor overall survival 
[22, 36, 37]. Rotert et al. reported that SRC activity is 
increased in GIST compared with normal tissue on a small 
number of patients (29 patients) study. In contrast to most 
other tumor entities, SRC activity in GIST does not cor-
relate with poor clinical outcome, but decreases during the 
progression from primary tumor to recurrence and metas-
tasis [38]. SRC activity is associated with longer overall 
survival in GIST [38]. These observations support the 
hypothesis that elevated SRC activity seems not an onco-
genic driver to promote GIST progression. To completely 
understand the role of SRC in GIST and the molecular 
mechanisms behind their clinical behavior, further studies 
are warranted.

In conclusion, we build the spectrum of activity of dasat-
inib against different KIT mutants associated with drug-sen-
sitive and drug-resistant GIST. Dasatinib exhibits uniform 
activity in the KIT activation loop mutants, while there is 
no activity against the KIT T670I gatekeeper mutant. These 
results have implications for the further development of 
dasatinib precision therapy in GIST patients.
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regorafenib was retrieved from 
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