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Imatinib efficacy by tumor genotype in Korean patients with
advanced gastrointestinal stromal tumors (GIST): The Korean
GIST Study Group (KGSG) study
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Abstract

Purpose. To assess the efficacy of imatinib for different tumor genotypes in Korean patients with advanced gastrointestinal
stromal tumors (GIST). Material and methods. Clinical data were collected from 370 consecutive patients with locally
advanced unresectable, metastatic, or recurrent GIST treated with imatinib 400 mg/day between August 2001 and Decem-
ber 2007 at 20 Korean institutions. Tumor genotypes were determined for 290 patients by direct DNA sequencing of KIT
exons 9, 11, 13, and 17, and PDGFRA exons 12, 14, and 18. Results. Of 290 patients assessed for genotype, 261 (90.0%)
had mutations in KIT: 222 (76.6%) in exon 11, 35 (12.1%) in exon 9 and two each (0.7%) for exons 13 and 17. Four
patients (1.4%) had mutations in the PDGFRA gene: one in exon 12, and three in exon 18. Twenty-five patients (8.6%)
had no detectable mutations. The best responses of the 235 patients with measurable lesions were: 15 complete response
(6.4%), 126 partial response (53.5%), 86 stable disease (36.6%), and eight progressive disease (3.4%). Patients with KIT
exon 9 mutations, compared with patients with KIT exon 11 mutations, had a lower objective response rate (36.7% vs.
63.6%, p = 0.007) and a shorter progression-free survival (median 28.7 months vs. 49.4 months, p = 0.001). No statistical
difference in overall survival was observed between these genotypes. Conclusion. This study confirms that imatinib efficacy
is dependent on genotype in Korean GIST patients, consistent with results demonstrated by Western patients with GIST.
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Gastrointestinal stromal tumors (GIST) are mesen-
chymal neoplasms that arise mainly in the gastroin-
testinal tract wall, and are characterized by the
expression of the receptor tyrosine kinase (RTK)
KIT (CD117) [1,2]. Activating mutations of KIT are
present in up to 92% of GIST, and these mutations
are likely to play a fundamental role in the develop-
ment of these tumors [3-10]. For GIST with no
detectable KIT mutations, activating mutations of
the RTK platelet-derived growth factor receptor
alpha (PDGFRA) have also been identified [11,12].
Furthermore, a subset of GIST possesses no detect-
able mutations in either RTK [11,12].

Imatinib mesylate (Glivec®/Gleevec®, Novartis
Pharma AG, Basel, Switzerland) is a competitive
inhibitor of the RTKs BCR-ABL, ARG, KIT, PDG-
FRA, and PDGFRB [13-16].The activity of imatinib
in GIST was initially demonstrated in a single-patient
pilot study of a heavily pretreated patient with bulky
advanced-stage metastatic GIST [17]. Thereafter,
results from the US-Finland B2222 Phase II study
confirmed that imatinib was safe and effective at
doses of 400 mg and 600 mg daily, and led to imatinib
being widely accepted as standard first-line treatment
for patients with advanced GIST [18,19]. Further
analysis from the B2222 study by Heinrich and col-
leagues revealed that the efficacy of imatinib was
dependent on GIST primary genotype, that is patients
with KIT exon 11 mutations had a higher objective
response rate compared with patients with KIT exon
9 mutations (83.5% vs. 47.8%, p = 0.0006) [20].

Two large-scale, randomized, Phase III trials
(European Organization for Research and Treatment
of Cancer [EORTC] 62005 and Southwest Oncol-
ogy Group [SWOG] S0033) were subsequently initi-
ated to compare the clinical benefits of high-dose
[800 mg daily (400 mg twice daily)] to standard-dose
imatinib (400 mg daily) [21,22]. In the EORTC
62005 trial, a significant improvement in progression-
free survival (PFS) was initially observed for patients
administered imatinib 800 mg/day [22]. However, the
difference observed for PFS between the two dose
groups became statistically insignificant with longer
follow-up, and no differences in PFS were observed
in the SWOG S0033 trial [21,23]. Moreover, no sig-
nificant differences in objective response or disease
control rates (DCRs; defined as percentage of patients
with an objective response or stable disease) were
observed between the two dose groups in either the
EORTC 62005 or SWOG S0033 trial.

Although no significant differences in PFS were
observed between the dose groups overall, a suba-
nalysis from the EORTC 62005 trial revealed that
patients with KIT exon 9 mutations had superior
PFS when initially treated with high-dose imatinib
[24]. A pooled meta-analysis of the SWOG S0033

and EORTC 62005 trials (MetaGIST) further
revealed that the estimated risk of progression or
death was reduced by 42% in the high-dose cohort
compared with the standard dose cohort (p = 0.017,
Wald test) for patients with KIT exon 9 mutations
[25]. These results spurred the European Society for
Medical Oncology and the National Comprehensive
Cancer Network to update their guidelines to include
the use of high-dose imatinib in patients with KIT
exon 9 mutations; this development represented the
first major incorporation of mutational status in
treatment decision making for GIST [26,27].

To date, no large-scale prospective studies have
compared the clinical benefit of imatinib treatment for
different GIST genotypes in Asian patients [28-30].
However, in two small retrospective studies of ima-
tinib-treated Korean and Taiwanese patients with
GIST, no significant differences were observed in
clinical outcomes with regard to primary genotype
[response rates, PFS, and overall survival (OS)]
[29,30]. Genotype-specific differences in the efficacy
of imatinib may not have been observed due to the
small sample sizes in these studies and/or potentially
higher imatinib plasma levels in Asian patients com-
pared with Western patients as a result of a smaller
body size. Therefore, to further investigate if treat-
ment outcome is dependent on tumor genotype in
Asian patients with GIST, we initiated a large retro-
spective analysis that evaluated whether a potential
relationship between clinical response and genotype
exists in a cohort of consecutive Korean patients with
advanced GIST who were treated with imatinib.

Material and methods
Patients

This retrospective study collected clinical data from
370 patients administered imatinib 400 mg daily for
the treatment of locally advanced unresectable, met-
astatic, or recurrent GIST from August 2001 to
December 2007 at 20 institutions in Korea. The
study protocol was approved by the institutional
review board of each participating institution.
Patients with confirmed KIT expression (KIT") by
immunohistochemical staining (IHC; A4502;
DAKO, Glostrup, Denmark) and KIT-negative
(KIT™) patients who did not express KIT but were
clinically and histologically confirmed to have GIST
and were negative for desmin and S-100 by IHC
were included in the study. Unfortunately, 80 of the
370 patients were excluded from the final analysis
because paraffin-embedded tumor specimens were
not available, genomic DNA extraction from speci-
mens failed, or the amount of DNA extracted was
inadequate for genotype determination.
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Patients were evaluated every three months by
computed tomography (CT). Both objective response
and progressive disease (PD) were radiologically
assessed with respect to lesion size by Response Eval-
uation Criteria In Solid Tumors (RECIST) [31].
However, an increase in the sum of greatest diame-
ters of target lesions, which corresponds to PD by
RECIST, was not regarded as such when accompa-
nied by definite cystic changes suggestive of necrosis
[32]. In addition, the development of new, small cys-
tic lesions in the liver during early imatinib treatment
was not regarded as PD [33]. In contrast, detection
of a new enhancing nodule within a mass without
change in overall tumor size, so called “nodule in
nodule”, was considered as PD even though RECIST
was not met [34]. Three medical oncologists (Min-
Hee Ryu, Byung Woog Kang, Yoon Hee Choi) with
considerable experience of GIST, assessed best over-
all response and PD for all study patients using the
above mentioned response criteria, and indepen-
dently reviewed CT images, excluding those from
their own centers.

Analysis of KIT and PDGFRA mutations

Genotyping was performed centrally at five centers:
the Asan Medical Center, Chonnam National Uni-
versity Hospital, Kyungpook National University
Hospital, the Samsung Medical Center, and Seoul
National University Hospital. Amplification (by
polymerase chain reaction), and direct DNA sequenc-
ing of KIT exons 9, 11, 13, and 17, and PDFGRA
exons 12, 14, and 18 were performed according to
previously described procedures [35,36]. Mutational
analysis for KIT exon 11 was performed in all cases.
Patient samples negative for exon 11 mutations were
subsequently analyzed for KIT exons 9, 13, and 17
and PDGFRA exons 12, 14, and 18. The order in
which these exons were sequenced was dependent on
the primary tumor site.

When no mutations were detected, or unknown,
double, or unusual mutations were identified, muta-
tional analysis was repeated at one of the other four
centers.

Statistical analyses

Statistical analysis was performed using the y? test
or Fisher’s exact test for the comparison of means,
and the binary logistic regression test was used to
assess the relationship between tumor genotype and
imatinib response. Co-factors investigated in the
analysis included age, gender, Eastern Cooperative
Oncology Group (ECOG) performance status, body
surface area, primary site of tumor, tumor size, base-
line laboratory parameters, and tumor genotype. All

statistical tests were two-sided. PFS was measured
from the first day of imatinib treatment to disease
progression or death due to any cause. OS was mea-
sured from the first day of imatinib treatment to
death due to any cause. Patients still alive and pro-
gression free at the time of analysis (30 September
2010) were censored at their last follow-up dates.
Kaplan-Meier analysis was used to construct survival
curves, which were compared using the log-rank test.
Multivariate analysis was performed by Cox propor-
tional hazards regression modeling. P-values of
<0.05 were considered statistically significant.

Results
Characteristics of patients

The baseline characteristics of the 290 patients
assessed for PFS by tumor genotype are summarized
in Table I. Median patient age was 60 years (range
24-82 years). The most common primary sites were

Table I. Patients’ characteristics and tumor genotypes (n = 290).

Characteristic No. %

Age (years)

Median 60

Range 24-82
Gender

Male 163 43.8

Female 127 56.2
ECOG Performance status

0-1 256 88.3

2-3 26 9.0

Unknown 8 2.8
Disease status at start of imatinib

Locally advanced unresectable 8 3.8

Metastatic 132 45.5

Recurrent 150 51.7
Primary tumor site

Stomach 100 34.5

Small intestine 152 52.4

Colorectum 20 6.9

Extra-gastrointestinal 13 4.5

Unknown 5 1.7
Metastatic site

Liver 175 60.3

Peritoneum 122 42.1

Lymph node 9 3.1
KIT mutation

Exon 11 222 76.6

Exon 9 35 12.1

Exon 13 2 0.7

Exon 17 2 0.7
PDGFRA mutation

Exon 12 1 0.3

Exon 14 0 0

Exon 18 3 1.0
No mutation (wild type) 25 8.6

ECOG, Eastern Cooperative Oncology Group.
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the small intestine (52.4%) and stomach (34.5%).
The most common sites of metastasis were the liver
(60.3%) and peritoneum (42.1%).

Genorype analysis

We identified KIT or PDGFRA-activating mutations
in 265 of 290 (91.4%) of all analyzed patients. Of
these 290 patients, 261 (90.0%) had mutations in
KIT, with 222 (76.6%) in exon 11; 35 (12.1%) in
exon 9; and two each (0.7%) for exons 13 and 17
(Table I).

The most common type of KIT exon 11 muta-
tions were deletions (151 of 222, 68.0%), followed
by substitutions (33, 14.9%), complex-type muta-
tions (31, 14.0%), and insertions (7, 3.1%). Most
KIT exon 11 deletion mutations occurred between
codons 550 and 570 (the most commonly involved
codons were 557-558). Isolated single-point muta-
tions in KIT exon 11 occurred most frequently in
codon 559 (Appendix Table I, online only).

The most common KIT exon 9 mutations were
AY 502-503 duplications (31 of 35 patients). The
remaining KIT exon 9 mutations were duplications
of codons 506-508 (2), and deletion mutations
(KHNGT484-488T; 2) identical to mutations pre-
viously described [37,38].

Substitutions of K642E were found in both cases
of GIST with mutations in KIT exon 13. The two
cases of GIST with mutations in KIT exon 17 were
AT794T and G812D point mutations. Four patients
(1.4%) harbored mutations in the PDGFRA gene.
One patient had a D583N point mutation in PDG-
FRA exon 12. The mutations found in PDGFRA
exon 18 were two cases of substitutions of D842V
and one case of deletion mutation of codon 842.
Twenty-five patients (8.6%) had no detectable muta-
tion in the KIT or PDGFRA gene [referred to here-
after as wild type (WT)].

Response to imatinib by genorype

Response assessments by RECIST to imatinib 400
mg/day were made for 235 of the 290 patients with
a determined genotype; 55 patients were not evalu-
able due to resection of metastatic disease or posses-
sion of target lesions too small to quantify. There
were 15 complete responses (CRs; 6.4%), 126 partial
responses (PRs; 53.6%), 86 patients with stable dis-
ease (SDj; 36.6%), and eight with PD (3.4%), result-
ing in an overall response rate (ORR) of 60.0% [95%
confidence interval (CI): 53.7%-66.3%]. Moreover,
the DCR in this study was 96.6% (227 of 235),
including 86 SDs (36.6%). Median time to best
response was 2.9 months (range 1.0-59.0 months).
Median duration of response was 27.3 months (range

2.0-88.2 months). As shown in Table II, ORR
associated with imatinib 400 mg/day was 63.6% (112
of 176) in patients with KIT exon 11 mutations,
36.7% (11 of 30) in those with KIT exon 9 muta-
tions, and 69.6% (16 of 23) in those with WT GIST.
Stepwise logistical regression analysis was performed
to identify clinical factors that predict disease control
(i.e. CR/PR/SD at 24 weeks from start of treatment)
or an objective response to imatinib. The following
clinical factors were included in the analysis: age,
gender, performance status, body surface area, pri-
mary site of tumor, tumor size, baseline laboratory
parameters, and tumor genotype. Tumor genotype
was found to be the only significant predictor of
response. Patients with GIST harboring KIT exon
11 mutation were more likely to respond to imatinib
therapy than those with KIT exon 9 mutations (in
terms of ORR, 63.6% vs. 36.7%, respectively;
p = 0.007) (Appendix Table II, online only).

Of the 30 patients with KIT exon 9 mutations
evaluable for response, ORR was 37.9% (11 of 27)
in patients with AY 502-503 duplications and no
with other than AY 502-503 duplications in KIT
exon 9 responded to imatinib (There were three
SDs). However, this difference in response between
mutational subtypes of KIT exon 9 was statistically
insignificant (p = 0.239).

For the two assessable patients with a PDGFRA
exon 18 mutation, one patient with a deletion muta-
tion of the 842 codon achieved SD, but the other
patient with a D842V mutation had PD.

Progression-free and overall survival by genotype

All 290 patients with a determined genotype were
assessed for PFS. Figures 1 and 2 show overall and
genotype-associated PFS and OS curves. With a
median follow-up of 42.8 months, the median PFS
for all 290 patients was 43.3 months (95% CI: 37.7-
49.0 months). The median OS was not reached for
all 290 patients, or for any of the genotype-specific
subpopulations. Patients with KIT exon 11 muta-
tions had significantly longer PFS than those with
KIT exon 9 mutations (median 49.4 months vs. 28.7
months, respectively; p = 0.001). However, no sig-
nificant difference in OS was observed between
patients with KIT exon 11 and KIT exon 9 mutations
(p = 0.884). A proportional hazards model for PFS
and OS was constructed using the potential prognos-
tic factors described above (Appendix Table III,
online only). In addition to tumor genotype, uni-
variate analyses identified several other factors asso-
ciated with poor PFS (poor performance status,
high neutrophil count) and with OS (poor perfor-
mance status, high neutrophil count). As shown in
Table III, tumor genotype [KIT exon 9 vs. KIT exon
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Table II. Responses to imatinib 400 mg daily by genotype (n = 235).

CR PR SD PD
No. of No. of No. of No. of

Genotype pts % pts % pts % pts %

KIT 11 (n = 176) 15 8.5 97 55.1 61 34.7 3 1.7
KIT 9 (n = 30) 0 0 11 36.7 18 60.0 1 3.3
WT (n=23) 0 0 16 69.6 4 17.4 3 13.0
KIT 13 (n=2) 0 0 0 0 2 100.0 0 0
KIT 17 (n = 2) 0 0 2 100.0 0 0 0 0
PDFGRA 18 (n = 2) 0 0 0 0 1 50.0 1 50.0
Total (n = 235) 15 6.4 126 54.6 86 36.6 8 3.4

CR, complete response; KIT 9, mutation of KIT exon 9; KIT 11, mutation of KIT exon 11; KIT 13, mutation of KIT exon 13; KIT 17,
mutation of KIT exon 17; PD, progressive disease; PDGFRA 18, mutation of PDGFRA 18; PR, partial response; SD, stable disease; WT,

wild type (no mutation of KIT or PDGFRA).

11: hazard ratio (HR) = 2.427, p = 0.003; WT vs.
KIT exon 11: HR = 2.187, p = 0.018] was found to
be an independent prognostic factor of PFS, as was
performance status (ECOG 2-3vs.0—1: HR = 2.385,
p = 0.005), and neutrophil count (>7500/ul vs.
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Figure 1. Progression-free survival for all patients (A) and by
tumor genotype (B). N, number of patients.
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Figure 2. Overall survival for all patients (A) and by tumor
genotype (B). N, number of patients; NR, not reached.
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Table III. Multivariate analyses of the prognostic factors of progression-free and overall survival (n = 290).

Progression-free survival

Opverall survival

Factor HR 95% CI p-value HR 95% CI p-value

ECOG PS 0-1 1 0.005 1 0.151
2-3 2.385 1.309-4.348 2.305 0.737-7.208

Neutrophil (/ul) =7500 1 0.003 1 0.034
>7500 3.756 1.569-8.993 5.534 1.136-26.947

Tumor genotype KIT 11 1 1
KIT 9 2.427 1.348-4.367 0.003 2.104 0.602-7.359 0.244
wWT 2.187 1.145-4.176 0.018 3.819 1.367-10.665 0.011
Others* 7.680 3.005-19.623 <0.001 22.930 4.600-114.298 <0.001

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; KIT 9, mutation of KIT
exon 9; KIT 11, mutation of KIT exon 11; WT, wild type (no mutation of KIT or PDGFRA).
*Others were KIT exon 13 mutants (n = 2), KIT exon 17 mutants (n = 2), PDGFRA exon 12 mutant (n = 1), and PDGFRA exon 18

mutants (n = 3).

PFS and OS were not found to differ significantly
between KIT exon 11 mutation types or locations
(W557 or K558 vs. others; codon 565 or 579 vs.
others) or by the presence of a long deletion (>15
codons; data not shown).

Salvage trearments after progression on
imatinib 400 mglday

One hundred and thirty-seven (47.2%) of the 290
patients received salvage treatments after progression
on imatinib 400 mg/day. During the period from first
progression to death or the end of this analysis, 108
(78.8%) patients were treated with imatinib at a
higher dose (600 mg and/or 800 mg). In addition,
92 (67.2%) and 26 (19.0%) patients were exposed
to sunitinib or nilotinib, respectively.

Discussion

To the best of our knowledge, this retrospective study
is the largest study to evaluate the relationship between
treatment outcome and tumor genotype in Asian
patients with advanced GIST. Here we show that in
Korean GIST patients treated with standard-dose
imatinib (400 mg/day), those with KIT exon 9 muta-
tions had a lower ORR and inferior PFS compared
with KIT exon 11-mutant patients, as has previously
been reported in Western patients with GIST. These
results suggests that the lack of a significant difference
between different genotypes in regard to clinical out-
comes reported in two previous studies conducted in
Korean and Taiwanese GIST patients [29,30] may
have been related to insufficient sample sizes.

The incidence and spectrum of RTK mutations
found in the present study are consistent with those
found during two previous Phase III trials [24,38],

and are similar to those of the previous report from
Korean GIST patients [29].

The response rate for Korean patients treated in
this study is comparable to that previously reported
for Western patients. In the B2222 study of patients
treated with 400 or 600 mg/day imatinib, an ORR of
68.1% (95% CI: 59.8%-75.5%) was observed. The
ORR in this study was 60.0% (95% CI: 53.7%—
66.3%) with 15 CRs (6.4%) and 126 PRs (53.6%).
However, when also considering patients achieving
SD, a higher DCR (96.6%) was observed in this
study compared with 83.6% for the B2222 trial. This
difference may be due in part, to how progression
was defined in these two studies. For B2222, progres-
sion was based solely on bidimensional Southwest
Oncology Guidelines tumor size criteria. For this
study, progression was evaluated based on size by
RECIST, however new small cystic lesions or size
increase with internal necrosis were not regarded as
progression [32].

Also consistent with results from B2222 reported
by Heinrich et al., patients with KIT exon 9 muta-
tions showed significantly lower ORR than those
with KIT exon 11 mutations (36.7% vs. 63.6%,
p = 0.007) [38]. In contrast, the Korean patients
with WT GIST treated with imatinib in our study
achieved higher ORRs (69.6%) compared with pre-
viously reported ORRs of 0.0% [38], 23.1% [24],
and 44.6% [21] for patients with WT GIST, in other
studies. It remains unclear why higher ORRs were
observed for Korean patients. This may relate to the
fact that “WT” usually includes all patients for which
no detectable mutations are found, which is largely
dependent on methodology used to determine geno-
type. As such, the nonuniform manner in which
GIST genotype is determined makes comparison of
results for “WT’° GIST patients across trials problem-
atic. Nonetheless, the results of this study suggest
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that a majority of Korean patients with ‘W1’ GIST
derive clinical benefit from imatinib. However, in
terms of DCR at 24 weeks, “WT> GIST patients had
poorer results than KIT exon 1l-mutant patients
(73.9% vs. 95.4%, respectively; p = 0.001) (Appen-
dix Table II, online only). This means ‘W1’ GIST
patients can achieve a good response on imatinib, but
that good initial response is not lastly maintained
otherwise in KIT exon 11-mutant patients.

The Korean patients in this study had a longer
median PFS compared with patients from the B2222
study (43.3 months vs. 24 months, respectively). This
may relate to the fact that many patients with a very
high tumor burden and more advanced disease wait-
ing for effective treatment were enrolled in B2222,
while patients with less tumor burden are usually
included in recent studies including this study.
Related to this, a large number of patients on B2222
received chemotherapy (n = 75, 51%; median 2 reg-
imens, range 1-7) and/or radiotherapy (n = 22, 15%)
prior to enrollment in B2222, whereas all patients
included in this study received imatinib as first-line
therapy.

No significant difference in OS between patients
with KIT exon 11 and KIT exon 9 mutations were
observed (Figure 2B), even though patients with KIT
exon 11 mutations had longer PFS than those with
KIT exon 9 mutations (median PFS 49.4 months vs.
28.7 months, respectively, after a median of
42.8 months follow-up). A possible explanation for
this discrepancy is that patients with KIT exon 9
mutations may derive greater clinical benefit from
salvage therapy, which for the majority of patients
receiving salvage therapy in this study (78.8%)
included imatinib dose escalation. Indeed, the
EORTC 62005 trial found that patients with KIT
exon 9 mutations derived greater clinical benefit after
crossover from 400 mg to 800 mg daily imatinib
compared with those with KIT exon 11 mutations
(responses to the dose increase assessed using a
growth modulation index: 57% vs. 7%, p = 0.0017)
[24]. In addition, the majority of patients receiving
salvage therapy were treated with sunitinib (67.2%),
and previous studies have shown that patients with
KIT exon 9 mutations or WT GIST had better out-
comes (PFS and OS) compared with patients with
KIT exon 11 mutations in response to second-line
sunitinib treatment [39,40]. Related to this, acquisi-
tion of secondary mutations occurs more frequently
in KIT exon 11-mutant GIST compared with KIT
exon 9-mutant GIST or WT GIST (73%, 17%, and
0%, respectively). However, our analysis regarding
the significance of genotype on the impact of salvage
therapy is limited, as the study was not designed to
address this issue. Therefore, we suggest that further

studies be conducted to explore this topic. In par-
ticular we anticipate that Korean patients with KIT
exon 9 mutations would stand to benefit from treat-
ment with high-dose imatinib, similar to Western
patients with GIST, although this needs to be rigor-
ously tested.
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