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IMPORTANCE After identification of activating mutations of the KIT gene in gastrointestinal
stromal tumor (GIST)—the most common sarcomaof the gastrointestinal tract—a phase 2
study demonstrated efficacy of imatinib mesylate in patients with metastatic GIST harboring
a KIT exon 11 mutation. Initial results of long-term follow-up have found a survival benefit in
this subgroup of patients.

OBECTIVE To assess the long-term survival of patients with GIST who were treated in SWOG
study S0033 and to present new molecular data regarding treatment outcomes.

DESIGN, SETTING, AND PARTICIPANTS In this follow-up of randomized clinical trial participants
(from December 15, 2000, to September 1, 2001), patients were required to have advanced
GIST that was not surgically curable. Postprotocol data collection occurred from August 29,
2011, to July 15, 2015. Using modern sequencing technologies, 20 cases originally classified as
having wild-type tumors underwent reanalysis. This intergroup study was coordinated by
SWOG, a cooperative group member within the National Clinical Trials Network, with
participation by member/affiliate institutions. This follow-up was not planned as part of the
initial study.

INTERVENTIONS Patients were randomized to 1 of 2 dose levels of imatinib mesylate,
including 400 mg once daily (400 mg/d) vs 400 mg twice daily (800 mg/d), and were
treated until disease progression or unacceptable toxic effects of the drug occurred.

MAIN OUTCOMES AND MEASURES The primary end point was overall survival. Updated
survival data were correlated with clinical and molecular factors, and patterns of postprotocol
therapies were enumerated and described in long-term survivors.

RESULTS Of 695 eligible patients (376 men [54.1%]; 319 women [45.9%]; mean [SD] age,
60.1 [14.0] years), 189 survived 8 years or longer, including 95 in the 400-mg/d dose arm and
94 in the 800-mg/d arm. The 10-year estimate of overall survival was 23% (95% CI,
20%-26%). Among 142 long-term survivors, imatinib was the sole therapy administered in 69
(48.6%), with additional systemic agents administered to 54 patients (38.0%). Resequencing
studies of 20 cases originally classified as KIT/PDGFRA wild-type GIST revealed that 17
(85.0%) harbored a pathogenic mutation, most commonly a mutation of a subunit of the
succinate dehydrogenase complex.

CONCLUSIONS AND RELEVANCE A subset of patients with metastatic GIST experiences
durable, long-term overall survival with imatinib treatment. Although this study provides
guidance for management of GIST harboring the most common KIT and PDGFRA mutations,
optimal management of other genotypic subtypes remains unclear.
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G astrointestinal stromal tumor (GIST) is the most
common sarcoma of the gastrointestinal tract.
GIST constitutes less than 1% of all gastrointestinal

tract tumors and has an annual incidence of approximately
7 to 10 cases per million as determined by multiple
population-based studies.1- 5 A major breakthrough
occurred with the discovery of activating mutations of the
KIT gene (CCDS CCDS3496.1), resulting in oncogenic consti-
tutive signaling in most GISTs and the subsequent use of
KIT (CD117) immunostaining as the first diagnostic marker
for GIST.6,7

Before 2000, GIST was documented to be highly
resistant to cytotoxic chemotherapy, with no available
effective treatment and a uniformly grim prognosis
for patients with metastatic or unresectable disease.8-10

A brief report11 published in 2001 described the impressive
effects of a pilot proof-of-concept protocol using the
tyrosine kinase inhibitor imatinib mesylate in a patient with
metastatic GIST harboring a KIT exon 11 mutation
that had been previously refractory to chemotherapy. Since
then, several phase 2 and 3 trials in metastatic disease12-16

were conducted, confirming the efficacy of imatinib in
metastatic GIST.

A phase 2 study (B2222) initially reported in 200212 was
the first multicenter trial designed specifically for advanced
GIST to report that imatinib produced high response rates
and lasting disease control. A follow-up report from this
study15 in 2008 showed a median overall survival (OS) of
4.75 years for the 147 patients treated, with 41 patients
(27.9%) continuing long-term drug therapy. The presence of
a KIT exon 11 mutation was associated with better survival.
Estimated median survival was 5.25 years for patients with
KIT exon 11 mutations and 3.67 years for those with KIT
exon 9 mutations.15 A subsequent analysis of this trial found
that 26 (17.7%) of the total 147 patients entered in this study
continued to receive imatinib therapy, with a median
follow-up time of 9.4 years.17 The estimated 9-year OS rate
for all patients was 35%. No data were provided about other
therapeutic modalities, such as surgical resection of meta-
static lesions or other postprotocol systemic therapies that
might have contributed to these OS results.

A large SWOG-directed, randomized phase 3 intergroup
study, S0033, was designed and conducted to compare the
outcome of patients with metastatic and/or unresectable (ie,
surgically incurable) GIST randomized to be treated with
imatinib mesylate at an initial dose of 400 mg once daily
(400 mg/d) or 400 mg twice daily (800 mg/d). Blanke et al14

previously reported a median OS of 4.58 years for 345
patients treated with conventional-dose imatinib and 4.25
years for 349 patients treated in the high-dose arm. Further
long-term results of this study are described herein, along
with additional analyses of GIST tumors originally classified
as KIT and platelet-derived growth factor receptor α gene
(PDGFRA [NM_006206]) wild-type (KIT/PDGFRA WT) geno-
type using next-generation sequencing techniques. We also
have correlated GIST genotypes with clinical outcomes dur-
ing treatment, including a cohort of patients with succinate
dehydrogenase (SDH)–deficient GIST.

Methods

S0033 Study Population
The S0033 trial accrued patients from December 15, 2000, to
September 1, 2001, from 4 cancer clinical trial cooperative
groups (SWOG, Cancer and Leukemia Group B, Eastern
Oncology Group, and National Cancer Institute of Canada
Clinical Trials Group) and from the University of Texas MD
Anderson Cancer Center. The trial protocol is available in
Supplement 1. Data collection and analyses for the trial were
performed by the SWOG Statistical Center (Figure 1). For the
original analysis, approval by the institutional review board
of each participating institution was obtained, with written in-
formed consent obtained from each participant.

Patients were required to have biopsy-proven metastatic
and/or unresectable GIST of visceral or abdominal origin and
immunohistochemical demonstration of KIT expression docu-
mented by antibody staining (DAKO Corporation). Complete
details and results from the clinical study were previously
reported.14 Tumor samples were sent to the Oregon Health and
Science University, Portland, where tumor genotyping was cen-
trally assessed. Initial results of the KIT and PDGFRA geno-
typing and correlation with clinical outcomes were also pre-
viously published.18

Ten years after initiation of accrual on this study, investi-
gators following up patients last known to be alive were con-
tacted to update follow-up. Patients known to have lived 8 years
or more were defined as long-term survivors. A 2-page data
form was created to obtain additional information about these
long-term survivors. Use of additional therapies after discon-
tinuation of imatinib therapy in this study was tabulated for
these long-term survivors. Follow-up data were collected from
December 26, 2000, through July 15, 2015. A concerted effort
to gather delinquent data as well as the postprotocol thera-
pies started August 29, 2011. The primary aim of this report
was to correlate updated survival with clinical and molecular
factors and to enumerate and describe patterns of postproto-
col therapies of the long-term survivors.

Key Points
Question What are the long-term clinical outcomes for patients
with advanced gastrointestinal stromal tumors treated with
front-line imatinib mesylate?

Findings In this follow-up study of a randomized clinical trial of
695 adults treated with imatinib mesylate, the estimated 10-year
progression-free and overall survival rates were approximately 7%
and 23%, respectively. The highest 10-year progression-free and
overall survival results were obtained for patients with KIT exon
11–mutant tumors or tumors lacking KIT/PDGFRA mutations
(primarily succinate dehydrogenase–mutant tumors).

Meaning Imatinib front-line treatment of advanced and/or metastatic
gastrointestinal stromal tumors leads to long-term survival (�10 years)
in a substantial minority of treated patients, especially those with KIT
exon 11–mutant gastrointestinal stromal tumors.
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Statistical Analysis
The distribution of OS was estimated using the Kaplan-Meier
method.19 We used proportional hazards regression models to
investigate the prognostic effect of the following variables on OS:
age; sex; performance status (0, 1, 2, or 3, with higher scores in-
dicating more limited activity); time from the initial diagnosis
(in years); primary disease site (small bowel vs other); maximum
diameter of the largest tumor; prior surgery, chemotherapy, or
radiotherapy; and baseline white blood cell count, hemoglobin
level, absolute neutrophil count, platelet count, and levels of bil-
irubin, albumin, and creatinine. For baseline white blood cell
count, hemoglobin level, absolute neutrophil count, platelet
count, and bilirubin and creatinine levels, we used a log trans-
formation in the regression models. Initially, each factor was as-
sessed in a univariate fashion. In subsequent analyses, multivari-
able models were created using the factors found to be signifi-
cantintheunivariatemodelsatP = .05usingabackwardselection
model. Associations between genotype and patient character-
istics were tested using χ2 test or the Fisher exact test. P values
are unadjusted for multiple comparisons.

Targeted Exome Sequencing Methods
Targeted exome sequencing analyses were performed as pre-
viously described.20 Additional details are included in
eMethods in Supplement 2.

Results
A total of 695 eligible patients were randomized to the 400- and
800-mg/d imatinib mesylate dose arms (376 men [54.1%]; 319
women[45.9%];mean[SD]age,60.1[14.0]years).Theinitialclini-
cal report14 found no statistical difference in OS, progression-free
survival(PFS),orresponsebetweenthetreatmentarms.Similarly,

neither the B2222 phase 2 study reported by Blanke et al14 nor the
European Organization for Research and Treatment of Cancer
phase 3 study using an identical study design reported by Verweij
et al13,16 found a difference in OS outcomes between standard and
higherdosesofimatinib.However,Verweijetal13,16reportedadiffer-
ence in PFS in the KIT exon 9–mutant subset in favor of the high-
doseimatinibtreatmentarm.Inourpresentstudyof695patients,
556 have died with a median OS of 52 (95% CI, 48-61) months
(Figure2AandeTable1inSupplement2).The10-yearOSestimate
was 23% (95% CI, 20%-26%). The 10-year PFS estimate was 7%
(95% CI, 6%-10%) (Figure 2B and eTable 1 in Supplement 2).

Of the 346 patients initially assigned to the 400-mg/d dose
arm, 95 (27.5%) were long-term survivors, including 72 who
continued to receive low-dose imatinib and 23 who were
crossed over to the 800-mg/d dose arm. A total of 130 pa-
tients were crossed over during the study conduct. Among the
349 patients initially assigned to the 800-mg/d dose arm, 94
(26.9%) were long-term survivors.

The following prognostic factors were identified by uni-
variate analysis as statistically significant with respect to OS: age;
sex; performance status; prior chemotherapy; maximum tumor
diameter; and baseline platelet count, hemoglobin level, abso-
lute neutrophil count, white blood cell count, and bilirubin and
albumin levels. In the multivariable model, 551 of the 695 eli-
gible patients had complete data for all baseline prognostic vari-
ables. Using backward selection, multivariable analyses showed
that being younger and female and having a good performance
status score, smaller tumor diameter, lower white blood cell
count, and higher albumin value were associated with signifi-
cantly improved OS. The P values and hazard ratios are given
in eTable 2 in Supplement 2 for the univariate and multivari-
able analyses. The influence of these prognostic factors on the
estimate of 10-year survival is listed in eTable 3 in Supplement
2. For example, the 10-year survival estimate for patients with
a performance status of 0 to 1 at the time of treatment initia-
tion was 26% (95% CI, 22%-30%) compared with 7% (95% CI,
2%-13%) for patients with a performance status of 2 to 3.

Genotype results from the original analysis were avail-
able for 395 eligible patients, of whom 282 (71.4%) had KIT exon
11 mutations, 67 (17.0%) had the KIT/PDGFRA WT genotype,
32 (8.1%) had KIT exon 9 mutations, and 14 (3.5%) had other
KIT or PDGFRA mutations. A univariate analysis of OS found
a median OS of 66 (95% CI, 57-78) months for patients with the
KIT exon 11 mutation, 38 (95% CI, 28-47) months for the KIT
exon 9 mutation, and 40 (95% CI, 32-63) months for KIT/
PDGFRA WT genotypes. When adjusted for all prognostically
significant factors found in the analysis of eligible patients, the
OS for patients with a KIT exon 11 mutation was significantly
longer than for those with KIT/PDGFRA WT genotypes
(P = .004; Figure 3A and eTable 1 in Supplement 2). We also
analyzed survival for different classes of KIT exon 11 muta-
tions, including any type of KIT exon 11 deletion (median OS,
65 months; 95% CI, 51-78 months) vs insertion/duplication mu-
tations (median OS, 73 months; 95% CI, 50-87 months) vs point
mutations (median OS, 66 months; 95% CI, 52-105 months).
No significant difference in OS was found for patients whose
GIST harbored different subsets of KIT exon 11 mutations
(Figure 3B and eTable 1 in Supplement 2).

Figure 1. CONSORT Flowchart of Clinical Study

695 Patients underwent analysis
in primary clinical report

695 Randomized

346 Randomized to conventional-
dose imatinib

349 Randomized to higher-
dose imatinib

94 Long-term survivors

43 With molecular and postprotocol
therapy data

74 With postprotocol therapy
data

20 With no postprotocol
therapy data

95 Long-term survivors

47 With molecular and postprotocol
therapy data

68 With postprotocol therapy
data

27 With no postprotocol
therapy data

346 Molecular factor analysis
201 Usable samples
145 Unusable samples

349 Molecular factor analysis
194 Usable samples
155 Unusable samples

Includes update of analysis of clinical and molecular factors and patterns of
postprotocol therapies in long-term (�8 years) survivors. Conventional dose of
imatinib mesylate indicates 400 mg/d; higher dose, 800 mg/d.
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When mutation status in long-term survivors was correlated
with response (complete and partial), more responses were seen
in the KIT exon 11 mutant genotype group (64 of 92 [69.6%]) than
in the KIT/PDGFRA WT (10 of 21 [47.6%]) or the KIT exon 9 (2 of
4 [50.0%]) groups. Median PFS estimates by treatment arm and
mutation status are summarized in eTable 1 in Supplement 2. The
median PFS for patients with KIT exon 11 mutations was 25 (95%
CI, 21-28) months compared with 17 (95% CI, 9-25) months for
patients with KIT exon 9 mutations and 13 (95% CI, 8-18) months
for those with the WT genotype (eFigureA in Supplement 2). As
with our OS analysis, no difference in PFS was found among pa-
tients whose GIST had different classes of KIT exon 11 mutations,
including any type of KIT exon 11 deletion (median PFS, 24
months; 95% CI, 20-29 months) vs insertion/duplication muta-
tions (median PFS, 30 months; 95% CI, 17-34 months) vs point
mutations (median PFS, 24 months; 95% CI, 17-28 months)
(eFigureB and eTable 1 in Supplement 2).

Postprotocol Progression Therapies
During Survival Follow-up
Descriptions of additional therapies received after discontinu-
ation of imatinib treatment in this protocol were obtained for pa-
tients defined as long-term survivors (ie, those known to have
lived for ≥8 years after enrollment in this trial). This additional
follow-up was not planned as part of the initial study. Of the 189
long-term survivors, additional treatment information was ob-
tained from 142 individuals. Of these 142 patients, imatinib was
the sole therapy administered to 69 (48.6%), while 73 (51.4%) re-
ceivedothertherapies.Fifty-four(38.0%)receivedadditionalsys-
temic agents; sunitinib malate (41 of 142 [28.9%]) and sorafenib
(17 of 142 [12.0%]) were the most commonly used additional
therapies among the long-term survivors. Subsequent surgical
procedures were also reported in 41 patients (28.9%); radiofre-
quency ablation, in 10 (7.0%); and radiotherapy, in 6 (4.2%)
(eTable 4 in Supplement 2). Of the 395 eligible patients with a
known GIST genotype, 117 were long-term survivors. Of these,
90 (76.9%) had information on additional nonprotocol therapy.

Resequencing Studies From a Subset of Cases
Previously Identified as KIT/PDGFRA WT
At the time of study initiation, KIT mutations were the only
known pathogenic abnormality associated with GIST. After the
completion of enrollment of patients to this study (Septem-
ber 1, 2001), a number of additional pathogenic events in GIST
were described, including PDGFRA, KRAS (CCDS8702.1), NRAS
(CCDS877.1), HRAS (NM_005343.2), and BRAF (CCDS5863.1)
mutations, loss of SDH complex iron sulfur subunit B protein
expression owing to mutation or epimutation, and the asso-
ciation of GIST with neurofibromatosis.21-24 The KIT and
PDGFRA mutations were the only analyses performed in the
original report owing to limitations of testing that existed at that
time. However, significant advances have improved our abil-
ity to sequence tumor DNA from formalin-fixed, paraffin-
embedded tumors and to test for multiple genomic abnormali-
ties in the same analysis. We identified 20 KIT/PDGFRA WT
cases for which sufficient residual DNA remained from the origi-
nal studies for reanalysis using a targeted exome panel for
GIST-associated pathogenic abnormalities. We identified the
putative causative mutation in 17 (85.0%) of the 20 cases
(eTable 5 in Supplement 2). The most commonly mutated path-
way in our analysis was the SDH complex, with a mutation in
12 (60.0%) of 20 cases (SDHA [CCDS3853.1] in 9, SDHB [CCDS176
.1] in 2, and SDHC [CCDS1230.1] in 1). We also identified 2 cases
with neurofibromin 1 gene (NF1 [CCDS42292.1]) loss as the pre-
sumed pathogenic mutation. Finally, we found 3 cases with KIT
mutations that were missed in the original analysis (KIT exon
13 K642E, KIT exon 11 V559D, and KIT exon 9 K509I in 1 case
each). Three cases (15%) of the original KIT/PDGFRA WT co-
hort did not contain an identifiable pathogenic mutation using
our targeted panel. Owing to the lack of residual unstained
slides, we could not perform SDHB immunohistochemistry in
these 3 cases. Therefore, we do not know whether these cases
represent “quadruple-WT GIST” or cases with SDH deficiency
with alterations that could not be detected using our methods
(eg, epimutation).25,26

Figure 2. Long-term Overall Survival (OS) and Progression-Free Survival (PFS)
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Our collection of 12 patients with SDH-deficient GIST rep-
resents the largest series of such patients treated uniformly with
imatinib as part of a prospective clinical study. The demograph-
ics and baseline characteristics of these patients are detailed in
the Table and compared with patients with KIT exon 11–
mutant GIST. As expected, the patients with SDH-mutant GIST
were younger than the patients with KIT exon 11–mutant GIST,
and all 11 (100%) of the primary tumors arose outside the small
bowel (presumably all gastric) compared with 172 (65.6%) out-
side the small bowel for KIT exon 11–mutant tumors (P = .02).
The response rate of the patients with SDH-mutant GIST was
8.3% (95% CI, 0%-48%. There were no complete responses (0%;
95% CI, 0%-26%) and 1 partial response (8.3%; 95% CI, 0%-
48%). In comparison, the response rate included 185 (65.6%;
95% CI, 60%-71%) of 282 patients with KIT exon 11–mutant
tumors, including a complete response in 18 (6.4%; 95% CI, 3%-
10%) and a partial response in 167 (59.2%; 95% CI, 53%-65%)
(P < .001). Median OS was similar for both groups, although the
CI for the small SDH-deficient population was quite broad (116

[95% CI, 22-116] months vs 66 [95% CI, 57-78] months; P = .38)
(Table and Figure 4A). Likewise, the median PFS was not sig-
nificantly different for patients with SDH-deficient tumors
compared with KIT exon 11–mutant GIST (9 [95% CI, 3-58]
months vs 24 [95% CI, 21-28] months; P = .07, adjusted for all
prognostically significant variables) (Table and Figure 4B).

Discussion
As previously noted, before the clinical development of imatinib,
metastatic GIST was a uniformly fatal disease with a rapidly pro-
gressive course and a median OS of less than 2 years. The initial
publication of the results from S0033 reported on median sur-
vival and molecular biomarkers associated with the response to
imatinib. With a much longer follow-up, we now report that a sig-
nificant subset of patients with GIST experience long-term
survival with front-line imatinib treatment of advanced and
metastatic disease. Estimated 8- and 10-year survival were 31%

Figure 3. Overall Survival (OS) by Tumor Genotype
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Table. Characteristics of Patients With SDH Mutations vs Original Exon 11 Mutations

Characteristic

Mutation Group, No. (%) of Patientsa

P Value
SDH
(n = 12)

Original KIT Exon 11
(n = 282)

Treatment arm

Low-dose 7 (58.3) 140 (49.6) NA

High-dose 5 (41.7) 142 (50.4) NA

Age at study entry, y

<40 7 (58.3) 24 (8.5)

<.001

40 to <50 2 (16.7) 36 (12.8)

50 to <60 3 (25.0) 67 (23.8)

60 to <70 0 74 (26.2)

≥70 0 81 (28.7)

Sex

Female 9 (75.0) 120 (42.6)
.03

Male 3 (25.0) 162 (57.4)

Race

White 9 (75.0) 231 (81.9)

.45

Black 1 (8.3) 30 (10.6)

Asian 2 (16.7) 16 (5.7)

Pacific Islander 0 1 (0.4)

Native American 0 1 (0.4)

Unknown 0 3 (1.1)

Ethnicity

Non-Hispanic 10 (83.3) 266 (94.3)

.14Hispanic 2 (16.7) 8 (2.8)

Unknown 0 8 (2.8)

Performance status scoreb

0-1 12 (100) 237 (84.6)
.23

2-3 0 43 (15.4)

Type of disease

Measurable 12 (100) 262 (92.9)
.34

Nonmeasurable 0 20 (7.1)

Prior chemotherapy

No 9 (81.8) 206 (77.8)
.75

Yes 2 (18.2) 59 (22.3)

Prior surgery

No 1 (8.3) 20 (7.2)

Yes 11 (91.7) 256 (92.8)

Family history of GIST

No/unknown 11 (91.7) 281 (99.6)
.08

Yes 1 (8.3) 1 (0.4)

Prior radiotherapy

No 11 (100) 238 (87.8)
.21

Yes 0 33 (12.2)

Small bowel origin

Yes 0 90 (34.4)

.02

No 11 (100) 172 (65.6)

Abdomen 2 (18.2) 56 (21.4)

Stomach 9 (81.8) 108 (41.2)

Other 0 8 (3.1)

Maximum tumor diameter, cm

<4.0 2 (16.7) 63 (22.3)

.35

4.0-8.0 6 (50.0) 72 (25.5)

8.0-12.0 1 (8.3) 67 (23.8)

≥12.0 3 (25.0) 70 (24.8)

Unknown 0 10 (3.4)

(continued)
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and 23%, respectively. Notably, patients with advanced GIST
treated with imatinib alone have experienced survival without
report of progression for periods that approach and even exceed
1 decade. In the subset of patients who have survived more than
8 years since study entry, 73 (51.4%) received additional nonpro-
tocol therapy, with only 54 (38.0%) receiving further systemic
therapies beyond imatinib.

In this study, tumor bulk at the time of initiation of ima-
tinib therapy significantly influences PFS and OS. This finding
supports previous studies of imatinib therapy of advanced
GIST.27,28 The influence of tumor bulk (complete vs partial re-
sponses vs stable disease) on PFS was also noted in the ran-
domized imatinib discontinuation studies reported by the
French Sarcoma Group.29 Taken together, these observations

raise the hypothesis that surgical tumor debulking may en-
hance the duration of imatinib response and disease control, at
least in some patients. Several nonrandomized, retrospective
surgical series30-32 have suggested a benefit to surgical re-
moval of metastatic lesions in imatinib-treated patients. This
hypothesis was tested in a randomized phase 3 study reported
by Du et al.33 In their study, patients were randomized from 3
to 13 months after starting imatinib therapy to undergo sur-
gery for residual disease with the goal of removing macro-
scopic disease as completely as possible or to continue ima-
tinib therapy without surgical intervention. The primary end
point was the 2-year PFS. Unfortunately, the study was closed
early owing to poor accrual, with only 41 patients enrolled of a
planned 210. No advantage to surgery was found in terms of PFS

Figure 4. Survival of Patients With KIT Exon 11 vs Succinate Dehydrogenase (SDH) Mutations
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Analysis includes 294 eligible patients. OS indicates overall survival; PFS, progression-free survival.

Table. Characteristics of Patients With SDH Mutations vs Original Exon 11 Mutations (continued)

Characteristic

Mutation Group, No. (%) of Patientsa

P Value
SDH
(n = 12)

Original KIT Exon 11
(n = 282)

Time since initial diagnosis, mo

<12 0 7 (2.5)
.06

≥12 12 (100) 275 (97.5)

Hemoglobin level, mean (95% CI), g/dL 12.4 (9.6-14.0) 12.8 (8.4-19.5) NA

ANC, mean (95% CI), No./μL 3.7 (1.7-5.7) 4.6 (1.3-18.5) NA

WBC count, mean (95% CI), No./μL 5.5 (3.7-8.2) 7.1 (3.5-21.5) NA

Platelet count, mean (95% CI), ×103/L 233 (131-1188) 271 (103-890) NA

Albumin level, mean (95% CI), g/dL 4.2 (3.7-4.7) 3.8 (2.0-8.3) NA

Bilirubin level, mean (95% CI), mg/dL 0.35 (0.2-0.6) 0.52 (0.1-8.0) NA

Creatinine level, mean (95% CI), mg/dL 0.78 (0.09-1.10) 0.90 (0.12-2.00) NA

Response rate [95% CI] 1 (8.3) [0-48] 185 (65.6) (60-71)

Complete (confirmed and unconfirmed) 0 [0-26] 18 (6.4) [3-10]

<.001
Partial (confirmed and unconfirmed) 1 (8.3) [0-48] 167 (59.2) [53-65]

Stable disease 6 (50.0) [21-79] 52 (18.4) [14-23]

Increasing disease/not assessable 5 (41.7) [10-65] 45 (16.0) [12-21]

Median OS (95% CI), mo 116 (22-116) 66 (57-78) .38c

Median PFS (95% CI), mo 9 (3-58) 24 (21-28) .07c

Abbreviations: ANC, absolute neutrophil
count; GIST, gastrointestinal stromal
tumor; NA, not applicable; OS, overall
survival; PFS, progression-free survival;
SDH, succinate dehydrogenase;
WBC, white blood cell.

SI conversion factors: To convert
albumin to grams per liter, multiply by
10; bilirubin to micromoles per liter,
multiply by 17.104; creatinine to
micromoles per liter, multiply by
88.4; hemoglobin to grams per liter,
multiply by 10.0; neutrophils and
WBC to ×109 per liter, multiply by
0.001; and platelet count to ×109 per
liter, multiply by 1.0.
a Percentages have been rounded

and may not total 100. Data are
missing for some patients in some
categories.

b Higher scores indicate more limited
activity.

c Adjusted for all prognostically
significant factors found in the
analysis of eligible patients.
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(2-year PFS, 88% for combined treatment vs 58% for medical
therapy only; P = .09). However, the secondary end point of OS
was significantly improved by combination treatment (me-
dian OS not reached for surgery vs 49 months for imatinib-
only treatment; P = .02). These data suggest that surgical
debulking may maximize the imatinib response for some pa-
tients, but how to optimally integrate surgery and imatinib treat-
ment in the management of metastatic GIST remains unclear.

The resequencing studies reported herein confirm the hy-
pothesis that most GISTs harbor identifiable pathogenic muta-
tions. In the original report, the presumed causative mutation
was identified in 85% of GIST (KIT and PDGFRA analysis only).
Using next-generation sequencing technologies, such as those
described above, we now estimate that 97.5% of GIST can be as-
signed a pathogenic genotype. The remaining 2.5% of GIST rep-
resent GIST with SDH deficiency due to mutations outside of
the 4 SDH subunits that affect SDH complex function or GIST
with undiscovered pathogenic mechanisms (quadruple-WT
GIST). The objective response rate to imatinib treatment was sig-
nificantly lower for SDH-mutant GIST when compared with KIT
exon 11–mutant GIST (1 [8.3%] vs 185 [65.6%]; Fisher exact test,
P < .001) based on post hoc analyses. The single responding pa-
tient with SDH-mutant GIST had a verified 62% decrease in tu-
mor size that lasted for 4 years before progression was noted.
These results are consistent with a recent retrospective case se-
ries that reported 1 partial response of 49 patients with SDH-
deficient GIST treated with imatinib.34 Our results also iden-
tify GIST with KIT exon 11 mutations or lacking KIT/PDGFRA
mutations (most of which are SDH deficient) as having a lon-
ger median OS when compared with KIT exon 9–mutant GIST.
Given prior reports of cases of indolent behavior of untreated
SDH-deficient metastatic GIST, whether imatinib alters the natu-
ral history of most cases of KIT/PDGFRA WT GIST is unclear.34

Further studies are required to better define the role of ima-
tinib therapy in the treatment of this type of GIST.

Limitations
This study reports long-term treatment outcomes from a phase
3 study that enrolled patients from mid-December 2000 to early
September 2001. Although we obtained long-term follow-up
for most patients, we do not have data on the status and post-
protocol therapies (if any) for all patients because we only at-
tempted to collect this information for all patients surviving 8
years or longer. In addition, these reported treatment results re-
flect primary therapy with imatinib as part of our study and the
potential influence of subsequent postprotocol therapies. The
impact of postprotocol treatments on the expected OS of pa-
tients with metastatic GIST currently starting imatinib treatment
cannot be determined from our data set. In addition, although
this study provides guidance for management of GIST harbor-
ing the most common KIT and PDGFRA mutations, optimal
management of other genotypic subtypes remains unclear.

Conclusions
Our results provide important data on the long-term out-
comes of patients with metastatic GIST treated with ima-
tinib. Further studies are needed to improve on these results
using other strategies that might incorporate surgery, combi-
nation medical therapy (additional signaling pathway inhibi-
tors or immune modulation agents), or some form of intermit-
tent therapy. Alternatively, enhanced imaging and biomarker
analysis to detect residual GIST cells in patients with long-
term response may identify those patients who might benefit
from less intense medical therapy.
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