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A B S T R A C T

Purpose
The Gastrointestinal Stromal Tumor Meta-Analysis Group (MetaGIST) project aims to additionally
explore the data of the two large, randomized, cooperative-group studies comparing two doses of
imatinib (400 mg daily v twice daily) in 1,640 patients with advanced GIST.

Methods
End points were progression-free survival (PFS) and overall survival (OS). Investigated cofactors
included age, sex, performance status (PS), primary tumor site, time from diagnosis, prior
therapies, baseline biology, and KIT/PDGFR� mutations for a subset of 772 patients. Univariate
and multivariate models were used for the analysis.

Results
At a median follow-up of 45 months, a small but significant PFS advantage was documented for the
high-dose arm. OS was identical in the two arms. The multivariate prognostic models included the
following adverse factors: male sex, poor PS, and high baseline neutrophils counts (PFS and OS); low
hemoglobin and GIST from small bowel origin (PFS); and advanced age, large tumor size, low albumin
level, and prior chemotherapy (OS). In patients analyzed for mutations, patients with wild type, patients
with KIT exon 9 mutations, and patients with other mutations had worse prognoses than patients with
KIT exon 11 mutations for both end points. The mutation status was the only predictive factor for the
PFS benefit attributed to high-dose treatment that resulted in significantly longer PFS (and higher
objective response rate) for patients with KIT exon 9 mutations.

Conclusion
This analysis confirms a small PFS advantage of high-dose imatinib, essentially among patients
with KIT exon 9 mutations, but no OS advantage.

J Clin Oncol 28:1247-1253. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal neoplasms of the
gastrointestinal tract, with an incidence of at least
10 new occurrences per million.1 The treatment of
localized forms is primarily surgery. These tumors
have proven to be insensitive to chemotherapy
and radiotherapy.2

Imatinib is a small-molecule tyrosine kinase in-
hibitor active against BCR-ABL, KIT, and PDGFR�.
KIT is expressed in the vast majority of GISTs and is
frequently mutated, which leads to constitutive acti-
vation in these tumors. An EORTC (European Or-
ganisation for Research and Treatment of Cancer)
phase I study3 identified the highest feasible dose of
imatinib to be 400 mg twice daily and indicated
extensive activity in GIST. Phase II studies showed
activity at all doses tested (ie, 400 to 800 mg).4,5

Two large, randomized, phase III studies were
subsequently conducted to compare the outcome
of patients treated with a daily dose of 400 mg
once daily (ie, standard dose) and of 400 mg twice
daily (ie, high dose) for unresectable or metastatic
GIST. One study was conducted jointly in Europe
and Australia by EORTC, Italian Sarcoma Group
(ISG), and Australasian Gastro-Intestinal Trials
Group (AGITG; trial 62005, referred to as EU-AUS);
the other study was conducted in the United States
and Canada by Southwest Oncology Group
(SWOG), Cancer and Leukemia Group B (CALGB),
National Cancer Institute of Canada (NCI-C), and
Eastern Cooperative Oncology Group (ECOG; trial
S0033, referred to as US-CDN). Selection criteria,
protocol treatment, and follow-up were purposely
identical in the two protocols to enable a meta-
analysis and have been described elsewhere.6,7 The
primary end point differed between trials: EU-AUS
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used progression-free survival (PFS), which required enrollment of
600 patients with data analysis after 344 events (ie, progression or
death); US-CDN used overall survival (OS), which required 600 pa-
tients and observation of 321 deaths. The trials recruited 946 and 746
patients, respectively, both within 1 year.

In EU-AUS, there initially was a significant PFS improvement
in favor of the high-dose arm (median follow-up, 25 months; 498
observed events),6 which was no longer demonstrated with longer
follow-up (median follow-up, 40 months; 657 observed events)
and which did not translate into an OS improvement (412 ob-
served deaths).8 US-CDN did not demonstrate any significant
difference in either PFS or OS between the two doses (median
follow-up, 54 months; 342 observed deaths; 545 observed progres-
sions or death).7

Patients who experienced disease progression in the standard-
dose arm were allowed to cross over to the high-dose regimen.
Both trials reported additional disease stabilization after cross
over (29% and 28%) including a few objective responses (2%
and 3%).9,10

In both trials, a KIT and PDGFR� mutation analysis were per-
formed on paraffin-embedded tumor samples for a subset of patients.
In EU-AUS, the mutation analysis, which was performed in 377 pa-
tients with externally confirmed GIST, showed superior PFS and OS in
patients who had KIT exon 11 mutations when compared with pa-
tients who had KIT exon 9 mutations and wild types, whereas patients
with KIT exon 9 mutations benefitted most from high-dose therapy in
terms of PFS as opposed to other genomic subpopulations.11 In US-
CDN, the mutation analysis performed in 397 patients with CD117-
immunopositive GIST confirmed the EU-AUS data on prognosis, but
the high-dose therapy did not result in significantly superior PFS or
OS in patients with KIT exon 9 mutations, although it induced a
higher response rate.12

EU-AUS also demonstrated that early resistance was increased in
patients with low baseline hemoglobin level, whereas late resistance
was increased in patients with either high baseline granulocyte count,
large lesions, or nongastric primaries. High granulocyte count and
disease origin within the GI tract, but outside the stomach and small
bowel, also were predictive factors for the benefit of high-dose therapy.
This exploratory study has not been externally validated.13

The objectives of the MetaGIST project were to confirm the
already available results of the two studies, to explore patient
subsets, to attempt to validate previously suggested prognostic and
predictive factors, and to compare the baseline characteristics of
the patients that could explain eventual differences between results
of the two studies.

METHODS

A common data set that included data of both trials was assembled for the
purpose of this work, according to prospectively agreed data specifications.
The common data set included the data used for previous publications (me-
dian follow-up, 54 and 42 months, respectively, for the US-CDN and the
EU-AUS series).7,14 Ineligible patients had been excluded for the US-CDN trial
only, but this was not expected to affect the results of the joint analysis. Study
protocols were approved by competent, local Human Investigations Commit-
tees, and all patients gave written informed consent.

Two primary end points were analyzed: OS, defined from the date of
random assignment to the date of death, and PFS, defined from the date of

random assignment to the date of documented progression or death, which-
ever occurred first. Critical significance levels were not adjusted for multiplic-
ity. Patients alive and progression free were censored for both end points at the
date of the last reported visit. Best overall response (according to Response
Evaluation Criteria in Solid Tumors [RECIST]) and time to imatinib failure
(defined as time to second progression or death for patients who crossed over
to high-dose imatinib and as time to first progression or death for the other
patients) were used as explanatory end points.

All cofactors recorded in the common database were investigated as
potential prognostic and predictive factors: randomized daily dose; age;
sex; performance status at entry; site of disease origin; time from initial
diagnosis of GIST; maximum diameter of the largest lesion at entry; prior
surgery, radiotherapy, and chemotherapy; baseline WBCs, neutrophils,
platelets, hemoglobin, creatinine, bilirubin, and albumin; and mutation
status when available.

When recoding of continuous variables was needed, categories did ad-
here as far as possible to previous publications, to the (rounded) median
(binary variables), or to (rounded) quartiles. Mutations were classified as KIT
or PDGFR� mutations, and KIT mutations were subclassified according to the
involved exon.

Categoric variables were tabulated by study, and the distributions were
compared with the �2 test (binary and nonordered categories) or with the
Cochran-Armitage test for trend (ordered categories). Continuous variables
were summarized by using the median and range in each study, and the
distributions were compared with the Wilcoxon test.
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Fig 1. Progression-free and overall survival in the high-dose arm. N, number of
patients; O, events.
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Best overall response was analyzed as an ordered categoric variable. For
the predictive factor analysis, this variable was dichotomized (complete or
partial response v no change or progression), and a logistic multivariate model
was used.

PFS and OS were estimated by the Kaplan-Meier method. The Wald test
(from the Cox model stratified by study) was used for the primary treatment
comparison, whereas the log-rank test (unstratified) and the Wilcoxon test
were used for sensitivity analyses. The baseline hazard function also was esti-
mated by the life-table method for six time intervals (ie, 0 to 3, 3 to 6, 6 to 12, 12
to 24, 24 to 36, and 36 to 60 months).

Step-down Cox regression was used for the prognostic factors analysis.
The validity of final models (ie, stability of included cofactors for different
patient selection) was evaluated by using the bootstrap resampling method,15

and the discrimination of final models (ie, ability to correctly classify patients)
was evaluated by using the C-index of Harrell, which varies from 0.5 (no
discrimination) to 1.0 (perfect discrimination).16

The analysis of predictive factors used Cox multivariate models,
including the randomized treatment, the investigated factor, and an inter-
action test. For this analysis, all variables were dichotomized. Forest plots
of hazard ratios were used to illustrate the results. All models were stratified
by study.

RESULTS

Comparison of the Study Populations

Distribution of the cofactors differed significantly between
studies (Appendix Table A1, online only). US-CDN recruited older
patients with a worse performance status; lower baseline WBC,
neutrophils, and platelets count; and less recent diagnosis and with
more radiotherapy but less chemotherapy than in EU-AUS. There
also were proportionally fewer patients with KIT exon 9 mutations
(8% v 16%) or with PDGFR� mutations (1.3% v 2.9%), and there
were more patients with KIT exon 11 mutations (71% v 66%) or
KIT/PDGFR� wild types (17% v 13%).

The distribution of tumor sites (stomach v small bowel v other)
and of the size of lesion or lesions at trial entry did not differ between
the two trials. All cofactors were evenly distributed between patients
with and without mutation data, with the exception of prior surgery
(respectively, 89.4% and 80.5%).

Overall Results

In the pooled data set, a small (estimated hazard ratio [HR], 0.89;
95% CI, 0.79 to 1.00) but significant (P � .04, Wald test) PFS advan-
tage was observed for the high-dose arm (Fig 1). This advantage was
consistent across trials (HR, 0.89 in both trials; Table 1). Results were
similar for the unadjusted log-rank test but were more significant for
the Wilcoxon test that is more sensitive to early differences. The
hazard function (which represented the immediate risk of relapse) was
consistently higher in the standard-dose arm up to approximately 2
years, but it was the same in both arms afterwards (Appendix Fig A1,
online only).

No difference was observed between the two arms in terms of
OS (HR, 1.00; P � .97; Fig 1), and this again was consistent across
trials (EU-AUS HR, 0.95; US-CDN HR, 1.06; Table 1). No signifi-
cant difference was observed between the two arms in terms of best
overall response (51% v 54%; P � .08), although a borderline advan-
tage of the high-dose arm was observed in the EU-AUS data (50% v
55%; P � .05).

Analysis of Prognostic Factors

The final Cox multivariate model for PFS included five signifi-
cant, adverse prognostic factors: poor performance status, high neu-
trophil counts, low hemoglobin level, male sex, and GIST from small
bowel origin; randomly assigned dose was of borderline significance
when added to this model (P � .06).

Table 1. Overall Results

Treatment by Group
No. of

Patients
No. of
Events HR 95% CI P

Median Time
(years) 95% CI % at 3 Years 95% CI

Progression-free survival
All patients

Imatinib 400 mg 818 610 1.00 .0412 Wald; .0422 log-rank; 1.58 1.46 to 1.80 30.30 27.11 to 33.55
Imatinib 800 mg 822 591 0.89 0.79 to 1.00 .0195 Wilcox 1.95 1.74 to 2.08 34.36 31.05 to 37.70

EU-AUS
Imatinib 400 mg 473 332 1.00 0.1232 log-rank; .0560 1.74 1.52 to 1.98 31.41 27.13 to 35.78
Imatinib 800 mg 473 324 0.89 0.76 to 1.03 Wilcox 2.02 1.80 to 2.24 34.95 30.53 to 39.40

US-CDN
Imatinib 400 mg 345 278 1.00 .1806 log-rank; .1625 Wilcox 1.46 1.30 to 1.79 28.82 24.10 to 33.69
Imatinib 800 mg 349 267 0.89 0.75 to 1.05 1.64 1.48 to 2.08 33.47 28.51 to 38.50

Overall survival
All patients

Imatinib 400 mg 818 376 1.00 .9738 Wald; .9635 log-rank; 4.08 3.74 to 4.76 60.40 56.86 to 63.75
Imatinib 800 mg 822 379 1.00 0.86 to 1.15 .8621 Wilcox 4.05 3.75 to 4.36 60.96 57.43 to 64.30

EU-AUS
Imatinib 400 mg 473 208 1.00 .5853 log-rank; .4729 Wilcox 3.74 3.33 to NR 57.62 52.83 to 62.12
Imatinib 800 mg 473 205 0.95 0.78 to 1.15 3.78 3.42 to 4.01 60.03 55.24 to 64.47

US-CDN
Imatinib 400 mg 345 168 1.00 .5819 log-rank; .5760 Wilcox 4.59 3.94 to 5.18 63.99 58.64 to 68.83
Imatinib 800 mg 349 174 1.06 0.86 to 1.31 4.27 3.82 to 4.98 62.05 56.67 to 66.96

Abbreviations: HR, hazard ratio; EU-AUS, joint studies in Europe and Australia; US-CDN, joint studies in United States and Canada; NR, not reached.
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In patients with available mutation data, the mutation status
was added to the prognostic model with a high significance level
(P � .0001); patients with KIT exon 11 mutations had a more favor-
able prognosis than patients with KIT exon 9 mutations, patients with
other mutations, and patients with wild-type disease. The prognostic
value of the site of origin substantially decreased and became of bor-
derline significance.

The final Cox multivariate model for OS included seven signifi-
cant adverse prognostic factors: high neutrophil counts, poor perfor-
mance status, advanced age, low albumin level, prior chemotherapy,
large tumor size, and male sex. Site of tumor origin did not have any
significant prognostic value in the univariate or in the multivari-
ate models.

In patients with available mutation data, the mutation status
also was added to the prognostic model with a high significance
level (P � .0001), whereas the factor of prior chemotherapy lost its
significance. All Cox models are detailed in Appendix Table A2 (on-
line only).

The internal validation showed that the survival model was
rather stable: the seven significant factors were included in the boot-
strap models with the highest frequencies, which ranged from 99% to
80%. This was not the case for the PFS model: only performance status
and neutrophil count were included in bootstrap models with a high
frequency (90%), as opposed to tumor site (65%), sex (53%), and
hemoglobin level (44%). Two other factors were included with a high
frequency: creatinine level (56%) and prior chemotherapy (46%). The
C-index of Harrell was 66.5% for the survival model but was only
58.3% for the PFS model.

Analysis of Predictive Factors

For PFS, the presence of KIT exon 9 mutation was the only
significant predictive factor for the benefit of high-dose therapy
(P � .012, interaction test; Appendix Table A3, online only). Within
patients with KIT exon 9 mutations, PFS was significantly longer
for patients treated with the high-dose arm (P � .017, Wald test).
For patients without such mutations, no difference was observed
between treatment arms (Fig 2).

For OS, none of the investigated cofactors showed any predic-
tive value, and no significant advantage of high-dose therapy
(P � .15, Wald test) was documented in patients with KIT exon 9
mutations (Fig 2). Results of treatment comparison in all mutation
subgroups are summarized on Forest plots (Fig 3).

Two explanatory end points were analyzed additionally in pa-
tients with KIT exon 9 mutations. Best overall response rate was
significantly higher in the high-dose arm (47% v 21%, P � .0037,
Cochrane Armitage test for trend) as opposed to other subgroups, for
example patients with KIT exon 11 mutations (64% in both arms).
Time to imatinib failure did not differ between randomized treatment
arms (data not shown).

DISCUSSION

Despite identical eligibility criteria, the populations entered in the two
studies differed significantly; some factors had favorable prognosis
impacts, and others had adverse prognosis impacts on the US-CDN
study as compared with the EU-AUS study. This observation stresses

that epidemiologic differences could affect the conclusions of ran-
domized trials, and it justifies the stratification of all analyses by study.

A borderline PFS advantage was documented for the high-dose
arm. The reduction of the risk of relapse, however, seems to be limited
to the first 2 years of imatinib treatment, which explains the higher
significance level of the Wilcoxon test (P � .02) when compared with
the Wald and log-rank tests (P � .04). This heterogeneity explains
apparent discrepancies between previously published results. EU-
AUS initially was reported with a large number of events but with a
short follow-up: the positive results translated the early impact of
high-dose therapy. US-CDN was published with a longer follow-up,
and the early advantage was outweighed by later relapses in the anal-
ysis. Currently, the estimated overall HR is the same in the two trials.
The short-lasting advantage of high-dose therapy could be linked to
frequent dose reductions (44% and 49% at 6 months) reported in this
arm.14,17 Also, we know that progression may be induced by several
biomolecular mechanisms of resistance,18-20 and we cannot exclude
the predominance of a dose-dependent mechanism in the first 2 years
and of an independent mechanism later on. It has already been dem-
onstrated that early resistance (ie, progression within 3 months) is not
predicted by the same factors as late resistance (ie, progression after 3
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months), and factors affecting very late resistance (ie, progression after
18 or 24 months) may be different again. The direct applicability to
clinical practice is questionable, as both doses lead to an identical OS,
probably because of the efficacy of cross over to high-dose after pro-
gression in the standard-dose arm9,10 and because of availability of
new drugs as salvage therapy.

Best overall response to therapy was analyzed as an explanatory
end point. Despite limitations of RECIST in GIST, the expected rate of
objective responses may guide physicians in appropriate choice in
patients with locally advanced disease. Because responses rates were
similar in both arms, and because we know that the impact of the drug
on the size of lesions may be relatively slow (because onset of responses
has been observed after years of therapy), systematic use of high-dose
neoadjuvant therapy does not seem justified, but it should be explored
additionally in patients with KIT exon 9 mutations in whom high-
dose therapy did induce a higher response rate (as compared with
standard dose).

Prognostic factors identified in the pooled data set are consistent
between the two trials and confirm previous findings.7,11-13 Poor per-

formance status and elevated neutrophil count at baseline have a
strong adverse prognostic value for PFS and OS, all confirmed by
internal validation. For the PFS model, other factors were unstable,
probably because of the correlation among sex, hemoglobin, and
creatinine levels (data not shown); moreover, the model had a poor
discrimination. The OS model was more stable and had a better
discrimination. In patients with mutation data, mutation site adds
strong prognostic information to the two models; however, as previ-
ously reported,11 the site of origin loses part of its significance in the
PFS model, presumably because of the predominance of exon 9 mu-
tation in tumors of small bowel origin; prior chemotherapy also steps
out of the OS model.

The only identified predictive factor was the presence of KIT
exon 9 mutations. The estimated risk of progression or death was
reduced by 42% in the high-dose arm (compared with the standard-
dose arm) in patients with KIT exon 9 mutations and was increased by
2% in patients with other types of mutations or with no mutations.
The risk reduction was significant in the patients with KIT exon 9
mutations (P � .017, Wald test). A nonsignificant risk reduction of
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31% was also observed in OS. Those results were not consistent be-
tween trials and were essentially observed in the EU-AUS data, which
contained more patients who had KIT exon 9 mutations (15.6% v
8.1%), which may have represented a different biologic subset.

This series of patients with KIT exon 9 mutations who were
randomly assigned for the initial dose of imatinib was and will prob-
ably remain unique, and it also can be considered mature, with a
censoring rate of 10% for progression and 33% for survival. Therefore,
we carried out a few more exploratory analysis of this patient subset.
Time to imatinib failure was identical in the two randomized arms.
However, this analysis is biased in favor of the standard-dose arm: in
the high-dose arm (and in patients who did not cross over), imatinib
failure occurred after a 20% increase of the tumor load (or develop-
ment of new lesions); in patients who crossed over to the high-dose
level, imatinib failure occurred after two successive increases of at least
20% in the tumor load (ie, a total increase of at least 44%, or develop-
ment of new lesions). Therefore, we cannot exclude an advantage of
upfront high-dose therapy on those grounds.

This meta-analysis that was based on 1,640 patients confirmed
that initial treatment with a daily dose of imatinib 800 mg, compared
with the registered daily dose of 400 mg, does not have any advantage
for most patients. As toxicity of the drug is clearly dose dependent,14

400 mg should remain the standard starting dose. The only exception
may be patients who harbor KIT exon 9 mutations, for whom high-
dose therapy would potentially delay the first occurrence of disease
progression and increase objective response rate. Therefore, imatinib
800 mg could be explored as neoadjuvant treatment for patients with
locally advanced disease and KIT exon 9 mutations to decrease tumor
burden before surgery. Because there was no impact on overall sur-
vival or time to imatinib failure in our study, it remains unclear
whether an initial daily dose of imatinib 400 mg followed by dose
escalation to 800 mg at the time of first progression would be equiva-
lent as systemic treatment for patients with metastatic disease who
harbor KIT exon 9 mutations.
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