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GASTROINTESTINAL STROMAL
tumor (GIST) is the most
common mesenchymal tu-
mor of the gastrointestinal

tract. Gastrointestinal stromal tumors
are usually found in the stomach or the
small intestine but can occur at any site

along the gastrointestinal tract and
rarely elsewhere within the abdomi-
nal cavity.1 The median age at presen-
tation is 60 to 65 years, and the an-
nual incidence approximately 10 cases
per million.2-4 Most GISTs (75% to 80%)
harbor an activating mutation in the KIT
oncogene and 5% to 10% in platelet-

derived growth factor receptor-!
(PDGFRA), which are important for tu-
mor molecular pathogenesis.5 The ma-
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Context Adjuvant imatinib administered for 12 months after surgery has improved
recurrence-free survival (RFS) of patients with operable gastrointestinal stromal tu-
mor (GIST) compared with placebo.

Objective To investigate the role of imatinib administration duration as adjuvant treat-
ment of patients who have a high estimated risk for GIST recurrence after surgery.

Design, Setting, and Patients Patients with KIT-positive GIST removed at sur-
gery were entered between February 2004 and September 2008 to this randomized,
open-label phase 3 study conducted in 24 hospitals in Finland, Germany, Norway, and
Sweden. The risk of GIST recurrence was estimated using the modified National In-
stitutes of Health Consensus Criteria.

Intervention Imatinib, 400 mg per day, orally for either 12 months or 36 months,
started within 12 weeks of surgery.

Main Outcome Measures The primary end point was RFS; the secondary end points
included overall survival and treatment safety.

Results Two hundred patients were allocated to each group. The median follow-up
time after randomization was 54 months in December 2010. Diagnosis of GIST was
confirmed in 382 of 397 patients (96%) in the intention-to-treat population at a cen-
tral pathology review. KIT or PDGFRA mutation was detected in 333 of 366 tumors
(91%) available for testing. Patients assigned for 36 months of imatinib had longer
RFS compared with those assigned for 12 months (hazard ratio [HR], 0.46; 95% CI,
0.32-0.65; P" .001; 5-year RFS, 65.6% vs 47.9%, respectively) and longer overall
survival (HR, 0.45; 95% CI, 0.22-0.89; P=.02; 5-year survival, 92.0% vs 81.7%). Ima-
tinib was generally well tolerated, but 12.6% and 25.8% of patients assigned to the
12- and 36-month groups, respectively, discontinued imatinib for a reason other than
GIST recurrence.

Conclusion Compared with 12 months of adjuvant imatinib, 36 months of imatinib
improved RFS and overall survival of GIST patients with a high risk of GIST recur-
rence.

Trial Registration clinicaltrials.gov Identifier: NCT00116935
JAMA. 2012;307(12):1265-1272 www.jama.com
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lignancy potential of GIST varies from
negligible in micro GIST to aggressive
cancer.6,7 Several stratification schemes
are available for assessing the risk of
recurrence when GIST has been re-
sected with potential curative in-
tent.1,2,8-10

Patients with advanced GIST usu-
ally respond to imatinib mesylate and
other agents that inhibit KIT and
PDGFRA, but eventually most pa-
tients have disease progression.11,12 Ad-
juvant imatinib administered for 12
months after surgical removal of KIT-
immunopositive GIST prolongs recur-
rence-free survival (RFS) compared
with placebo, but its effect on survival
is unknown. Recurrence of GIST is
common during the first years follow-
ing discontinuation of adjuvant ima-
tinib, suggesting that 12 months of ad-
ministration may be too short a time
period.13 We hypothesized that longer
than 1 year of adjuvant imatinib treat-
ment might be beneficial and com-
pared 3 years of imatinib administra-
tion to 1 year of administration as
adjuvant treatments for GIST patients
who were considered to have a high risk
of GIST recurrence following surgery.

METHODS
Patients were eligible when they were
18 years of age or older and had GIST
removed at open surgery. A time inter-
val of more than 1 week but less than
12 weeks was allowed between the date
of surgery and the date of randomiza-
tion. The GIST was required to be his-
tologically diagnosed, to be KIT
(CD117) positive in immunostaining,
and to have a high estimated risk of re-
currence according to the modified Na-
tional Institutes of Health (NIH) Con-
sensus Criteria with at least 1 of the
following features: (1) the longest tu-
mor diameter greater than 10.0 cm, (2)
mitotic count greater than 10 mitoses
per 50 high power fields of the micro-
scope, (3) tumor diameter greater than
5.0 cm and mitotic count over 5, or (4)
tumor rupture before surgery or at sur-
gery.8,9 The study participants were re-
quired to have Eastern Cooperative On-
cology Group performance status 2 or

less14 and adequate renal, hepatic, and
bone marrow function. We excluded
patients who had inoperable, meta-
static, or recurrent GIST; those who had
congestive heart failure or myocardial
infarction within 6 months of study en-
try or other severe or uncontrolled
medical disease; patients with other in-
vasive cancer diagnosed within 5 years
prior to study entry; pregnant or breast-
feeding patients; patients with human
immunodeficiency virus infection; and
patients who had received either che-
motherapy or neoadjuvant imatinib for
GIST prior to randomization. Patients
who had operable intra-abdominal
GIST metastases and could be ren-
dered free from all macroscopic tu-
mors at surgery were allowed to enter
the study until October 2006, when the
study protocol was amended and such
patients were excluded.

Study Design and Treatment
In this prospective, open-label, mul-
ticenter, randomized, phase 3 study,
the participants were assigned in a
1-to-1 ratio to treatment with oral
imatinib, 400 mg once daily, either
for 12 months or for 36 months as
adjuvant treatments.

The primary objective was RFS, de-
fined as the time period from the date
of randomization to the date of first
documentation of recurrence (with cy-
tological or histological confirmation or
with radiological evidence) or death,
whichever occurred first; patients who
were alive without recurrence were cen-
sored on the date of last follow-up. Sec-
ond cancers were not considered events.
The secondary objectives included
treatment safety; overall survival, de-
fined as the time period from the date
of randomization to death censoring pa-
tients who were alive on the date of last
follow-up; and GIST-specific survival,
defined as the time period from the date
of randomization to the date of death
considered to be caused by GIST, cen-
soring patients alive on the date of last
follow-up and those who died from an-
other cause on the date of death.

The study protocol was approved by
the institutional review committees.

The participants provided written in-
formed consent prior to study entry.
The study was conducted according to
the Good Clinical Practice guidelines.

Randomization
Randomization was performed using
computer-generated random num-
bers at the Scandinavian Sarcoma
Group secretariat, Lund University,
Sweden. Permutated blocks of 4 were
used in random assignment of the pa-
tients into groups. At randomization,
the patients were stratified into 2 strata:
local disease (no tumor spillage and R0
resection [complete surgical removal of
the tumor]) and intra-abdominal dis-
ease (tumor rupture or R1 resection
[suspected microscopic residual tu-
mor infiltration]). The result of ran-
domization was communicated to the
study centers by fax.

Procedures
Contrast enhanced computed tomog-
raphy (CT) or magnetic resonance
imaging (MRI) of the abdomen and pel-
vis and CT of the chest or chest x-ray
were mandatory staging examinations
and were required within 28 days prior
to the first dose of the study drug. Both
groups had CT or MRI of the abdo-
men and pelvis at 6-month intervals
during treatment and follow-up. Blood
cell counts and chemistries were per-
formed at 2- to 6-week intervals dur-
ing the first year in the study, at
3-month intervals during the second
and the third years in the study, and
subsequently at 6-month intervals.
Physical examination was done 4 weeks
after study entry, subsequently at ap-
proximately 3-month intervals until 36
months in the study, and following this
at 6-month intervals.

Toxicity was graded according to
the National Cancer Institute Com-
mon Toxicity Criteria version 2.0 (http:
//ctep.cancer.gov). The dose of ima-
tinib was modified when grade 3 or 4
hematological toxicity occurred or
when grade 2 to 4 nonhematological
toxicity was encountered. The dose was
reduced to 300 mg once daily when-
ever grade 3 or 4 nonhematological tox-
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icity occurred or when grade 2 nonhe-
matological toxicity or grade 3 or 4
hematological toxicity recurred. No
dose reductions were performed for
grade 3 or 4 anemia.

Administration of other anticancer
drugs, investigational drugs, radiation
therapy, warfarin sodium, or granulo-
cyte growth factors was not allowed.
Loperamide was recommended for pa-
tients with grade 1 or 2 diarrhea to avoid
interruption of imatinib dosing.

Tumor histological diagnosis and risk
stratification were based on local pa-
thology assessment. Mutation analy-
sis of KIT and PDGFRA was not man-
datory before study entry. After study
entry, tumor histology was reviewed
and mitosis counting was done cen-
trally by 1 of 2 pathologists (E.W. or
M.S.-R.). KIT (NCBI Entrez gene 3815)
and PDGFRA (NCBI Entrez gene 5156)
mutation analysis was carried out cen-
trally at either the Department of Pa-
thology, University of Bonn, or Bio-
medicum, University of Helsinki. KIT
exons 9, 11, 13, and 17 and PDGFRA
exons 12, 14, and 18 were screened for
mutations.15,16

Statistical Analysis
The modified intention-to-treat popu-
lation consisted of randomized pa-
tients who signed informed consent and
the efficacy population of patients who
signed informed consent, had cen-
trally confirmed GIST, and did not have
metastases resected prior to study en-
try. The safety population included pa-
tients who took at least 1 dose of the
study medication.

The trial was initiated as a Scandi-
navian Sarcoma Group randomized
phase 2 study with planned accrual of
80 patients. Once the Arbeitsgemein-
schaft Internistische Onkologie joined
the trial, the study power calculations
were revised and the trial was ex-
panded to a phase 3 trial in October
2004, when 46 patients had been en-
tered. The final study sample size was
estimated by simulating log-rank tests
assuming a hazard ratio (HR) of 0.44
in favor of the 36-month group. At least
110 events were required in the effi-

cacy population to achieve a power of
80% with 160 patients in each group
using a 2-sided significance level of .05.
Assuming a drop-out rate of 20%, we
planned to randomize 200 patients to
each group. Sample size calculation was
performed with nQuery Advisor ver-
sion 6.0 (Statistical Solutions).

Efficacy analyses are based on the
efficacy population (the primary
analysis population in the statistical
analysis plan, approved on March 15,
2010) and the modified intention-to-
treat population. Subgroup analyses
were predefined in the statistical
analysis plan. Patients lost to follow-
up were censored on the date of
the last follow-up visit. Frequency
tables were analyzed using the #2

test or Fisher exact test. Survival
between groups was compared using
the Kaplan-Meier life-table method
and unstratified log-rank test (P val-
ues) or an unstratified Cox propor-
tional hazards model (HRs). The sub-
group analyses were done similarly for
each subgroup variable category at a
time. Prognostic factors were analyzed
using a Cox model with forward selec-
tion and backward elimination. All P
values are 2-sided and not adjusted for
multiple testing. Statistical analyses
were performed with SAS version 9.2
for Windows (SAS Institute).

RESULTS
Between February 4, 2004, and Septem-
ber 29, 2008, 200 patients were ran-
domly assigned to the 12-month group
and 200 to the 36-month group from 24
centers located in Finland, Germany,
Norway, and Sweden. One patient as-
signed to the 12-month group and 2 as-
signed to the 36-month group were ran-
domized without signing informed
consent and were excluded from analy-
sis. Fifteen patients (3.8%) treated with
imatinib were diagnosed with tumors
other than GIST at a central pathology
review performed after study entry (an-
other soft tissue sarcoma, 11; other le-
sion, 4) (FIGURE 1). Twenty-four pa-
tients (6.0%) who had undergone
resection of intra-abdominal GIST me-
tastases were entered, most before the
protocol amendment in October 2006.

The characteristics of the patients and
tumors were balanced between the
groups (TABLE 1). Mutation analysis
could be performed in 366 of 397 GISTs
(92.2%). KIT or PDGFRA mutation was
present in 333 of 366 tumors (91.0%),
whereas 33 GISTS (9.0%) had wild type
(no mutation detected). Seventeen pa-
tients (8.5%) assigned to the 12-
month group and 11 (5.6%) assigned
to the 36-month group had either in-
termediate-risk GIST (23 patients) or
low-risk GIST (5 patients).

Figure 1. Flow of Patients in Study

400 Patients randomized
after surgery a

199 Included in the intention-to-treat population
1 Excluded (did not provide consent)

198 Included in the intention-to-treat population
2 Excluded (did not provide consent)

181 Included in the efficacy population 177 Included in the efficacy population

18 Excluded
5 Did not have GIST

13 Had metastases at
study entry

21 Excluded
10 Did not have GIST
11 Had metastases at

study entry

200 Randomized to receive adjuvant
imatinib for 12 mo
198 Received treatment as

randomized b

200 Randomized to receive adjuvant
imatinib for 36 mo
198 Received treatment as

randomized 

ITT indicates intention-to-treat.
aThe numbers of individuals screened for eligibility and the reasons for exclusion were not available.
b1 patient assigned to 12 months of imatinib was mistakenly treated with 36 months of imatinib.
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Efficacy
The median duration of follow-up, cal-
culated from the date of randomization
to thedateofdatacollectionclosure (De-
cember31,2010),was54months (inter-
quartile range[IQR],41-66months). Six
patients (3.0%) in the 12-month group
and6(3.0%)inthe36-monthgroupwere
lost to follow-up. The date of data col-
lection closure was triggered by 114 RFS
events (GIST recurrence or death) in the
efficacy population, at which time 134
events had accumulated in the modi-
fied intention-to-treat population. Of
these,84occurredinthe12-monthgroup
and 50 in the 36-month group. Recur-
rence-free survival was longer in the
36-month group compared with the
12-month group (5-year RFS, 65.6% vs
47.9%, respectively; HR, 0.46; 95% CI;
0.32-0.65; P" .001) (FIGURE 2A). In an

analysis stratified by the time in the
study, there was no significant differ-
ence in the hazard of GIST recurrence
or death between the 2 groups during
the first 12 months after randomiza-
tion (HR, 0.64; 95% CI, 0.26-1.57) or
after 36 months of randomization (HR,
1.31; 95% CI, 0.65-2.62), but a sub-
stantial difference emerged during 12
to 24 months and 24 to 36 months after
randomization (HR, 0.26; 95% CI, 0.13-
0.53; and HR, 0.17; 95% CI, 0.07-0.39,
respectively). The results on RFS
remained similar when the analysis was
carried out in the efficacy population
(Figure 2B).

Fewer patients assigned to 36 months
of imatinib administration died dur-
ing the follow-up as compared with
those assigned to the 12-month group
(12 vs 25, respectively), and overall sur-

vival was longer in the 36-month group
(5-year survival, 92.0% vs 81.7%, re-
spectively; HR, 0.45; 95% CI, 0.22-
0.89; P=.02) (Figure 2C). When over-
all survival analysis was restricted to the
efficacy population, the result re-
mained similar (5-year survival, 93.9%
vs 81.7%, respectively; HR, 0.37; 95%
CI, 0.16-0.85; P=.02) (Figure 2D). Sur-
vival specific to GIST tended to favor
the 3-year group; 14 patients in the 12-
month group and 7 in the 36-month
group were considered to have died
from GIST (5-year survival, 95.1% vs
88.5%, respectively; HR, 0.46; 95% CI,
0.19-1.14; P=.09).

Patients assigned to longer imatinib
administration had more favorable RFS
intheexploratorysubgroupanalysespre-
defined in the study statistical analysis
plan(FIGURE3).PatientswithGISTwith
KIT exon 11 mutation benefited from
the longer treatment, whereas no sig-
nificant improvement over 12 months
of imatinib was found in the subsets of
patients whose GIST harbored KIT exon
9 mutation or PDGFRA mutation or
patients who had no mutation in these
genes, but the numbers of patients were
small in these categories.

Adverse Events
A larger proportion of patients discon-
tinued imatinib in the 36-month group
for reasons other than GIST recur-
rence compared with the 12-month
group (51 [25.8%] vs 25 patients
[12.6%], respectively; the reasons were
adverse effect [27 vs 15], patient pref-
erence [11 vs 0], tumor histology not
GIST [6 vs 6], and other or unspeci-
fied reason [7 vs 4]). Almost all study
patients had at least 1 adverse event re-
corded; most events were graded mild
in severity (TABLE 2). Grade-3 or -4 ad-
verse events occurred in 65 (32.8%) and
39 (20.1%) patients assigned to the 36-
month and 12-month groups, respec-
tively, and adverse events leading to
treatment discontinuation in 27
(13.6%) and 15 (7.5%) patients, re-
spectively. The average daily imatinib
dose was 393.1 mg and 394.3 mg in the
12-month and 36-month groups,
respectively.

Table 1. Baseline Characteristics of Patients and Tumorsa

Characteristics

No. (%)

12 mo of Imatinib
(n = 199)

36 mo of Imatinib
(n = 198)

Age, median (range), y 62 (23-84) 60 (22-81)
$65 121 (61) 135 (68)
%65 78 (39) 63 (32)

Sex
Women 95 (48) 101 (51)
Men 104 (52) 97 (49)

Eastern Cooperative Oncology Group
performance statusb

0 169 (85) 170 (86)
1 26 (13) 27 (14)
2 2 (1) 0
Not available 2 (1) 1 (1)

Resected intra-abdominal metastases
Yes 13 (7) 11 (6)
No 186 (93) 187 (94)

Completeness of surgery
Complete resection (R0) 169 (85) 160 (81)
Microscopic residual tumor suspected (R1) 29 (15) 37 (19)
Not available 1 (1) 1 (1)

Primary tumor site
Stomach 97 (49) 105 (53)
Small intestine 74 (37) 62 (31)
Colon or rectum 16 (8) 19 (10)
Other 11 (6) 11 (6)
Not available 1 (1) 1 (1)

Primary tumor diameter, median (range), cm 9 (2-35) 10 (2-40)
"5.1 29 (15) 18 (9)
5.1-10.0 91 (46) 81 (41)
%10.0 78 (39) 98 (50)
Not available 1 (1) 1 (1)

(continued)
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Eight (4.1%) and 4 (2.0%) patients in
the 12-month and 36-month groups, re-
spectively, had 1 or more adverse car-
diac event. One patient was diagnosed
with cardiac failure and 2 with myocar-
dial infarction in the 12-month group;
no one in the 36-month group had these
diagnoses. Fourteen patients (7.2%) in
the 12-month group and 13 (6.6%) in the
36-month groups, respectively, were di-
agnosed with a second cancer.

COMMENT
Three years of adjuvant imatinib im-
proved RFS of GIST patients with a high
estimated risk for recurrence after sur-
gery compared with 1 year of ima-
tinib, with 65.6% and 47.9% of the pa-
tients, respectively, being alive without
recurrence 5 years after study entry.
This 5-year RFS achieved in the 3-year
treatment group compares well with the
expected 5-year RFS of approximately
45% reported from high-risk GIST pa-
tient populations treated with surgery
alone.17 The stratified survival analy-
sis carried out suggests that the differ-
ence in favor of the 36-month group
arose when the patients assigned to this
group were receiving the drug while
those assigned to the 12-month group
were not taking the drug, whereas no
significant difference in RFS was ob-
served when both groups were either
taking or not taking the drug.

The study was powered for RFS, but
the difference in overall survival was also
statistically significant. This likely re-
sulted from efficacy of imatinib on GIST
rather than from other, yet unidenti-
fied, beneficial effects of imatinib. The es-
timated 5-year survival in the 36-
month group was 92.0% despite that the
patients had high-risk GIST and 19.9%
had tumor rupture, which is associated
with high risk of recurrence.18-20 Al-
though treatments given for advanced
GIST likely contribute substantially to
survival, the 5-year survival achieved can
be considered high. To our knowledge,
the current randomized study is the first
to report an overall survival benefit as-
sociated with an oral tyrosine kinase in-
hibitor administered as adjuvant treat-
ment of human cancer.

Few patients had GIST recurrence
while receiving imatinib (4 patients in
the 12-month group and 12 in the 36-
month group), suggesting that ac-
quired resistance to adjuvant imatinib
was infrequent. The first data from the
current study participants whose GIST
recurred after completion of adjuvant
imatinib and who received imatinib as
first-line treatment for advanced GIST
suggest that most such patients re-
spond to imatinib re-challenge and that
the response rate may not differ mark-
edly from that of imatinib-naive pa-
tients regardless of the duration of prior
adjuvant imatinib treatment.21

We used the NIH Consensus Crite-
ria for patient selection,8 but also con-

sidered patients with ruptured GIST as
high-risk patients.18-20 Tumor mitotic
count is a key factor in GIST risk strati-
fication17,22 but has limitations,23 and
making a distinction between the risk
categories is associated with some un-
certainty when the mitosis count is
close to a cutoff that distinguishes the
categories. Seventeen of 28 patients who
entered the study despite not having
high-risk GIST had tumor mitosis count
or tumor size equal to the numerical
cutoff value that differentiates the in-
termediate-risk group from the high-
risk group. It is unknown how well the
present findings on high-risk GIST can
be applied to lower-risk GIST. Recur-
rence of GIST is relatively infrequent

Table 1. Baseline Characteristics of Patients and Tumorsa (continued)

Characteristics

No. (%)

12 mo of Imatinib
(n = 199)

36 mo of Imatinib
(n = 198)

Primary tumor mitotic count: local, median (range)c 10 (0-250) 8 (0-165)
"6/HPF 52 (26) 56 (28)
6-10/HPF 48 (24) 53 (27)
%10/HPF 85 (43) 69 (35)
Not available 14 (7) 20 (10)

Primary tumor mitotic count: central, median (range)c 6 (0-129) 4 (0-135)
"6/HPF 86 (43) 98 (49)
6-10/HPF 29 (15) 25 (13)
%10/HPF 74 (37) 59 (30)
Not available 10 (5) 16 (8)

Tumor rupture prior to or at surgery
No 164 (82) 154 (78)
Yes 35 (18) 44 (22)

Tumor mutation typed

KIT exon 9 12 (6) 14 (7)
KIT exon 11 129 (65) 127 (64)
PDGFRA exon 12 3 (2) 2 (1)
PDGFRA exon 18 22 (11) 19 (10)
PDGFRA exon 18 mutation D842V 18 (9) 14 (7)
Other mutation 3 (2) 2 (1)
Wild type for KIT and PDGFRA 19 (10) 14 (7)
Not available 11 (6) 20 (10)

Modified Consensus Classification Risk Group
High risk 178 (89) 181 (91)
Intermediate risk 15 (8) 8 (4)
Low risk 2 (1) 3 (2)
Very low risk 0 0
Not available 4 (2) 6 (3)

Abbreviations: HPF, high power field of the microscope; PDGFRA, platelet-derived growth factor receptor-! gene.
aData are median (range) or number (%). Percentages may not sum to 100 due to rounding.
bA value of 0 indicates that the patient is fully active; 1, the patient is symptomatic but completely ambulatory; and 2, the

patient is symptomatic but spends less than 50% of time in bed during the day.
cCounts are per 50 high power fields of the microscope.
dAnalyzed centrally after patient entry into the study.
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in the low- and intermediate-risk cat-
egories when the risk is stratified using
the modified NIH Consensus Criteria,
suggesting that the majority of such pa-
tients are cured by surgery.17

Imatinib was usually well tolerated,
but almost all patients had mild ad-
verse effects, and approximately a
fourth of the patients assigned to the
36-month group and 13% of those as-
signed to the 12-month group discon-
tinued imatinib early for a reason other
than recurring GIST. Some patients
might benefit from treatment dura-
tions longer than 3 years, but this hy-
pothesis is best addressed within the

context of a randomized trial, and the
benefits, if any, need to be balanced with
treatment-related toxicity. Imatinib has
cardiac toxicity,24 but we recorded few
cardiac adverse events, suggesting that
cardiac toxicity is relatively low.25

The study has some potential limita-
tions. Although most high-risk GISTs re-
cur early and imatinib is relatively well
tolerated, longer follow-up may pro-
vide further information about safety and
efficacy of adjuvant imatinib. Tumor mu-
tation type likely influences sensitivity
to imatinib,26,27 and efficacy of imatinib
in such subgroups warrants further re-
search. Patients who had completely re-

sectable intra-abdominal metastases were
first allowed to enter the study, but dis-
continuation of imatinib administra-
tion in this subset of patients was no lon-
ger considered justified when the BRF-14
trial results became available.28 Patient
follow-up schedules during and after ad-
juvant imatinib treatment have not been
evaluated, and the optimal schedules are
unknown.

We conclude that 3 years of adjuvant
imatinib administration improved re-
currence-freeandoverall survivalofGIST
patients who are at a high risk of recur-
rence compared with 1 year of ima-
tinib. The effect on overall survival was

Figure 2. Comparison of Recurrence-Free Survival and Overall Survival Between Groups
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Overall survival: intention-to-treat populationC
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Overall survival: efficacy populationD

Comparison of recurrence-free survival in the modified intention-to-treat population (A) and the efficacy population (B). Comparison of overall survival in the modified
intention-to-treat population (C) and the efficacy population (D). The 3-year survival rates of patients assigned to 36 months of imatinib and those assigned to 12
months of imatinib are 86.6% vs 60.1% (A), 88.1% vs 62.1% (B), 96.3% vs 94.0% (C), and 97.6% vs 95.8% (D), respectively, and the 5-year survival rates, 65.6%
vs 47.9% (A), 67.4% vs 50.3% (B), 92.0% vs 81.7% (C), and 93.9% vs 81.7% (D).
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based on a relatively small number of
deaths, and the study patients will con-
tinue to be followed up to confirm the

overall survival benefit. Because GIST re-
currence is frequent after discontinua-
tion of adjuvant imatinib, studies that

evaluate still longer treatments are war-
ranted, as are studies that address novel
agents and their combinations.

Figure 3. Treatment Effects on Recurrence-Free Survival in Subgroups
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HPF indicates high power field of the microscope; HR, hazard ratio; R0, complete surgical removal of the tumor; and R1, surgery with suspected microscopic residual
tumor infiltration or tumor rupture. Information about tumor site, tumor size, local mitosis count, central mitosis count, completeness of surgery, and tumor mutation
site was missing in 2, 2, 34, 4, 2, and 31 cases, respectively (Table 1).

Table 2. Most Frequently Recorded Adverse Events

Events

No. (%)

All Grades Grade 3 or 4

12-mo Group
(n = 194)

36-mo Group
(n = 198)

P
Valuea

12-mo Group
(n = 194)

36-mo Group
(n = 198)

P
Valuea

Any event 192 (99.0) 198 (100.0) .24 39 (20.1) 65 (32.8) .006
Hematological

Anemia 140 (72.2) 159 (80.3) .08 1 (0.5) 1 (0.5) %.99
Leukopenia 67 (34.5) 93 (47.0) .01 4 (2.1) 6 (3.0) .75

Nonhematological
Periorbital edema 115 (59.3) 147 (74.2) .002 1 (0.5) 2 (1.0) %.99
Fatigue 94 (48.5) 96 (48.5) %.99 2 (1.0) 1 (0.5) .62
Nausea 87 (44.8) 101 (51.0) .23 3 (1.5) 1 (0.5) .37
Diarrhea 85 (43.8) 107 (54.0) .04 1 (0.5) 4 (2.0) .37
Muscle cramps 60 (30.9) 97 (49.0) ".001 1 (0.5) 2 (1.0) %.99
Leg edema 64 (33.0) 81 (40.9) .12 1 (0.5) 2 (1.0) %.99

Biochemical
Elevated blood lactate dehydrogenase 84 (43.3) 119 (60.1) .001 0 0
Elevated serum creatinine 59 (30.4) 88 (44.4) .005 0 0

aFisher exact test.
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