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Visual Abstract
IMPORTANCE Adjuvant imatinib is associated with improved recurrence-free survival (RFS)
when administered after surgery to patients with operable gastrointestinal stromal tumor
(GIST), but its influence on overall survival (OS) has remained uncertain.
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OBJECTIVE To evaluate the effect of adjuvant imatinib on OS of patients who have a high

estimated risk for GIST recurrence after macroscopically complete surgery.
DESIGN, SETTING, AND PARTICIPANTS In this open-label, randomized (1:1), multicenter phase 3
clinical trial conducted in Finland, Germany, Norway, and Sweden, 400 patients who had
undergone macroscopically complete surgery for GIST with a high estimated risk for
recurrence according to the modified National Institutes of Health Consensus Criteria were
enrolled between February 2004 and September 2008. Data for this follow-up analysis were
analyzed from September to November, 2019.
INTERVENTIONS Imatinib 400 mg/d administered orally for either 12 months or 36 months

after surgery.
MAIN OUTCOMES AND MEASURES The primary end point was RFS; the secondary objectives
included OS and treatment safety.
RESULTS The intention-to-treat cohort consisted of 397 patients (12-month group, 199;
36-month group, 198; 201 men and 196 women; median [IQR] age, 62 (51-69) years and
60 (51-67) years, during a median follow-up time of 119 months after the date of
randomization, 194 RFS events and 96 OS events were recorded in the intention-to-treat
Population. Five-year and 10-year RFS was 71.4% and 52.5%, respectively, in the 36-month
group and 53.0% and 41.8% in the 12-month group (hazard ratio [HR], 0.66; 95% CI,
0.49-0.87; P = .003). In the 36-month group, 5-year OS and 10-year OS rates were 92.0%
and 79.0%, respectively, and in the 12-month group 85.5% and 65.3% (HR, 0.55; 95% CI,
0.37-0.83; P = .004). The results were similar in the efficacy population, from which
15 patients who did not have GIST in central pathology review and 24 patients who had
intra-abdominal metastases removed at surgery were excluded (36-month group, 10-year
OS 81.6%; 12-month group, 66.8%; HR, 0.50; 95% CI, 0.32-0.80; P = .003). No new safety
signals were detected.
CONCLUSIONS AND RELEVANCE Three years of adjuvant imatinib is superior in efficacy
compared with 1 year of imatinib. Approximately 50% of deaths may be avoided during
the first 10 years of follow-up after surgery with longer adjuvant imatinib treatment.
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT00116935
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T

he survival outcomes of patients with gastrointestinal
stromal tumor (GIST) with overt metastases improved
greatly after the approval of imatinib.1 Yet, the median
survival time of patients with advanced GIST is still only about
2 to 3 years. Administration of imatinib in the adjuvant setting to patients who have a high risk of recurrence despite macroscopically complete surgery is an attractive strategy for improving survival. Imatinib remains the only approved tyrosine
kinase inhibitor (TKI) for adjuvant treatment of GIST.
The National Comprehensive Cancer Network of the US
guidelines recommend postoperative imatinib for at least 36
months for high-risk GISTs based on the randomized clinical
trials conducted,2-7 and the European Society for Medical
Oncology guidelines for 3 years as the standard treatment for
patients with a significant risk for relapse.8 Both recommendations were influenced by the results of the Scandinavian
Sarcoma Group XVIII/German (SSGXVIII/AIO) clinical trial that
compared 3 years of adjuvant imatinib with 1 year of imatinib.
The SSGXVIII/AIO trial has been analyzed twice, after median
patient follow-up durations of 54 months4 and 90 months.6 In
both analyses overall survival (OS) was longer in the 3-year group
than in the 1-year group, but whether imatinib improves OS after extended follow-up remains uncertain.
We amended the SSGXVIII/AIO study protocol to allow a
third analysis of the trial. In this analysis we investigated survival when the last patient entered reached 10 years of follow-up after the date of randomization. This is the maximum
follow-up time available because the patients were scheduled for 10 years of follow-up. We also collected data about cardiac events and second cancers.

Key Points
Question Does administration of adjuvant imatinib for 3 years
after macroscopically complete surgery prolong overall survival
(OS) compared with 1-year administration in patients with
localized gastrointestinal stromal tumor (GIST) with high-risk
features?
Findings This secondary analysis of a randomized clinical trial
of 397 patients with high-risk GIST found that, after a median
follow-up time of 10 years after the study entry, patients randomly
allocated to receive 3 years of imatinib had longer recurrence-free
survival and OS than patients allocated to 1 year of imatinib:
Approximately one-half of deaths were avoided with the longer
treatment. No new adverse safety signals were detected.
Meaning Three years of treatment with adjuvant imatinib was
associated with improved OS compared with 1 year of imatinib in
patients with high-risk GIST.

puter generated random numbers.4 Staging was performed
within 4 weeks prior to initiating imatinib using computed
tomography (CT) or magnetic resonance imaging (MRI) of the
abdomen and the pelvis, and CT or radiography of the chest.
Imaging of the abdomen and the pelvis with CT or MRI, blood
tests, and physical examination were carried out periodically
during treatment and follow-up.4,6 Adverse events were captured and graded. The histologic diagnosis of GIST and risk
stratification were done by local pathologists and reviewed centrally. KIT (NCBI Entrez gene 3815) exons 9, 11, 13, and 17, and
PDGFRA (NCBI Entrez gene 5156) exons 12, 14, and 18 were
sequenced centrally.4

Statistical Analysis

Methods
Design
The SSGXVIII/AIO trial (NCT00116935) is an open-label,
multicenter, randomized, phase 3 study. The study participants
were assigned in an 1:1 ratio to adjuvant imatinib, 400 mg, once
daily orally for either 12 or 36 months after surgery. The primary
end point was RFS, secondary objectives included OS.4
National or regional ethics boards or the institutional
review committees approved the study. The participants provided written informed consent prior to randomization. The
study was conducted according to the Good Clinical Practice
guidelines.

Patients
Eligible patients underwent macroscopically complete
surgery for a tumor that was histologically verified as
KIT-positive GIST.4 For inclusion, GIST was required to have
a high estimated risk of recurrence according to the modified
National Institutes of Health (NIH) consensus criteria.9 The exclusion criteria included inoperable, metastatic, or recurrent
GIST, and administration of imatinib preoperatively for GIST.4

Study Procedures
The trial protocol and statistical analysis plan are available in
Supplement 1. The patients were allocated to groups using comE2

The study protocol was amended to allow a third analysis of
the trial data in April 2017.
The analysis was scheduled when the last patient entered to the study and still in follow-up had completed the full
study follow-up period (10 years after surgery). The data collection cut-off date was December 31, 2018.
Participant RFS was defined as the time interval between
the date of randomization and the date of first documentation of GIST recurrence or death, whichever occurred first, censoring patients alive without recurrence on the date of last
follow-up. Participant OS was defined as the time period from
the date of randomization to death, censoring patients alive
on the date of last follow-up. Patients lost to follow-up were
censored on the date of the last follow-up visit.
The estimated study sample size was 400 patients.4 Patients who signed informed consent and were randomized
formed the intention-to-treat population (ITT). The efficacy
population consisted of patients who signed consent, had GIST
confirmed at the central pathology assessment, and did not
have metastases removed at laparotomy.
Survival between groups was compared using the KaplanMeier method and an unstratified log-rank test (P values), and
an unstratified Cox proportional hazards model (HRs). The subgroup analyses were performed similarly, each subgroup variable category was entered at a time. The subgroup analyses
were predefined in the Statistical Analysis Plan (written in
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Figure 1. Kaplan-Meier Estimates of Survival Outcomes
A Recurrence-free survival in the intention-to-treat population
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A, Recurrence-free survival in the intention-to-treat population. B, recurrence-free survival in the efficacy population. C, Overall survival in the intention-to-treat
population. D, Overall survival in the efficacy population.

March 2010) (Supplement 1), and the factors included were the
high-risk GIST features defined in the modified NIH consensus criteria,9 age at diagnosis, and the site of KIT mutation.
The P values are 2-tailed and not adjusted for multiple testing. Statistical analyses were done with SAS statistical software for Windows (version 9.4, SAS Institute Inc). Data were
analyzed between September and November, 2019.

Results
Patients
Between February 4, 2004 and September 29, 2008, 400
patients were accrued in Finland, Germany, Norway, and
Sweden. Three patients who were randomized without
the patient signing informed consent were excluded from the
analyses. Therefore, the ITT cohort consisted of 397 patients
(12-month group, 199; 36-month group, 198; 201 men and 196
women; median [IQR] age, 62 (51-69) years and 60 (51-67) years,
respectively.). The characteristics of the patients and their tumors were similar in the groups (eTable 1 in Supplement 2).
To form the efficacy population, we excluded from the
ITT population 15 (3.8%) patients who did not have GIST at
jamaoncology.com

tumor central pathology review and 24 (6.0%) patients who
had metastases removed in addition to the primary tumor
at laparotomy. The effic acy population consisted of
358 patients (12-month group, 181; 36-month group, 177;
eFigure 1 in Supplement 2).

Survival
The median follow-up time after the date of randomization
was 119 months (12-month group, 118 months; 36-month group,
119 months). Seventeen (4.3%) patients were lost to follow-up (12-month group, 7; 36-month group, 10). In the ITT
population 106 and 88 RFS events were recorded in the
12-month and 36-month groups, respectively, and in the efficacy population 92 and 79 events.
The patients assigned to 36 months of imatinib had
longer RFS compared with those assigned to 12 months of
imatinib (Figure 1). In the ITT population, the Kaplan-Meier
5-year and 10-year RFS estimates were 71.4% and 52.5%, respectively, in the 36-month group, and 53.0% and 41.8% in the
12-month group (HR, 0.66; 2-sided 95% CI, 0.49-0.87;
P = .003). In the efficacy population, the 10-year RFS estimates were 52.4% and 44.2% in the 36-month and 12-month
groups, respectively (HR, 0.70; 95% CI, 0.52-0.94; P = .02).
(Reprinted) JAMA Oncology Published online May 29, 2020
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Figure 2. Recurrence-Free Survival in Prespecified Subgroups
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Ninety-six patients died during the follow-up (12-month
group, 60; 36-month group, 36). Most patients (79 [82%]) died
with overtly metastatic GIST (12-month group, 49 [82%]; 36month group, 30 [83%]). Five-year and 10-year OS was 92.0%
and 79.0%, respectively, in the 36-month group in the ITT
population, and 85.5% and 65.3% in the 12-month group (HR,
0.55; 95% CI, 0.37-0.83; P = .004). In the efficacy population
81.6% and 66.8% of the patients survived for at least 10 years
after the date of randomization in the 36-month group and the
12-month group, respectively (HR, 0.50; 95% CI, 0.32-0.80;
P = .003).
Subgroup analyses of RFS generally favored 36 months
of treatment in the ITT population (Figure 2). Patients with
high tumor mitotic counts benefited more form the longer
treatment than patients with smaller counts. The findings
were generally similar when OS was analyzed instead of RFS
(eFigure 2 in Supplement 2).

Survival After GIST Recurrence
We performed an exploratory analysis not defined in the study
protocol or in the statistical analysis plan to investigate the duration of survival from the date of GIST recurrence to the date
of death or the last follow-up visit in the subset of 175 patients whose GIST recurred during the follow-up (12-month
group, 94; 36-month group, 81). Participant OS was similar in
the 2 groups after the date of GIST recurrence (12-month group,
median survival 6.7 years; 36-month group, 6.4 years; HR, 1.00;
95% CI, 0.62-1.61; P > .99). Most patients in each group survived at least for 5 years after the date of GIST recurrence
(12-month group, 60.8%; 36-month group, 66.9%).

Cardiac Safety and Second Cancers
Similar numbers of cardiac events were recorded in the groups.
Twelve (6.2%) of the 194 evaluable patients in the 12-month
group and 10 (5.1%) of the 198 patients in the 36-month group
had 1 or more cardiac events (eTable 2 in Supplement 2). Only
1 patient died from cardiac failure.
E4

GIST indicates gastrointestinal
stromal tumor; (n) indicates the
number of patients; (e) indicates
the number of events (either GIST
recurrence or death).

Twenty-four (12.1%) and 34 (17.2%) patients in the 12month group and in the 36-month group, respectively, were
diagnosed with cancer other than GIST during the follow-up.
The most commonly detected cancer was prostate cancer
(7 patients in each group), followed by basal cell carcinoma of
the skin (12-month group, 3; 36-month group, 1), and melanoma (12-month group, 3; 36-month group, 1). Other types of
cancers were detected in 3 or fewer individuals. Seven (3.5%)
and 8 (4.0%) patients in the 12-month and the 36-month
groups, respectively, died from cancer other than GIST.

Discussion
Adjuvant imatinib administered for 3 years to patients with
a high risk of GIST recurrence after macroscopically complete surgery was associated with prolonged RFS and OS. The
HRs for OS observed suggest that the 3-year treatment may prevent approximately one half of deaths during the first decade
of follow-up compared with 1-year of imatinib. In the 2 earlier
analyses of the SSGXVIII/AIO clinical trial the point estimates
of the HR for OS were roughly similar as in the current
analysis,4,6 but the statistical significance was only borderline, possibly owing to a shorter follow-up time and fewer
events in the analyses.
Neither a clinical trial that compared 1 year of adjuvant imatinib to 1 year of placebo, nor a trial that compared 2 years of
adjuvant imatinib to observation found an association between imatinib treatment with prolonged OS.2,3,5 In an analysis consisting of pooled individual patient data from 10 population-based GIST series where each patient was treated with
surgery alone without adjuvant therapy, the 10-year RFS was
40% in the subset of patients with localized high-risk GIST defined with the modified NIH risk criteria,10 which is a similar
10-year RFS rate as we found in this study when the patients
were treated with surgery plus 1 year of adjuvant imatinib.
Taken together, these data suggest that to obtain a survival

JAMA Oncology Published online May 29, 2020 (Reprinted)

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Norwegian Institute of Public Health User on 05/29/2020

jamaoncology.com

Survival Outcomes Associated With 3 Years vs 1 Year of Adjuvant Imatinib for Patients With High-Risk GIST

benefit the duration of adjuvant imatinib needs to be relatively long.
Despite the unfavorable GIST prognostic features, OS was
high particularly in the 36-month group. Participant OS after
GIST recurrence was similar in the 2 groups, and the median
survival time with overtly metastatic GIST exceeded 6 years.
This duration of survival does not compare unfavorably to patient series treated with first-line imatinib and without adjuvant imatinib,11 suggesting that adjuvant imatinib may not
markedly impair the efficacy of subsequent TKI treatments.
This hypothesis needs, however, to be viewed with caution owing to confounding factors, such as availability of novel effective treatments for advanced GIST.12,13 The longitudinal imaging
of the study patients may have resulted in early detection of
recurrences, potentially leading to a lead time bias and slow
emergence of gene mutations that confer drug resistance.
No new safety signals were detected. Some findings suggest that imatinib is cardiotoxic, sometimes associated with
congestive heart failure,14 but only 1 patient was diagnosed with
cardiac failure. The most commonly diagnosed second cancer was prostate cancer, but only 1 patient died from prostate
cancer.
It is unknown whether longer than 3 years of adjuvant imatinib administration confers benefits compared with 3 years
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of imatinib treatment. Two randomized clinical trials that compare either 5 years or 6 years of adjuvant imatinib to 3 years of
imatinib treatment (NCT02413736 and NCT02260505,
respectively) are accruing patients.

Limitations
The 10-year median follow-up time may still be too short for
the full evaluation of adjuvant imatinib. Recurence-free survival events continued to occur throughout the follow-up. The
dose of imatinib administered may have been too low for patients with KIT exon 9 mutation,15 which is a potential study
limitation. Seventeen patients were lost to follow-up.

Conclusions
These findings suggest that 3 years of adjuvant imatinib is
superior in efficacy compared with 1 year of imatinib in the
treatment of patients with GIST with a high risk of GIST recurrence after macroscopically complete surgery, when the risk
is estimated using the modified NIH criteria.9,10 This analysis
suggests that approximately 50% of deaths could be avoided
during the first 10 years of follow-up after surgery with the
longer treatment.
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