
ABSTRACT

Background. The oral tyrosine kinase inhibitor (TKI) imatinib
has revolutionized the treatment of gastrointestinal stromal
tumors (GISTs), most of which harbor oncogenic mutation in
genes thatencodethereceptor tyrosinekinasesKITorPDGFA.
Imatinib is the standard of care for patients with advanced
GISTand forpatientswithprimaryGISTat significant riskof re-
currence after surgery.
Design. This review discusses data supporting continuous ki-
nase suppression with imatinib and key issues, including re-
sponse to imatinib reintroduction, effect of treatment
interruption on secondary resistance to imatinib, and prog-
nostic factors associatedwith sustained response to imatinib.
Results. Long-term follow-up results of the B2222 study and
updated results of the BFR14 trial demonstrate that continu-
ous imatinib treatment inpatientswithadvancedGIST is asso-

ciated with reduced risk of progression. For patients
progressing on or intolerant of imatinib, continuing therapy
with TKIs sunitinib followed by regorafenib is recommended.
In the adjuvant setting, final results of the trial by the Scandi-
navian SarcomaGroup and the SarcomaGroupof theArbeits-
gemeinschaft Internistische Onkologie demonstrate that 3
yearsofadjuvant imatinib, comparedwith1year, significantly
reduces the riskof recurrenceand improvesoverall survival of
patients with KIT-positive GIST at high risk of recurrence.
Conclusions.Maintenance of therapy with TKIs is the key to
successful treatment ofGIST. Results from recent studies pro-
videastrong rationale for continuous imatinib treatment for3
years following surgical resection and long-term continuous
administration in advanced ormetastatic GIST. TheOncologist
2013;18:1192–1199

Implications for Practice: Imatinib interruption in advanced setting results in rapid progression in the vast majority of patients
and should not be recommended outside clinical trials unless patients experienced significant toxicity. The results observed in
advancedGISTneed tobe consideredalso for theuseof imatinib in theadjuvant settingwhere theoptimal durationof imatinib is
unknown (at least three years) andwhere reintroduction of imatinib is the standard of care in case of disease recurrence.

INTRODUCTION

Gastrointestinal stromal tumors (GISTs)arethemostcommon
sarcoma of the gastrointestinal tract, with an estimated inci-
dence of 10–15 cases per 1million people [1]. The KIT protein
is expressed by 95% of GIST specimens and is a sensitive and
specific histological marker for GIST [1]. KIT gain-of-function
mutations contribute significantly to themolecularpathogen-
esis underlyingmost GISTs [2–5]. Approximately 70%–80%of
GISTs contain an activating mutation in the KIT proto-onco-
gene, and 5%–10% have activating mutations in PDGFRA [6].
Mutations inKIT and PDGFRA appear to bemutually exclusive
oncogenicmechanisms in GIST [2, 7].

The advent of imatinibmesylate, an orally bioavailable ty-
rosine kinase inhibitor (TKI) with targets that include KIT,

PDGFR, and BCR-ABL [5], has revolutionized the treatment of
patientswith unresectable ormetastaticGIST. Prior to the ap-
proval of imatinib, no systemic treatments haddemonstrated
a meaningful clinical benefit for patients with advanced GIST
[8]; the median 2-year survival was 26% for GIST patients
treated with chemotherapy in clinical trials. With the use of
imatinib, 2-year survival has increased to more than 70% for
patients with unresectable or metastatic GIST [9]. Given this
and its favorable safety profile, the use of imatinib has been
extendedtotheadjuvantsetting for thetreatmentofadultpa-
tients following resection of KIT-positive GIST [10].

Despite the efficacy imatinib demonstrated in patients
with advanced GIST, the majority of patients will eventually
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experience disease progression [11, 12]. For patients treated
with first-line imatinib for advanced or metastatic GIST, the
median time to progression (TTP) is approximately 24months
[1, 9, 13]. Studies in both themetastatic and adjuvant settings
support the importance of maintaining continuous suppres-
sionofKIT/PDGFRkinaseactivity inorder todelaydiseasepro-
gression and achieve optimal clinical outcomes. The optimal
duration of imatinib therapy is unknown, yet recent reports
support long-term, continuous administration of imatinib
therapy in patients with advanced or metastatic GIST, and at
least 3 years of imatinib is recommended by the U.S.-based
National Comprehensive CancerNetwork (NCCN) for patients
with surgically resected tumors at high risk of recurrence [14].
This review summarizes the data supporting continuous ki-
nase suppression in adjuvant and metastatic settings and ex-
plores other key issues includingwhether patients respond to
imatinib reintroduction after interruption of various treat-
ment durations, the effect of treatment interruption on sec-
ondary resistance to imatinib, and prognostic factors
associatedwith sustained response to imatinib treatment.

Why Is Continuous Kinase SuppressionNecessary for
Treatment of GIST?
Studieshavedemonstrated that interruptionof imatinib ther-
apy in advanced GIST can lead to rapid disease progression,
whereas long-term continuous imatinib treatment is associ-
atedwith reduced risk of GIST progression (Table 1).

The BFR14 randomized phase III study conducted by the
French Sarcoma Group assessed the impact of interrupting
therapyafter 1 year, 3 years, or 5 yearsofdaily treatmentwith
400mgof imatinib inpatientswith advancedGIST [15–18]. In-
terruption of imatinib treatment after 1 year resulted in in-
creased disease progression in 26 of 32 patients (81%)
compared with 8 of 26 patients (31%) who continued treat-
ment after 1 year (p� .0001) [15]. Similarly, progression-free
survival (PFS) was significantly increased in patients who con-
tinued imatinib after 3 years; the 2-year PFS was 80% for pa-
tients in the continuation group versus 16% (p� .0001) in the
interruption group (Fig. 1). Notably, the increased risk of re-
lapse associated with imatinib interruption after 1 year or 3
years of treatment was observed even in patients who
achieved complete response (CR) before randomization [15,
16]. Treatment interruption after 5 years of imatinib also re-
sulted in rapid disease progression in themajority of patients:
45% of patients experienced disease relapse, whereas no dis-
ease progressionwas observed in patients randomized to the
continuation arm (p� .035) [18].

Updated results reported at the American Society of Clini-
cal Oncology 2011 annual meeting included the long-term
outcomeof patients randomized after 1 year (n� 58), 3 years

(n� 50), or 5 years (n� 27) of imatinib therapy after median
follow-up times of 74months, 47months, and 18months, re-
spectively [17]. ThemedianPFSafter1year, 3 years, or5years
was only 7months, 9 months, or 13months after randomiza-
tion to interruption, respectively,whereasmedianPFSwas29
months (1-year randomization) or was not reached (3- or
5-year randomization) in the continuation group [17]. These
results clearly demonstrate that interruptionof imatinib ther-
apy in nonprogressing patients significantly increases the risk
of progression. This held even for patientswith a favorable tu-
mor status at randomization (CR or major partial response
[PR]). Consequently, interruption of imatinib in responding
patients is not recommended unless they experience signifi-
cant toxicities [16].

The BFR14 trial also determined whether long-term con-
tinuous imatinib therapy could have an impact on the inci-
dence of secondary resistance. Time to secondary resistance
(TSR; defined as TTP under imatinib treatment) was found to
increase with duration of continuous treatment; the 2-year
PFS following randomization (in the continuous treatment
arm) increased from 62% (randomization at 1 year) to 80%
(randomization at 3 years) [17]. Consequently, the rate of pa-
tients with relapse at 2 years after randomization decreased
from38% (after 1 year of imatinib) to 20%after 3 years of con-
tinuous treatmentand to0%after5yearsof continuous treat-
ment [17]. Although these results indicatea clear selection for
patients who are responsive to imatinib at later time points,
they also demonstrate that the rate of secondary resistance
decreases over time, suggesting the possibility of long-term
tumor control with continuous imatinib in a significant subset
of patients with advancedGIST.

Decreased risk of relapse over time with continuous ima-
tinib therapy also was seen in patients with advanced GIST in
the phase II B2222 trial (Table 1) [13]. The latest long-term re-
sults were reported at the American Society of Clinical Oncol-
ogy 2011 annual meeting [12]: For all patients (N � 147), the
estimated 9-year overall survival (OS) rate was 35% and the
TTP rate was 14%, which was similar for patients with CR, PR
(both 16%), or stable disease (17%) as best overall response.
Similar to the BFR14 results, the rate of tumor progression in
patients continuously treated with imatinib decreased con-
siderably with time. Consequently, there was also a decreas-
ing risk of death fromGIST over time [12].

Similar observations were made in an earlier phase III
study by the European Organisation for Research and Treat-
mentof Cancer (EORTC) Soft TissueandBoneSarcomaGroup,
the Italian Sarcoma Group, and the Australasian Gastrointes-
tinal Trials Group (Table 1) [19]. In this study, knownas EORTC
62005, 56% of patients receiving 400 mg per day of imatinib
(n � 473) and 50% of patients receiving 800 mg per day (n �
473) experienced progression at a median follow-up of 760
days [19]. Although the median follow-up was short, survival
after first progression was found to increase with TTP [20].
Long-term continuous dosing also is supported by the long-
termresultsof the randomizedphase III S0033 intergrouptrial
[11].Among695eligiblepatientswithadvancedGIST, theme-
dian survival was 54months for patients receiving 400mgper
dayand51months for patients receiving800mgperday,with
a median follow-up of 8.8 years for all survivors; 136 (19.6%)
patientswere known to be alive for at least 8 years. OS at 8, 9,

Theoptimal durationof imatinib therapy is unknown,
yet recent reports support long-term, continuous ad-
ministration of imatinib therapy in patients with ad-
vanced or metastatic GIST, and at least 3 years of
imatinib is recommendedby theU.S.-basedNCCN for
patientswithsurgically resectedtumorsathighriskof
recurrence.
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and10yearswas31%,26%,and21%,respectively,andnonew
long-term toxicities emerged in this analysis [11].

Long-term continuous imatinib therapy appears to pro-
vide optimal tumor control compared with therapy interrup-
tion, as suggested by results from the BFR14 study. Tumor
volumeof residual lesions at the time of imatinib interruption
was compared with tumor volume at the time of best re-
sponse after imatinib reintroduction in 51 patients with pro-
gressive disease (PD) randomized to the interruption arms.
Only 7 patients (41.2%) with CR observed at the time of ran-
domizationachievedanewCRasbest responsewhen imatinib
was restarted, and only 14 patients (56%) with PR achieved a

new PR after imatinib reintroduction [21]. These results pro-
vide strong evidence supporting long-term continuous ima-
tinib treatment for patients with unresectable and/or
metastatic KIT-positive GIST.

Continuous TKI Therapy for AdvancedGIST
Progressing on Imatinib
For patients with advanced GIST progressing on or with intol-
erance of first-line imatinib, second- and third-line treatment
options are available to maintain receptor tyrosine kinase in-
hibition [22–25]. Sunitinib is anoralmultitargetedTKIwith ac-
tivity toward KIT, PDGFR, VEGFR, and several other receptor

Table 1. Randomized clinical studies of imatinib in advanced ormetastatic GIST—beyond 1 year of treatment
B2222 �12, 13� EORTC 62005 �22, 23� S0033 �9, 11� BFR14 �16, 17� RIGHT �28�

Study design Phase II open label, randomized,
multicenter

Phase III open label, randomized,
multicenter

Phase III open label, randomized,
multicenter

Phase III open label, randomized,
multicenter

Phase III randomized, double
blind, single center

Treatment Imatinib 400mg/day vs. 600mg/day
for 3 yr; extension as long as benefit
(�9 yr ongoing)

Imatinib 400mg/day vs. 800mg/day;
indefinite treatment for nonprogressing
patients

Imatinib 400mg/day vs. 800mg/day;
indefinite treatment for
nonprogressing patients

Imatinib 400mg daily followed by
randomization after 1 yr, 3 yr, and
5 yr to either:

Imatinib 400mg/day vs. placebo;
indefinite treatment for
nonprogressing patients

Continuous imatinib until
progression or intolerance

Interrupted treatment until
progression by RECIST followed
by imatinib reintroduction

Imatinib at 600 or 800mg/day in
case of PD

No. of patients n� 73 imatinib 400mg daily; n� 74
imatinib 600mg daily; 26 patients on
continuous imatinib since study entry
atmedian follow-up of 9.4 yr

n� 473 imatinib 400mg/day; n� 473
imatinib 800mg/day

n� 345 imatinib 400mg/day; n�
349 imatinib 800mg/day

n� 434 randomization: 1-yr: n�
26 continuous arm; n� 32
interrupted arm

n� 80 (target)

3-yr: n� 25 continuous arm; n�
25 interrupted arm

5-yr: n� 13 continuous arm; n�
14 interrupted arm

Key inclusion criteria Metastatic and/or unresectable KIT�
GIST

Metastatic and/or unresectable KIT�
GIST

Metastatic or unresectable KIT�
GIST

Metastatic KIT�GIST, no prior
imatinib

Metastatic or unresectable KIT�
GIST

Measurable disease based on
bidimensional Southwest Oncology
Group tumor size criteria

Measurable or nonmeasurable disease Measurable or nonmeasurable
disease

Patients with CR/PR/stable
disease by RECIST after 1, 3, or 5
yr imatinib 400mg/day

CR, PR, or stable disease at 6mo
after the start of first-line
imatinib

Disease progression despite
imatinib and sunitinib

Key efficacy results Primary endpoint
Overall ORR of 68.1% (95%CI:
59.8%–75.5%), similar between
arms at 63-momedian follow-up

Primary endpoint
PFS,median follow-up of 760 days
—56%of patients in 400-mg/day arm

had PD
—50%of patients in 800-mg/day arm

had PD

Primary endpoint
Median PFS
—18mo for 400-mg/day arm
—20mo for 800-mg/day arm

Median follow-up from
randomization; 74, 47, and 18mo
for 1-, 3-, and 5-yr arms,
respectively

Primary endpoint:
PFS
Study ongoing, Clinicaltrials.gov
NCT01151852

Secondary endpoints
—Median TTR of 2.7mo
—Median DOR of 29mo (95%CI:

22–43)
—EstimatedmedianOS of 57mo for

the total population
—Median TTP of 24mo (95%CI:

17–30)
—No significant difference between

arms in TTR, DOR, or OS

Long-term follow-up
—Median follow-up of 9.4 yr
—Estimated TTP rate at 9 yr for all

patients: 14%
—Estimated 9-yr OS rate for all

patients: 35%
—38% for patients with CR/PR
—49% for patients with stable

disease
—0% for patients with PD
—Estimated 9-yr TTP/OS rates by

tumor bulk
—29% TTP and 58%OS in group 1

(�39.1mm2)
—11% TTP and 40%OS in group 2

(39.1 to�102.1mm2)
—13% TTP and 20%OS in group 3

(102.1 to�262.6mm2)
—3%TTP and 23%OS in group 4

(�262.6mm2)

Secondary endpoints
OS (Kaplan-Meier) estimates
400-mg/day arm
—85% at 1 yr
—69% at 2 yr
—800-mg/day arm
—86% at 1 yr
—74% at 2 yr

Response
—52 patients (5%) achieved CR, 442

(47%) achieved PR, and 300 (32%)
achieved stable disease
—No statistically significant

differences between arms
—Median time to best responsewas

107 days (interquartile range:
58–172)
Survival after progressionwas shown to
increasewith TTP (p� .0001)

MedianOS
—55mo for 400-mg/day arm
—51mo for 800-mg/day arm

No statistically significant differences
in ORR, PFS, OS
Median follow-up of 4.5 yr

Long-term survival
Median follow-up of 8.8 yr
—136 patients alive

MedianOS
—54mo for 400-mg/day arm
—51mo for 800-mg/day arm

Estimated (Kaplan-Meier) OS:
—8 yr: 31% (95%CI: 27–34)
—9 yr: 26% (95%CI: 23–29)

10-yr: 21% (95%CI: 17–25)

Primary endpoint
Median PFS
— Interrupted arms: 7mo (1

yr), 9mo (3 yr), and 13mo (5 yr)
—Continuous arms: 29mo (1

yr), not yet reached for 3 and 5 yr

Secondary endpoints
—No significant difference

between arms in TSR or OS
— Imatinib reintroduction

resulted in tumor control in 94%
of patients (49/52)
Relapse rate decreaseswith
treatment duration: 38%, 20%,
and 0% relapse rate in 1-, 3-, and
5-yr continuous arms

Data expected in 2013

Key safety results Imatinib remainedwell tolerated over
long-term administration, no new
serious AEs emergedwith longer
follow-up; no patients withdrew from
the extension study because of AEs

Side effects were frequent butmostly
mild, treatmentwaswell tolerated; 400-
mg/day imatinib arm had fewer dose
reductions (77 �16%� vs. 282 �60%�) and
treatment interruptions (189 �40%� vs.
302 �64%�) comparedwith the 800-mg/
day imatinib arm

Patients on 800mg/day imatinib
experiencedmore grade 3/4/5 AEs
than those on 400mg/day imatinib
(63% vs. 43%);more patients
discontinued imatinib in the 3-yr
group

At 35-momedian follow-up after
3-yr randomization, AEs grade�3
(edema and asthenia) were
similar between the two groups

Abbreviations: AE, adverse event; CI, confidence interval; CR, complete response; DOR, duration of response; GIST, gastrointestinal stromal
tumors; KIT�, KIT-positive; ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial
response; RECIST, Response Evaluation Criteria in Solid Tumors; TTP, time to progression; TTR, time to response.
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tyrosine kinases [22]. Results from a phase III study demon-
strated the efficacy of sunitinib as second-line therapy for ad-
vanced GIST [22]. TTP was significantly increased in sunitinib-
treated patients (n � 207) compared with placebo-treated
patients (n� 105) (median TTP: 27.3 vs. 6.4weeks; hazard ra-
tio [HR]: 0.33; 95% confidence interval [CI]: 0.23–0.47; p �
.0001). In this study, sunitinibwasdosedat50mgperdaywith
4weeks on treatment followed by 2weeks off (schedule 4/2).
Sunitinibadministrationata lowerdose (37.5mgperday)ona
continuousdailydosingschedulewassubsequentlyevaluated
in a phase II study of patientswith imatinib-resistant or -intol-
erant GIST (n� 60); 53% achieved a clinical benefit rate (CBR;
CR plus PR plus stable disease) demonstrative of meaningful
tumorcontrol.Continuousdosingalsowasassociatedwithac-
ceptable safety [23]. TheNCCN guidelines stipulate the use of
sunitinib as the second-line therapy for advanced GIST at 50
mg per day on a schedule 4/2 basis or a continuous daily dose
of 37.5mg per day, at the physician’s discretion [14].

Should patients fail on both imatinib and sunitinib, rego-
rafenib, a third-line treatment option for advanced GIST, has
recentlybeenapprovedbytheU.S.FoodandDrugAdministra-
tion (in February 2013). Similar to sunitinib, regorafenib is an
oral multitargeted inhibitor that blocks the activity of several
kinases including KIT, PDGFR, and VEGFR [24]. Regorafenib
was investigated in clinical studies of patients with advanced
GIST that had progressed on imatinib and sunitinib [24, 25]. In
a phase III study, regorafenib significantly improvedPFSwhen
added to best supportive care, compared with placebo plus
best supportive care (HR: 0.27; 95%CI 0.19–0.39; p� .0001);
mean PFS was 4.8 months in regorafenib-treated patients,
which was five times longer than those treated with placebo
(0.9month) [25].

For patients who have exhausted all available therapies,
theNCCNguidelines recommendcontinuingTKI therapyasan
essential component of best supportive care because discon-
tinuing therapymay lead to accelerated tumor growth by dis-
rupting control of any sensitive GIST clones [26]. Maintaining
treatmentwithaTKI,even in thecaseofPD,mayslowprogres-
sion; therefore, reintroduction or continuation of treatment
with a TKI towhich the patient has already been exposedmay
be an option in individual cases [27]. A clinical trial exploring

this hypothesis (Rechallenge of Imatinib in GIST Having No Ef-
fective Treatment, or RIGHT) is currently being conducted in
Korea [28].

Prospects of Long-TermContinuous TKI Therapy in the
Adjuvant Setting
Recent studies in resected primary GIST suggest that pro-
longed use of adjuvant imatinib is required to reduce the risk
of recurrence (Table 2). The phase III American College of Sur-
geons Oncology Group’s ACOSOG Z9001 study showed that
1-year adjuvant imatinib treatmentwas significantlymore ef-
fective than placebo in reducing recurrence in patients with
completely resected primary GIST (1-year recurrence-free
survival [RFS]: 98% with adjuvant imatinib vs. 83% with pla-
cebo;HR: 0.35;p� .0001) [29]; however, the shapeof theRFS
curves in the placebo and imatinib arms (at least in high-risk
GIST) suggests that 1-year adjuvant treatmentmay only post-
pone, rather than prevent, relapse. These observations re-
quired the approved drug label to stipulate that, in the
adjuvant setting, the optimal treatment duration is unknown,
despite the 1-year results of ACOSOG Z9001.

The phase III study by the Scandinavian Sarcoma Group
and the Sarcoma Group of the Arbeitsgemeinschaft Internis-
tische Onkologie (the SSGXVIII/AIO study) [30] reported a
reduction in the risk of recurrence and a significant improve-
ment in OS in patients receiving 3 years of adjuvant imatinib
comparedwith 1 year of therapy. At amedian follow-up of 54
months,RFSwassignificantly longer forpatientswhoreceived
3 years of adjuvant imatinib (n� 198) than for those who re-
ceived 1-year of adjuvant imatinib (n � 199; HR: 0.46; p �
.0001; 5-yearRFS, 65.6%vs. 47.9%, respectively; Table2) [30].
Patients receiving 3-year adjuvant imatinib also had signifi-
cantly longerOS than those receiving1-yearadjuvant imatinib
(HR: 0.45; p� .019; 5-year OS: 92.0% vs. 81.7%, respectively)
[30].

Based on these results, the NCCN guidelines recommend
treatment with adjuvant imatinib for at least 36 months for
patients with high-risk GIST [14]. It should be noted that in
both arms of the SSGXVIII/AIO trial there was a marked in-
crease in the number of patients with recurrent disease fol-
lowing the discontinuation of imatinib therapy, suggesting
that an even longer duration of adjuvant therapy might yield
additional clinical benefit. As such, theoptimal durationof ad-
juvant imatinib treatmenthasnotyetbeendetermined.Given
the observations from advanced GIST trials, more prolonged
treatment with adjuvant imatinib may benefit some patients
at high risk of recurrence.

The goal of additional ongoing prospective randomized
and nonrandomized clinical trials is to determine the clinical
benefit and safety of prolonged adjuvant imatinib therapy.
The phase III EORTC 62024 trial will assess no adjuvant ima-
tinib therapy versus 2 years of adjuvant imatinib therapy (400

Maintaining treatment with a TKI, even in the case of
PD, may slow progression; therefore, reintroduction
or continuation of treatment with a TKI to which the
patienthasalreadybeenexposedmaybeanoption in
individual cases.

Figure 1. PFS in patients (n � 50) with metastatic or advanced
gastrointestinal stromal tumor randomized to interrupt or con-
tinue imatinib therapy after 3 years of imatinib, withmedian fol-
low-up of 35 months (95% CI: 33–38) after randomization [16].
Reproducedwith permission from Elsevier [16].

Abbreviations: CI, confidence interval; PFS, progression-free
survival.
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mgperday) in patientswith either intermediateor high risk of
recurrencewith completely resected, localized GIST [31]. The
primary endpoint for this trial is TSR, and results are antici-
patedduring2013. Thephase II trial Post-resectionEvaluation
of Recurrence-free Survival for Gastrointestinal Stromal Tu-
mors, or PERSIST-5, with adjuvant imatinib is investigating 5
years of adjuvant imatinib therapy (400 mg per day) in pa-
tients with completely resected GIST (R0) with significant risk
of recurrence, with a primary endpoint of RFS [32].

An ongoing Chinese phase II study is assessing the efficacy
and safety of 5 years of adjuvant imatinib therapy in high-risk
(based onmodifiedNational Institutes of Health criteria) GIST
patients after resection (R0) [33]. Interim results of patients
whose treatment was prematurely interrupted for toxicity rea-
sons or patient refusal had a significantly higher tumor recur-
rence rate compared with patients on continuous imatinib
(45.5% vs. 4.2%, respectively; p� .002). Further 5-year and lon-
gerRFSdata forpatientsenrolled in this studyareexpected [33].
Results from this study need to be interpreted with caution be-

causeit isnotarandomizedtrialandmayreflectanunpredictable
selectionbias, and the sample size is relatively small.

These studies will contribute to a better understanding of
the benefits of longer-term continuous adjuvant imatinib in
patientswithGIST, but there is no randomized study currently
addressing treatmentdurationwithadjuvant imatinib for lon-
ger than 3 years. Consequently, the potential benefits and
harms of such treatments will likely remain controversial. An
increasingly critical issue is the selection of appropriate pa-
tients for long-term imatinib exposure. Ideally, biomarkers
predicting outcome beyond currently available risk assess-
ment should be established. Moreover, additional clarity is
needed tounderstand thebenefit of reintroducing imatinib in
patients who have experienced recurrence or progression.

If Imatinib Therapy Is Interrupted, Can Tumor Control
Be Regained by Reintroducing Imatinib?
In theadvancedormetastatic setting, theBFR14trial assessed
the efficacy of imatinib reintroduction at 400 mg per day
among patients randomized to the interruption arms who

Table 2. Randomized clinical studies of adjuvant imatinib in GIST—1 year of treatment and beyond

ACOSOG Z9001 �25� SSGXVIII/AIO �26, 30� EORTC 62024 �27�

Study design Phase III, placebo controlled, double blind, randomized,
multicenter

Phase III, open label, randomized,
multicenter, prospective

Phase III, open label, randomized,
multicenter

Treatment Imatinib 400mg daily vs. placebo for 1 yr Imatinib 400mg daily for 1 yr vs. 3 yr Imatinib 400mg daily for 2 yr vs.
observation

No. of patients n� 359 imatinib; n� 354 placebo n� 200 1 yr; n� 200 3 yr n� 750 (target)

Key inclusion criteria KIT� primary GIST after complete resection KIT� primary GIST removed at open surgery KIT� primary GIST after complete
resection

Low, intermediate, or high risk of recurrence High risk of recurrence Intermediate or high risk of
recurrence

– Tumor size�3 cm – Tumor size�10 cmOR – High risk: tumor size�10 cmOR
mitotic rate�10/50 HPFs OR
tumor size�5 cm andmitotic
rate�5/50 HPFs

–Mitotic rate�10/50 HPFsOR – Intermediate risk: Tumor size
�5 cm andmitotic rate 6–10/50
HPFs OR tumor size 5–10 cm and
mitotic rate�5/50 HPFs

–Mitotic rate�5/50 and tumor size�5 cm
OR

–

– Tumor rupture –

Key efficacy results Primary endpoint: significantly greater 1-yr RFSwith
imatinib (98%) vs. placebo (83%) atmedian 19.7-mo
follow-up

Primary endpoint: significantly greater RFS
with 3-yr vs. 1-yr imatinib atmedian 54-mo
follow-up (HR: 0.46; 95% CI: 0.32–0.65; p�
.0001)

Study ongoing, Clinicaltrials.gov
NCT00103168

– HR: 0.35; p� .0001 – 5-yr: 65.6% vs. 47.9% Primary endpoint: TSR

Secondary endpoint: no significant difference in 1-yr OS
between two treatment groups at 19.7-momedian
follow-up

Secondary endpoint: significantly greater OS
with 3-yr vs. 1-yr imatinib at 54-momedian
follow-up (HR: 0.45; 95% CI: 0.22–0.89; p�
.019)

Data expected in 2013

– HR: 0.66; p� .47 – 5-yr: 92.0% vs. 81.7%

84.8% overall clinical benefit ratewith
imatinib reintroduction

–No difference between 3-yr vs. 1-yr groups
(76.9% vs. 87.9%, p� .385)

Median time to progression: 35.7mo

– 1-yr group: 39.6mo

– 3-yr group: 20.8mo

–HR: 1.60; 95% CI: 0.67–3.85; p� .289

Key safety results Most common serious AEswere dermatitis (11 �3%� vs.
none), abdominal pain (12 �3%� vs. 6 �1%�), and
diarrhea (10 �2%� vs. 5�1%�) in the imatinib group, and
hyperglycemia (2 ��1%� vs. 7 �2%�) in the placebo
group

Patients on 3-yr imatinib experiencedmore
grade 3/4 AEs than those on 1-yr imatinib
(33% vs. 20%);more patients discontinued
imatinib in the 3-yr group than those in the
1-yr groupwithout GIST recurrence (26% vs.
13%)

Abbreviations: AE, adverse event; CI, confidence interval; GIST, gastrointestinal stromal tumors; HPF, high-power field; HR, hazard ratio; KIT�, KIT-
positive; OS, overall survival; RFS, recurrence-free survival.
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progressed after therapy interruption [15–18]. Of patients
who progressed after discontinuation of 1-year imatinib (n�
26), 92% achieved tumor control (CR, PR, or stable disease)
when imatinibwas reintroduced [15]. Themajorityofpatients
with PD after treatment interruption at 3 years and 5 years
also experienced tumor control after imatinib reintroduction
(100% [20 of 20] and 86% [6 of 7], respectively) [16, 17]. Over-
all, imatinib reintroduction led to tumor control in 94% of pa-
tients (49 of 52) [17]. Despite regaining tumor control, as
discussed above, tumors did not achieve the same level of re-
sponse when compared with the best response before inter-
ruption [24]. These results also emphasize the importance of
maintaining continuous imatinib therapy in nonprogressing
patients.

Comparatively, in the adjuvant setting, a subgroup analy-
sis of 46 evaluable patients from the SSGXVIII/AIO study re-
vealed an overall CBR of 84.8% from imatinib reintroduction
for treating recurring GIST after prior adjuvant imatinib. No
significant difference was observed in the CBR between pa-
tients assigned to adjuvant imatinib for 1 year versus 3 years
(87.9% vs. 76.9%, respectively; p � 0.385) [34]. These results
provide substantial evidence that imatinib reintroduction re-
sults in a high response rate in patients who have completed
prioradjuvant treatmentwith imatinib [34].Furtheranalysis is
needed to confirm the level of tumor response after imatinib
reintroduction.

An issue of concern regarding TKI reintroduction after in-
terruption is whether prior imatinib exposure affects the TSR.
In theupdatedanalysis of BFR14, nodifference for TSRandOS
was observed between the continuation and interruption
arms [17]; however, this study was not powered to demon-
strate any difference in OS, and the absence of difference
must be interpreted with caution. Interestingly, the TTP after
imatinib interruption correlated with the TSR in another sub-
group analysis of the BFR14 trial: Patients who relapsed rap-
idly after stopping imatinib were more likely to show
resistance to imatinib on reintroduction than those who did
not relapse asquickly after interruption [35]. A secondPDwas
observed in63%ofpatientswho relapsed in the first 6months
after imatinib interruption, compared with 35% and 30% of
patients experiencing PD between 6 and 12months and after
12months, respectively [35].

In theaforementionedSSGXVIII/AIOsubanalysisassessing
imatinib reintroduction after prior adjuvant therapy, the me-
dian TTP after starting imatinib for relapsed GIST was 35.7
months. This result is similar to that observed in imatinib-na-
ïve patients, suggesting that prior adjuvant imatinib exposure
mightnothavean impactonTSR[34];however, thesmall sam-
ple size and short follow-up times at the time of the analysis
precludeany firmconclusions.The final resultsof theprospec-
tive randomized EORTC phase III trial specifically addressing
this critical issue are expected to clarify this question and are
eagerly awaited.

Prognostic Factors AssociatedWith Long-Term
Response
To determinewhat prognostic and predictive indicators iden-
tify those patients with advanced GIST who are most likely to
respondwithsustaineddiseasecontrolon long-termimatinib,
a subanalysis of BFR14 evaluated 240 patients treated with

imatinib (400 mg per day) for at least 5 years and compared
characteristicsdatabetweenpatientswhodid (n�173)ordid
not (n�67)experiencePDwhile in thestudy [36].Theanalysis
identified the following characteristics of long-term respond-
ers: female gender (p� .013), good performance status (p�
.003), long delay between diagnosis and imatinib treatment
(p� .018), low tumor volume at inclusion (p� .008), normal
hemoglobin level at inclusion (p� .039), and normal lympho-
cytecountat inclusion(p� .016) [36].Mutationalanalysiswas
available for 40 patients with prolonged response [36]: KIT
exon 11 mutation was detected in 35 patients (87.5%), KIT
exon 9 mutations were detected in 3 patients (7.5%), and no
mutations (wild type [WT])weredetected in2patients (5.0%).
Among GIST patients harboring an alteration of KIT exon 11,
those involving codons 557–560 and 574–579 corresponded
toagroupofpatientswithprolongedPFSandahighsensitivity
to imatinib.Notably, these results indicated thatpatientswith
advanced GIST harboring a KIT exon 9 mutation or WT GIST
could achieve prolonged tumor control with imatinib [36].

Similar observations were recently reported in the B2222
study. Patients with a KIT exon 11 mutation (n � 16), a KIT
exon 9 mutation (n � 3), a PDGFRAmutation (n � 1), or WT
GIST (n � 1) were among the 26 patients who remained on
continuous imatinib therapy [12]. Moreover, both 9-year PFS
(p� .0051)andOS(p� .0043) significantly correlatedwith tu-
mor bulk, indicating that lower tumor bulkmaypredict longer
TTP and improvedOS [12].

Pharmacokinetics and maintenance of effective imatinib
plasma levelsplaya significant role indeterminingclinical out-
come. Ina recent retrospectiveanalysis fromtheB2222study,
patients in the lowest quartile of imatinib trough levels
(�1,100 ng/mL) demonstrated a shorter TTP (11.3 months)
than patients in all other quartiles (�1,100 ng/mL; TTP: 30
months; p� .0029) [37]. More recent prospective evaluation
of imatinib trough levels and PFS in patients with advanced
GIST suggest that an even lower imatinib trough level thresh-
old of 780 ng/mL may be sufficient to achieve extended PFS
[38]. Notably, patients who have undergone major gastrec-
tomy frequently have low imatinib trough plasma levels [39].
Consequently, factors that compromise imatinib dosing may
cause deterioration of treatment outcomes [40].

Furtheranalysesare inprogresswith thegoalofdetermin-
ing whether any clinical, pathological, or molecular features
might serve as markers to identify patients who are more
likely to have sustained disease control on imatinib therapy.

Safety and Tolerability Considerations During
Long-TermContinuous Imatinib Therapy
Considerationmust begiven to themanagementof imatinib-as-
sociatedadverseevents (AEs)with respect to therecommended
long-term continuous daily administration of imatinib in ad-
vanced GIST and to usually 3 years of adjuvant imatinib for pa-
tients at a high risk of recurrence [14]. Imatinib is generally well
tolerated, withmost AEs beingmanageable and often transient
or self-limiting [41]. The feasibility of long-termadministration is
demonstrated by the number of patients who remained in the
BFR14, B2222, and S0033 studies after long-term follow-up [12,
17]. In the EORTC 62005 trial, most side effects occurred within
the first 8 weeks of treatment [22]. In the adjuvant setting, lon-
ger-term (3-year) imatinib was also generally well tolerated, as
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most recently determined in the SSGXVIII/AIO trial [30]. In this
study, the proportion of patients who discontinued adjuvant
imatinib for reasons other than GIST recurrence was 25.8% for
patients in the 3-year group and12.6% for patients in the 1-year
group; thiswasexpected,giventhe longerdurationof treatment
andobservation[30]. Inaddition, imatinibat600mgperdayfor2
years was well tolerated in a phase II study of neoadjuvant and
adjuvant imatinib in patients with primary ormetastatic and re-
current resectable GIST (Radiation Therapy Oncology Group
0132) [42, 43].

AEsmay prompt a patient to request imatinib dose reduc-
tion or treatment interruption or may affect patient adher-
ence to self-administered imatinib therapy, which can be a
particular issue, given the chronic nature of imatinib therapy
[37]. Because of the significant increase in risk of progression
following imatinib interruptionandtheevidenceshowingthat
reintroduction of imatinib generally does not achieve the
same level of tumor response when comparedwith response
before interruption, it is important that imatinib-associated
AEs be recognized early and managed appropriately in order
to avoid significant dose interruptions and to optimize effi-
cacy.

CONCLUSION
Continuous kinase suppression in GIST with imatinib therapy
is supported by several key studies in both themetastatic and
adjuvant settings. Strategieswith the goal of optimizing treat-

ment inadvancedormetastaticGISTbasedon theoptimaldu-
rationof imatinib therapymayparallel treatment strategies in
the adjuvant setting. Interruption of imatinib therapy in pa-
tients responding to treatment in themetastatic setting leads
tohigher ratesofdiseaseprogression, and longer treatment is
associated with reduced rate of progression. Patients with
nonprogressing advanced or metastatic GIST should be given
continuous imatinib therapy, as tolerated, in order to achieve
optimal clinical benefit. Sustained tumor control on continu-
ous imatinib therapy can be achieved in a significant propor-
tion of patients surviving past 9–10 years. For patients
progressing on or intolerant of imatinib, continuing therapy
with TKIs sunitinib followed by regorafenib is recommended
to maintain kinase suppression. In the adjuvant setting, 3
years of imatinib is associated with overall better clinical out-
comecomparedwith1year inpatientswithhigh-riskGISTand
is now considered to be the standard of care for patients at
high risk of recurrence. Because there are currently no ongo-
ing randomized clinical trials that address adjuvant imatinib
treatment duration longer than 3 years, this will remain the
standarddurationof treatment in thenear future formostpa-
tients who have undergone surgery for high-risk GIST.
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