
ABSTRACT

Objective. This article presents the clinical effectiveness and
cost-effectivenessof theuseofadjuvant imatinibmesylate for
treating patients with localized primary gastrointestinal stro-
mal tumors (GISTs) and discusses the impact of prolonged
treatmentwith adjuvant imatinib on health care costs.
Methods.Asystematic reviewofthemedical literaturewascon-
ducted to explore recently reported clinical trials demonstrating
the clinical benefit of adjuvant imatinib inGISTs, alongwithanal-
ysesdiscussing theeconomic impactof adjuvant imatinib.
Results. Two phase III trials have demonstrated a significant
clinicalbenefitofadjuvant imatinib treatment inGISTpatients
at risk of recurrence after tumor resection. Guidelines now
suggest adjuvant treatment for at least 3 years in patients at
high risk of recurrence.Despite this clinical effectiveness, pro-
longed use of adjuvant imatinib can lead to an increase in the

risk foradverseeventsandto increasedcosts forbothpatients
and health care systems. However, the increased cost is par-
tially offset by cost reductions associated with delayed or
avoided GIST recurrences. Three years of adjuvant treatment
in high-risk patients was concluded to be cost-effective.
Therefore, the careful selection of patients who are most
likely to benefit from treatment can lead to improved clinical
outcomes and significant cost savings.
Conclusion. Although introducing adjuvant imatinib has an
economic impact on health plans, this effect seems to be lim-
ited. Several analyses have demonstrated that adjuvant ima-
tinib ismorecost-effective for treating localizedprimaryGISTs
than surgery alone. In addition, 3 years of adjuvant imatinib is
more cost-effective than 1 year of adjuvant therapy. The On-
cologist2013;18:689–696

Implications for Practice: Results from twophase III randomized trialswith adjuvant imatinib in gastrointestinal stromal tumors
(GISTs)haveapositive impactonpracticeguidelines.Thesignificant relapse-freesurvival andoverall survivalbenefitsandthe low
toxicity profile associatedwith 3-year adjuvant imatinib, togetherwith the apparent increase in tumor recurrence after patients
had completed 3 years of therapy, served as the foundation for theNational Comprehensive Cancer Network (NCCN) and ESMO
recommendation of at least 3 years of adjuvant imatinib for patients with KIT-positive GISTs at high risk of recurrence after sur-
gery.Moreover, 3 years of adjuvant imatinib ismore cost-effective than1year of adjuvant therapy. Theadjuvant imatinib should
not be used for patients with imatinib-resistant tumor genotypes (e.g., PDGFRAD842Vmutation foundmainly in gastric GISTs),
even for patients with high-risk GISTs.

INTRODUCTION

Imatinib mesylate, an oral tyrosine kinase inhibitor of KIT
and platelet-derived growth factor receptor-�, is the stan-
dard of care in the first-line management of unresectable
and/or metastatic gastrointestinal stromal tumors (GISTs)
[1, 2]. For patients with primary localized GISTs, the stan-
dard curative treatment is surgery [1, 2]. However, for pa-
tients treated surgically– even with complete resection—
the rate of recurrence may be as high as 33% at 5 years [3,
4]. This recurrence is associated with substantial medical
care costs. On the basis of data from the Surveillance, Epi-
demiology, and End Results cancer registry (1993–2002),

Rubin et al. estimated that GIST recurrence was associated
with an additional $101,700 for the cost of care over the
5-year period after initial resection [5]. Therefore, treat-
ments to delay or reduce recurrence could lead to substan-
tial reductions in the disease burden [5].

Twophase III trials havedemonstrated a significant clin-
ical benefit of adjuvant imatinib treatment for patients
with GISTs who are at risk of recurrence after tumor resec-
tion. In the phase III American College of Surgeons Oncol-
ogy Group (ACOSOG) Intergroup Z9001 study, adjuvant
imatinib was shown to significantly delay recurrence com-
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pared with placebo when given for a year after surgical re-
section [6]. In addition, the phase III trial by the
Scandinavian SarcomaGroupand the SarcomaGroupof the
Arbeitsgemeinschaft Internistische Onkologie (SSGXVIII/
AIO) demonstrated that, in patients with a high risk of GIST
recurrence, adjuvant imatinib treatment for 3 years had
greater clinical benefit than treatment for 1 year—not only
delaying recurrences but also improving overall survival of
patients [7]. The National Comprehensive Cancer Network
(NCCN) guidelines now recommend adjuvant imatinib for
at least 3 years for patients with high-risk GISTs [8].

Pharmacoeconomic studies have demonstrated the cost-
effectiveness of first-line imatinib for the treatment of pa-
tients with advancedmetastatic GISTs [9]. On the basis of the
proven clinical effectiveness of adjuvant imatinib therapy for
GISTs fromthetwophase III trialsmentionedpreviously,phar-
macoeconomicmodelsof imatinib in theadjuvant settingalso
havebeendeveloped.Results fromthesepharmacoeconomic
analyses generally support the belief that adjuvant imatinib is
cost-effective and increases the life expectancy of patients
with GISTs [10–13].

This review summarizes the clinical studies supporting ad-
juvant imatinib for GISTs, provides an overview of the cost-
effectiveness analyses of adjuvant imatinib, anddiscusses the
possible impact of these results on criteria for selecting pa-
tients for adjuvant treatment.

CLINICAL EFFECTIVENESS OF ADJUVANT IMATINIB
FORGISTS
Theefficacyof adjuvant imatinib for the treatmentof patients
withGISTs followingsurgical resectionwas firstdemonstrated
in the phase III ACOSOGZ9001 study. Thiswas a double-blind,
randomized,placebo-controlledstudy inpatientswithahisto-
logical diagnosis of KIT-positive, localized primary GISTsmea-
suringat least 3 cm[6]. After complete resectionof the tumor,
1yearofadjuvant imatinibwasshowntosignificantly improve
recurrence-free survival (RFS) rates compared with placebo
(98%vs. 83%, hazard ratio [HR]: 0.35, 95%confidence interval
[CI]: 0.22–0.53;p� .0001) [6]. Inaddition,astatistically signif-
icant clinical benefit in RFSwas seen for patients at high risk of
recurrence (tumor size�10 cm) [6].

A subgroup analysis of this trial demonstrated that tumor
mutationstatuscanpredict response to imatinib [14].Asignif-
icant impact of adjuvant therapy was seen in the high-risk
group of patients with exon 11 KITmutations, with negligible
impact in patients with a PDGFRA D842V mutation [14]. Re-
sults from the phase III ACOSOG Z9001 study prompted the
approval of imatinib for adjuvant use in many countries [15–
17].However,althoughadjuvant imatinibwaseffective inpre-
venting recurrence while patients were on treatment, tumor
recurrences sharply increased 6 months after completion of
therapy, suggesting 1 year of adjuvant imatinib may not be
sufficient [6].

The recent SSGXVIII/AIO trial prospectively evaluated the
impact of a longer duration of treatment, comparing 3 years
versus1yearof adjuvant imatinib therapy inpatientswhohad
ahigh risk for tumor recurrenceafter surgery, according to the
U.S. National Institutes of Health (NIH) consensus criteria [7].
Thetrialdemonstratedthat, comparedwith1yearofadjuvant
imatinib, 3 years of therapy significantly improved RFS rates

(5-yearRFS: 47.9%vs. 65.6%,HR: 0.46, 95%CI: 0.32–0.65;p�
.001; Fig. 1) and overall survival (OS) rates (5-year OS: 81.7%
vs. 92.0%, HR: 0.45, 95%CI: 0.22–0.89; p� .02; Fig. 2) [7]. It is
important to note that in this trial very few patients relapsed
while on adjuvant therapy [7]. Tumor recurrences apparently
increased after patients stopped adjuvant imatinib, even in
the3-year therapygroup, suggesting that3yearsof treatment
may not be enough in some patients. Durations longer than 3
years should be considered for patients with a high risk of re-
currence.

Furthermore, imatinib was generally well-tolerated [7].
Almost all patients experienced at least one adverse event
during the SSGXVIII/AIO study, butmost of these eventswere
mild in severity (Table 1) [7]. Patients on 3-year adjuvant ima-
tinibexperiencedmoregrade3or4adverseevents thanthose
on 1-year adjuvant imatinib (32.8% vs. 20.1%, respectively)
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Figure1. Recurrence-freesurvival for3yearsversus1yearofadju-
vantimatinibtherapyfromthephaseIII trialbytheScandinavianSar-
coma Group and the Sarcoma Group of the Arbeitsgemeinschaft
InternistischeOnkologie. Reprinted from [22]with permission from
theAmericanMedicalAssociation.

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Figure 2. Overall survival for 3 years versus 1 year of adjuvant
imatinib therapy from the phase III trial by the Scandinavian Sar-
coma Group and the Sarcoma Group of the Arbeitsgemeinschaft
Internistische Onkologie. Reprinted from [22] with permission
from the AmericanMedical Association.

Abbreviations: CI, confidence interval; HR, hazard ratio.
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[7]. In addition, more patients discontinued imatinib in the
3-year group than in the 1-year group for a reason other than
GIST recurrence (25.8% vs. 12.6%, respectively), most com-
monly due to adverse events (13.6% vs. 7.5%, respectively)
[7]. The incidenceof cardiacadverseevents (2.0%vs. 4.1%, re-
spectively) or second cancer (6.6% vs. 7.2%, respectively) was
low and comparable in both groups [7].

Similar safetyprofileswerereported intheACOSOGZ9001
and SSGXVIII/AIO trials (Table 1) [6, 7]. In the SSGXVIII/AIO
trial, a higher frequency of recorded grade 3 or 4 adverse
events and a higher discontinuation rate in the 3-year group
were expected, given that these patients had 3 times longer
imatinib exposure compared with patients in the 1-year
group. In addition, when comparedwith the incidence rate of
grade3or 4events reported in theACOSOGZ9001 trial for pa-
tients on placebo (18%) or 1-year imatinib treatment (31%)
[6], grade 3 or 4 adverse events with 3-year adjuvant imatinib
therapy (33%) were infrequent overall in the SSGXVIII/AIO
trial [7]. Discretion is warranted for this comparison because
of the differences in study design and patient populations of
these two trials.

Results from the SSGXVIII/AIO trial have had a positive im-
pact on practice guidelines. The significant RFS and OS bene-
fits and the low toxicity profile associated with 3-year
adjuvant imatinib, together with the apparent increase in tu-
mor recurrence after patients had completed 3 years of
therapy [7], served as the foundation for the NCCN recom-
mendation of at least 3 years of adjuvant imatinib for patients
with KIT-positive GISTs at high risk of recurrence after surgery

[8]. In the United States and Europe, imatinib is indicated for
the adjuvant treatment of patients following complete resec-
tionofKIT-positiveGISTs [15–17].However, theoptimal treat-
ment duration is still unknown [15]. In line with the NCCN
recommendation, the approval of imatinib for adjuvant treat-
ment in Europe is also for patients with a significant risk of re-
currence after tumor resection [17]. The European guidelines
also state that patients at low or very low risk of recurrence
should not be prescribed adjuvant imatinib because the ben-
efits of this therapy have not been established for this patient
population [17].

The clinical effectiveness of adjuvant imatinib in the treat-
mentofpatientswithsurgically resected localizedGISTsalso is
confirmed by the relatively lownumber of patients needed to
treat (NNT) to prevent one recurrence or death [18–20]. On
the basis of results from the ACOSOG Z9001 study, it was esti-
mated that, after 1 year of treatment, seven patients would
need to be treatedwith adjuvant imatinib to avoid one recur-
rence or death [18]. In a follow-up analysis using the results
from the SSGXVIII/AIO trial, the NNT was shown to decrease
with longer follow-up; the NNT decreased to four when pa-
tients receive 3 years of adjuvant imatinib treatment [20]. In
relation to other adjuvant cancer therapies, the effectiveness
of imatinib in this setting is apparent. As a comparison, the
NNTs for other adjuvant cancer therapies when given for 1
year were as follows: NNT of 100 for trastuzumab in breast
cancer; NNT of 20 for cisplatin with 5-fluorouracil in gastric
cancer [18].

Table 1. Adverse events occurring in�30%of patients

Events

ACOSOG Z9001 (%) SSGXVIII/AIO (%)

Placebo
(n� 345)

Imatinib
(n� 337)

12-month imatinib
(n� 194)

36-month imatinib
(n� 198)

All grades Grades 3� All grades Grades 3� All grades Grades 3� All grades Grades 3�

Any event 91 18 99 31 99 20 100 33

Hematological

Anemia 72 �1 80 �1

Leukopenia 35 2 47 3

Nonhematological

Periorbital edema 59 �1 74 1

Fatigue 55 1 43 2 49 1 49 �1

Nausea 51 1 30 2 45 2 51 �1

Diarrhea 56 1 31 2 44 �1 54 2

Muscle cramps 31 �1 49 1

Leg edema 33 �1 41 1

Any edema 30 �1 77 2

Dermatitis 31 0 24 3

Biochemical

Elevated blood lactate
dehydrogenase

43 0 60 0

Elevated serum
creatinine

30 0 44 0

From [6, 7] with permission from Elsevier and the AmericanMedical Association.
Abbreviations: ACOSOG, American College of Surgeons Oncology Group; SSGXVIII/AIO, Scandinavian SarcomaGroup and the SarcomaGroup of the
Arbeitsgemeinschaft InternistischeOnkologie.
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Despite adjuvant imatinib therapy, patients may still de-
velop recurrent disease, either while on or after completing
treatment, whichmay be indicative of a different pathogene-
sis—primaryor secondary resistance, respectively. In thecase
of recurrence during therapy, imatinib dose increase or sec-
ond-line therapy may be warranted. For recurrence after
completion of therapy, restarting imatinib at the standard
dose may be effective. A subgroup analysis of the SSGXVIII/
AIO trial recently demonstrated that most patients who re-
ceived prior adjuvant imatinib treatment respond to imatinib
rechallenge for treating recurrence [21]. Of the 46 evaluable
patients who were treated with imatinib for recurring GISTs,
32.6%achievedacompleteresponse.This rate isveryhighand
may be related to close follow-up of patients after stopping
imatinib therapy and early detection of recurrence with low
tumor burden. Furthermore, 30.4% achieved a partial re-
sponseand21.7%hadstabledisease,yieldingaclinicalbenefit
rate (CBR) of 84.8% [21]. The CBR was similar between pa-
tients assigned to the 1-year and 3-year groups (87.9% and
76.9%, respectively; p� .385) [21].

ECONOMIC VALUE OFADJUVANT IMATINIB FORGISTS
A number of publications have described the cost-effective-
ness of imatinib in the adjuvant setting. Clearly, incremental
prescriptiondrugcosts areobservedwith thebenefitsof adju-
vant treatmentofanyduration (Table2) [22].However, the in-
creased cost has been shown to be partially offset by the
reduction in costs associated with delayed GIST recurrence.
Furthermore, the overall expenditure to provide adjuvant
imatinib treatment to patients with GISTs has been shown to
have a limited budget impact on health plans [19, 22].

Onthebasisof results fromtheACOSOGZ9001study,ade-
cisionanalyticmodel estimated that approximately 12%–22%
of the cost associated with adjuvant imatinib (prescription
drug costs and costs of monitoring patients on adjuvant ima-
tinib) is offset by delaying and avoiding GIST recurrences [22].
Assuming any change in the use of imatinib is in accordance
with current guideline recommendations, the model pre-
dicted that the introduction of adjuvant imatinib would lead
to a net budgetary impact of less than $0.01 per member per
month in the third year (Table 3) [22].

The cost-effectiveness of a treatment can be assessed by
determining howmuch the drug or treatment costs per quali-
ty-adjusted life-year (QALY)gained.AQALY isameasureof the
extra years of life a personmight gain as a result of treatment
that is then adjusted based on the quality of those years. This
type of measure is particularly important when considering
treatments for chronic conditions. An economic comparison
between two treatments can be performed by determining
the incremental cost-effectiveness ratio (ICER), which is the
cost-to-benefit ratio of two treatments, usuallyQALY. Several
analyses have demonstrated that adjuvant imatinib is more
cost-effective for treating localized primary GISTs than sur-
geryalone,and3yearsofadjuvant imatinib ismorecost-effec-
tive than 1 year of adjuvant therapy [10–13].

Thecost-effectivenessof1yearofadjuvant imatinib treat-
ment versus surgery alone also was demonstrated in the Ca-
nadian and Russian health care systems [10, 12]. The Russian
analysis concluded that 1 year of adjuvant imatinib resulted in
againof1.15QALYsat thecostof€12,246,whereas theCana-

dian analysis concluded that adding imatinib resulted in a gain
of 0.745 QALYs at an expected additional per-patient lifetime
cost of $26,800 for 1 year of treatment. These analyses were
based on the available results from the ACOSOG Z9001 study,
which had a relatively short follow-up time (19.7months) and
didnot showanOSbenefitwithadjuvant imatinib therapy [6].

A cost-effectiveness analysis of adjuvant imatinib therapy
versus surgery alone was carried out by the manufacturer of
imatinib (Novartis Pharmaceuticals Corporation, East Ha-
nover, NJ, http://www.us.novartis.com) [23]. This analysis
compared the cost per QALY gained with 3 years of adjuvant
imatinib versus surgery alone. The 3-year recurrence rates
wereestimatedbasedonextrapolationof the1-yearRFS from
the ACOSOG Z9001 study and compared with the cost of 3
years of treatment. For patientswith GISTswith intermediate
to high risk of recurrence, as defined by theMiettinen and La-
sota/NCCN–Armed Forces Institute of Pathology (AFIP) crite-
ria, the study showed that the ICER for 3 years of adjuvant
imatinib treatment versus surgery alone was £23,601
(�$37,000 or �€30,000 based on current rates) per QALY
gained [23]. The widely used cost-effectiveness threshold is
$100,000/QALYgained,belowwhich there is considered tobe
valueassociatedwith the intervention [24].TheNational Insti-
tute for Clinical Excellence (NICE), to which this analysis was
submitted for reimbursement of coverage of adjuvant ima-
tinib in the United Kingdom, found it subject to a number of
limitations: the“significant-risk”patientgroupwasonlyasub-
set of the total population from theACOSOGZ9001 study and
was retrospectively categorized, the 3-year recurrence rates
were extrapolated from the 1-year RFS rates of the ACOSOG
Z9001 study, and there was no OS benefit. Because of these
limitations, the guidance issued by NICE in June 2010 did not
recommend imatinib as adjuvant treatment after resectionof
GISTs [23].

Recently, thecost-effectivenessof treatingpatientswith3
years versus 1 year of adjuvant imatinibwas evaluated froma
payer’s perspective in theUnited States. The study addressed
a number of the limitations from the previously mentioned
analysis [13]. The SSGXVIII/AIO trial had a median follow-up
time of 54months and demonstrated a significant OS benefit
with 3 years versus 1 year of adjuvant imatinib in a prospec-
tively defined high-risk patient population [7]. First recur-
rence and mortality rates for 1- and 3-year imatinib therapy
were obtained from the trial, and cost and utilities were de-
rived from the literature. The lifetime Markov model, which
was developed to reflect the natural course of the disease in
surgically resected patients with high-risk GISTs, predicted
RFS and OS rates comparable to those reported in the SSGX-
VIII/AIO trial. The model predicted the total lifetime cost per
patient with GIST was $302,100 with 3 years of adjuvant ima-
tinib therapy versus $217,800 with 1 year of therapy [13]. In
addition, patients on 3 years of adjuvant imatinib had higher
QALYs versus those on 1 year of therapy (8.53 vs. 7.18 per pa-
tient, respectively). As a result, the incremental cost-effec-
tiveness ratioof 3 years versus1yearof adjuvant imatinibwas
$62,600 per QALY gained. At a $100,000/QALY threshold, 3
yearsofadjuvant imatinibwas100%cost-effectivewhencom-
paredwith 1 year of adjuvant imatinib [13].

Although many patients experienced adverse events in
the SSGXVIII/AIO trial, imatinib was generally well-tolerated
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Table 2. Associatedmonthly costs for gastrointestinal stromal tumors and recurrence

Parameter Value Source/comment

Resource costs

Gastroenterologist visit $99 CPT codes 99213, 99215

Computed tomography scan $331 CPT codes 74150, 74160, 74170

General practitioner visit $39 CPT code 99212

Monthly pharmacy costs

Imatinib 400mg $4,340 Based on 30-day supply of imatinib 400mg/day

Imatinib 800mg $8,681 Assumes that imatinib 800mg/day is twice the price
of 400mg/day

Sunitinib $6,177 Assumes 4weeks on treatmentwith sunitinib 50mg
per day and 2weeks off treatment, averaged over a
1-year period and divided by 12

Monthlymonitoring andmedical
costs by health state

Recurrence-free GIST

No treatment $120 Because high-risk (defined as tumors large in size,
with highmitotic count, and c-KITexon11mutation)
and low-riskpatientswill havedifferent resourceuse,
weestimated resourceuseandcosts forhigh- and low-
riskpatients separately andcalculatedaweighted
averagecost forhigh- and low-riskpatientsusing the
proportion ineach stratum in theZ9001 study [6] and
EuropeanSociety forMedicalOncology [1] treatment
guidelines todetermine serviceuse. Low-risk: oneGE
visit per6months, oneCTper6months, twoGPvisits
per year.High-risk: oneGEvisit per3months, oneCT
per3months, twoGPvisits per year.a

Imatinib

First 3months $522 Frequency of visits/tests based on trial protocol
from the Z9001 study. In the first 3months, five GE
visits, three CTs, twoGP visits per year.

4months to 2 years $150 Frequency of visits/tests based on trial protocol
from the Z9001 study: OneGE visit every 3months,
one CT every 3months, twoGP visits per year. Costs
were applied to all patients in the adjuvant imatinib
armwho have not experienced a recurrence.

Year 3 $78 Frequency of visits/tests based on trial protocol
from the Z9001 study: OneGE visit every 6months,
one CT every 6months, twoGP visits per year. Costs
were applied to all patients in the adjuvant imatinib
armwho have not experienced a recurrence.

Adverse events (cost per event) $311 Based on frequency of top 15 adverse events from
the Z9001 clinical study report and unit costs from
theMedicare Physician’s Fee and Coding guide
(http://www.cms.gov/Medicare/Medicare.html).

Recurrent GIST $133 Based on oneGE visit every 3months, one CT every 3
months, and twoGP visits per year (National
Comprehensive Cancer Network).

Best supportive care $4,099 Estimates for the cost of BSCwere derived from
reported costs permonth in the last year of life
($7,030) and the cost of a continuing phase of cancer
($2,062) with no active treatment. Based on the
proportion of individuals in themodel in the last year
of life (41%) and those in a continuing phase of
cancer (59%) in the first year, we calculated a
weighted average cost for BSC.b

One-time cost of recurrence $13,214 Assumed that first recurrence is associatedwith a
one-time cost that includes oneGP visit, one
specialist visit, one CT, and surgical resection; the
surgical resection cost was estimated as $12,753.

From [22] with permission from the AmericanMedical Association.
aCalculated as (0.59 � �4 � $99� 4 � $331� 2 � $39� � 0.41 � �2 � $99� 2 � 331� 2 � $39�)/12.
bCalculated as (0.41 � $7,030)� (0.59 � $2,062).
Abbreviations: BSC, best supportive care; CPT, current procedural terminology; CT, computed tomography scan; GE, gastroenterologist; GIST,
gastrointestinal stromal tumor; GP, general practitioner.
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andmost of the eventsweremild in severity. Despite a higher
incidence of grade 3 or 4 adverse eventswith the longer dura-
tion of treatment, there were no unexpected adverse events
seen in the 3-year adjuvant treatment group [7]. This result is
not surprising, and the increased medical care cost for moni-
toring and treating grade 3 or 4 adverse events is likely to be
offset by the reduced cost for treating recurrence.

PATIENT SELECTION FORADJUVANT IMATINIB FORGISTS
In clinical practice, a number of factors need to be considered
whenmakinga recommendation to startpatientsonadjuvant
imatinib treatment. Currently, imatinib is given to most pa-
tientswithadvancedormetastaticGISTs, aswell as thosewith
completesurgical resectionwhoareatsignificant riskof recur-
rence. To ensure rational use of adjuvant imatinib and to
forego both reasonably avoidable costs and adverse events
(AEs), careful patient selection is important.

As noted previously, recurrent disease develops in many
patientsevenafter complete resection [3,4].Accuratepredic-
tion of a patient’s risk of recurrence may help identify those
patients for adjuvant imatinib therapy. A number of risk strat-
ification schemes have been developed: the U.S. NIH consen-
sus criteria, Miettinen and Lasota/NCCN-AFIP criteria, and
modified NIH consensus criteria (Joensuu criteria). These
schemes assign risk to patients with GISTs based on a number
ofestablished independent risk factors, includingmitotic rate,
tumor size, tumor location, and tumor rupture [25–28]. Al-
though themodified NIH classification appears to be the best

criteria for identifying a single high-risk group for consider-
ation of adjuvant therapy [29], models that address the con-
tinuousandnon-linearnatureof tumorsizeandmitotic count,
suchas thenomogramsdevelopedbyGoldetal. [30]andRossi
et al. [31] and the prognostic contour maps from nonlinear
modeling [29],mayprovidemoreaccurateestimations for the
risk of recurrence and are appropriate for individualizing risk
stratification for GISTs.

Currently available data support 3 years of adjuvant treat-
ment for patients at a high risk of recurrence [7]. Results from
several phase II studies [32–38] support the idea thatat least2
years of adjuvant imatinib for intermediate-riskGISTs is bene-
ficial and may be considered. However, patients with a very
low risk or low risk tumors are likely to be cured by surgery
alone and should not receive adjuvant imatinib [17].

Although imatinib benefits most patients with advanced
GISTs, some patients show resistance to the drug. Activating

MostGISTsexpressoncoproteins thatare intrinsically
sensitive to imatinib therapy (e.g., KIT exon 11muta-
tions) resulting in an excellent overall clinical re-
sponse that supports the use of adjuvant imatinib in
these patients. However, a small number of GISTs ex-
press oncoproteins that are either intrinsically resis-
tant to imatinib or are associated with poor clinical
response.

Table 3. Economic impact in the first 3 years of imatinib as adjuvant therapy for localized resected gastrointestinal stromal
tumors

Current scenario Future scenario Difference �PMPM�

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 Year 1 Year 2 Year 3

Number of patients with GISTs

Incident cases treatedwith
surgical resection plus
adjuvant imatinib

0 0 0 10.8 16.2 21.6

Incident cases treatedwith
surgical resection only

36 36 36 25.2 19.8 14.4

Prevalent cases and deaths 0 36 72 0 36 72

Total patients being followed
inmodela

36 72 108 36 72 108

Total number of recurrences 7 9 10 5 7 7 	2 	2 	3

Costs

Nonrecurrent GISTs

Adjuvant imatinib $0 $0 $0 $505,144 $757,717 $1,010,289 $505,144 $757,717 $1,010,289

Medical care/monitoring
costs

$46,824 $86,966 $124,330 $68,388 $125,111 $180,935 $21,564 $38,145 $56,605

Total $46,824 $86,966 $124,330 $573,533 $882,827 $1,191,224 $526,709 $795,861 $1,066,893

Recurrent GISTs

Pharmacy $168,830 $494,002 $772,556 $130,149 $382,845 $606,311 	$38,681 	$111,157 	$166,245

Medical care costs $83,937 $134,435 $148,345 $62,153 $99,951 $112,308 	$21,784 	$34,484 	$36,037

Best supportive care $4,367 $42,847 $122,594 $3,249 $31,785 $91,027 	$1,118 	$11,062 	$31,567

Total $257,134 $671,284 $1,043,495 $195,551 $514,582 $809,646 	$61,583 	$156,702 	$233,849

Total costs $303,958 $758,251 $1,167,825 $769,084 $1,397,410 $2,000,869 $465,126 (�$0.01) $639,159 ($0.01) $833,044 ($0.01)

From [22] with permission from the AmericanMedical Association. Difference in total costs between the future and current scenarios is equal to
the budgetary impact. Budgetary impact results represent only those related to imatinib as adjuvant therapy for localized resected gastrointestinal
stromal tumors.
aTotal patients followed in themodel each year include incident cases (treatedwith either surgical resection only or surgical resection plus adjuvant
imatinib), prevalent case (i.e., still living and incident in a previous year), and patients who have died.
Abbreviations: GIST, gastrointestinal stromal tumor; PMPM, permember permonth.
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mutations of KIT or PDGFRA are found in the vast majority of
GISTs, and the mutational status of these oncoproteins has
been shown to be predictive of clinical response to imatinib
[39]. Most GISTs express oncoproteins that are intrinsically
sensitive to imatinib therapy (e.g., KIT exon 11 mutations)
[39], resulting in an excellent overall clinical response that
supports the use of adjuvant imatinib in these patients. How-
ever, a small number of GISTs express oncoproteins that are
either intrinsically resistant to imatinib or are associatedwith
poor clinical response. For patientswith imatinib-resistant tu-
mor genotypes (e.g., PDGFRA D842V mutation found mainly
in gastric GISTs) [39], adjuvant imatinib should not be used,
even for patients with high-risk GISTs. Taken together, these
findings suggest that GIST mutation status can predict re-
sponse to adjuvant imatinib and that genotyping can help
determine the likelihood that a patient will respond to treat-
ment.

Tumorresponseto imatinibtherapybasedontumorgeno-
type is also dependent on initial treatment dose (400 mg vs.
800mgdaily) [40]. Patientswith tumors expressingKITexon9
mutations had a significantly superior response to the higher
dose of imatinib in studies in the metastatic setting, suggest-
ing that these patients should be treated with a higher dose
upfront [40]. The optimal dosage for adjuvant therapy in pa-
tients with KIT exon 9-mutant GIST, however, remains un-
clear.

CONCLUSIONS
Many patients with resected primary GISTs experience dis-
ease recurrence within 5 years. The emergence of imatinib
therapy for the treatment of advanced GISTs has provided a
basis for the development of imatinib as adjuvant treatment
forGISTs. Clinical trials have supported the efficacy and safety

of imatinib following surgical resection. The ACOSOG Z9001
pivotal trial established the RFS benefit of adjuvant imatinib
for 1 year in patientswith resectedGISTs, and results fromthe
phase III SSGXVIII/AIO trial demonstrated a long-term RFS
benefit of 3-year versus 1-year adjuvant imatinib therapy. In
addition, for the first time, anOS benefit with 3-year adjuvant
imatinib therapywas established. The clinical effectiveness of
adjuvant imatinib also is confirmedby the lowNNTassociated
with 1-year adjuvant imatinib to prevent one recurrence or
death.

Although introducing adjuvant imatinib has an economic
impact on health plans, the effect appears to be limited. Sev-
eral analyses have demonstrated that adjuvant imatinib is
more cost-effective for treating localized primary GISTs than
surgery alone, and 3 years of adjuvant imatinib is more cost-
effective than 1 year of therapy. The appropriate selection of
patients with relatively high risk of recurrence andmore sen-
sitivemutations for adjuvant imatinib treatment is a cost-sav-
ing approach.
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