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Abstract
The increasing use of patient-administered oral anticancer drugs is 
paralleled by new challenges in maintaining treatment adherence. 
These challenges are particularly significant with adjuvant therapies 
for prevention of disease recurrence, where the benefits of ongoing 
treatment are not readily apparent to patients. Nurse practitioners and 
physician assistants (collectively referred to as advanced practitio-
ners) play integral roles in providing education on disease and treat-
ment to patients that can increase adherence to oral therapies and 
ideally improve outcomes. For patients with gastrointestinal stromal 
tumor (GIST), the oral targeted therapy imatinib has become the main-
stay of treatment for advanced and recurrent disease and as adjuvant 
therapy following surgical resection. Recent data indicate significantly 
improved overall survival with 3 years vs. 1 year of adjuvant imatinib 
therapy. Continuous dosing with imatinib is needed for optimal effi-
cacy and to limit additional health-care costs associated with man-
agement of disease progression in GIST. However, longer duration of 
therapy increases the risk of nonadherence. Imatinib adherence rates, 
as well as factors contributing to nonadherence to adjuvant therapy 
in routine clinical practice, are discussed in this review. Also explored 
are practical approaches for improving adherence to adjuvant imatinib 
therapy through greater patient education, in light of the increased 
duration of therapy in select patients.
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G  astrointestinal stro-
mal tumor (GIST) is 
the most common non-
epithelial tumor of the 

digestive tract, with an estimated 
incidence of 3,000 to 4,000 new 
cases per year in the United States 
(Corless & Heinrich, 2008; Nilsson 
et al., 2005). Gastrointestinal stro-

mal tumors arise predominantly 
in the stomach (60%) and small 
intestine (25%); however, tumors 
can be found throughout the gas-
trointestinal tract, including the 
rectum, esophagus, omentum, 
and mesentery (Corless, Fletch-
er, & Heinrich, 2004; Miettinen 
& Lasota, 2006a). The abdomi-
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nal cavity and the liver are the most common 
sites of distant metastasis (Miettinen & Lasota, 
2006b). New diagnoses of GIST typically occur 
in older adults, with a median age of onset of 
approximately 60 years.

Surgical resection remains the standard of 
care for localized or potentially resectable, non-
metastatic GIST. Recurrences following surgery 
are common, however, occurring in > 50% of 
patients within 5 years. Gastrointestinal stro-
mal tumors are refractory to conventional che-
motherapy, with response rates of < 5% and a 
median survival < 2 years (Demetri et al., 2010). 
An improved understanding of the molecular 
underpinnings of the disease has dramatically 
enhanced both diagnosis and treatment. Ap-
proximately 95% of GISTs express KIT (CD117), 
a tyrosine kinase receptor for stem cell factor, 
which has become a hallmark molecular mark-
er of this disease (Rubin et al., 2001). Gain-of-
function mutations in either the KIT or platelet-
derived growth factor receptor alpha (PDGFRA) 
gene are present in the majority of GISTs and in 
most cases are central to its pathogenesis (Hirota 
et al., 1998; 2003). These mutations have been 
well characterized, with most occurring in KIT 
exon 11 (70% of cases) or KIT exon 9 (10%–15%). 
Mutations in KIT and PDGFRA result in uncon-
trolled kinase activation that leads to increased 
cell proliferation and a reduction in apoptosis, 
contributing to oncogenic transformation. 

Elucidation of the role of KIT and PDGFRA 
in the pathogenesis of GIST led to the use of the 
tyrosine kinase inhibitor imatinib (Gleevec), 
which is specific for these kinases, in this disease 
state. Treatment with imatinib has improved 
progression-free survival (PFS) in patients with 
advanced GIST, leading to its approval by the 
US Food and Drug Administration (FDA) for 
the treatment of unresectable or metastatic dis-
ease (Demetri et al., 2002; Verweij et al., 2004). 
Subsequently, the indication was extended to in-
clude its use as adjuvant therapy for 3 years fol-
lowing surgical resection of KIT-positive GIST, 
at a starting dose of 400 mg/day (DeMatteo et 
al., 2009; Novartis Pharmaceuticals, 2012). Ima-
tinib is now recommended by the National Com-
prehensive Cancer Network (NCCN) treatment 
guidelines as first-line therapy for patients with 
advanced GIST and as adjuvant therapy follow-
ing resection of localized tumors (NCCN, 2012a). 

Neoadjuvant imatinib may be an option to down-
stage large tumors and/or facilitate resection in 
some patients; this should be assessed in future 
clinical trials.

The optimal duration of adjuvant imatinib 
therapy has been the subject of debate. Data from 
a recently completed phase III trial demonstrated 
a superior survival benefit with 3 years vs. 1 year 
of adjuvant imatinib in patients at high risk of re-
currence following surgical resection (Joensuu 
et al., 2012). As a direct result of this study, the 
FDA recently updated the product labeling to in-
clude 3 years of adjuvant therapy. Subsequently, 
the NCCN guidelines now recommend at least 36 
months of adjuvant imatinib for patients after sur-
gical resection of high-risk GIST, defined as tumor 
size > 5 cm with a mitotic rate > 5 mitoses/50 high-
powered fields, or a risk of recurrence of > 50% af-
ter surgery (NCCN, 2012a; Novartis Pharmaceuti-
cals, 2012). Although these results demonstrated 
an efficacy of prolonged use as adjuvant therapy 
of at least 3 years, the optimal duration of imatinib 
therapy still remains to be determined and is the 
subject of ongoing investigation.

It is vital for patients to adhere to the pre-
scribed daily dosing regimen of imatinib to lim-
it the risk of disease recurrence after primary 
GIST, particularly over the longer duration of 
therapy now recommended. Physician assistants 
and nurse practitioners (collectively referred to 
as advanced practitioners [APs]), due to their in-
volvement in ongoing patient care, play a pivotal 
role in the multidisciplinary management of pa-
tients as it relates to promoting treatment adher-
ence and persistence. This article discusses the 
implications and potential challenges of longer 
prolonged daily use of imatinib in the adjuvant 
setting for GIST. Specifically addressed is the 
need to maintain long-term patient adherence, as 
well as strategies the AP can use to promote ad-
herence through adverse event management and 
patient education.

Use your smartphone to access the 
full text of the 2012 JAMA article on 
the phase III trial of 1 vs. 3 years of 
adjuvant imatinib in GIST by Joensuu 
and colleagues.

SEE PAGE 215
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Surgery remains the only potentially curative 

therapy and the mainstay of treatment for primary 
GIST. The NCCN guidelines recommend surgi-
cal resection of all GISTs > 2 cm (NCCN, 2012a). 
Long-term outcomes from surgery, however, are 
still poor due to the risk of recurrence. The overall 
5-year disease-specific survival rate is 54%, with 
a disease-specific median survival of 66 months 
following resection (Demetri et al., 2010). Fac-
tors prognostic for an increased risk of recurrence 
include large tumor size, high mitotic index, and 
primary tumor located in the small bowel as well 
as tumor rupture (Miettinen & Lasota, 2006a). 

While conventional chemotherapy and ra-
diotherapy offer limited postsurgical benefits to 
patients with GIST, several studies have shown 
that adjuvant imatinib therapy can reduce dis-
ease recurrence. Use of adjuvant imatinib is sup-
ported by two studies conducted by the American 
College of Surgeons Oncology Group (ACOSOG). 
The first study, ACOSOG Z9000, was a single-
arm, multicenter trial in which 400 mg/day ima-
tinib was administered for 1 year to 107 patients 
with resected KIT+ GIST who had a high risk 
of recurrence (DeMatteo et al., 2009). Imatinib 
treatment resulted in a significantly prolonged 
recurrence-free survival (RFS) and a numerically 
improved overall survival (OS) compared with 
historical controls, with a median follow-up of 4 
years. At 1, 2, and 3 years, RFS rates were 94%, 
73%, and 61%, respectively, and OS rates were 
99%, 97%, and 97%, respectively.

ACOSOG Z9001 was a pivotal phase III, double-
blind, randomized trial that enrolled 713 patients 
who underwent resection of primary KIT+ GIST  
(≥ 3 cm); patients were then randomized to treat-
ment with imatinib 400 mg daily or placebo for 
1 year (DeMatteo et al., 2009). Imatinib signifi-
cantly improved RFS (the primary endpoint) 
compared with placebo (98% vs. 83%; hazard 
ratio [HR], 0.35; 95% confidence interval [CI] 
= 0.22–0.53; p < .0001) at 1 year. There was not 
a statistically significant improvement in OS 
with imatinib (HR, 0.66; 95% CI = 0.22–2.03; 
p = .47); however, the trial was stopped early fol-
lowing interim efficacy analysis, and all patients 
who had received placebo were crossed over to 1 
year of imatinib. This early crossover most likely 
confounded the long-term survival analysis of 
the study. An important observation from this tri-

al was that recurrence rates increased sharply in 
the treatment arm after approximately 6 months 
of stopping imatinib. This raised the question of 
whether adjuvant imatinib therapy for > 1 year 
of duration might further reduce disease recur-
rence in GIST. Results of ACOSOG Z9001 led to 
the approval of adjuvant imatinib therapy in pa-
tients with resected KIT+ GIST.

More recently, results of the phase III Scan-
dinavian Sarcoma Group (SSG XVIII/AIO) trial, 
which directly compared 1 year vs. 3 years of ad-
juvant therapy in patients with high-risk GIST, 
supported a significant benefit of prolonged 
imatinib therapy (Joensuu et al., 2012). In this 
open-label, multicenter, randomized study in-
volving 400 patients, at a median follow-up of 54 
months, the 5-year RFS was significantly longer 
in the 3-year arm than in the 1-year arm (65.6% vs. 
47.9%; HR, 0.46 [95% CI = 0.32–0.65]; p < .0001). 
It is important to note that this trial also demon-
strated significant improvement in OS with the 
longer duration of adjuvant imatinib (5-year OS 
92.0% vs. 81.7%; HR, 0.45 [95% CI = 0.22–0.89]; 
p = .019), representing the first time a clinical tri-
al has shown an OS benefit with adjuvant therapy 
in GIST.

Adjuvant therapy with imatinib is rapidly be-
ing incorporated into the management of GIST 
in clinical practice (Bilimoria et al., 2012), and 
data from the SSG XVIII/AIO trial highlight the 
importance of maintaining adjuvant imatinib 
therapy for 3 years to delay disease recurrence. 
However, this trial has still not answered the 
question of the optimal duration of adjuvant ima-
tinib therapy. The latest iteration of the NCCN 
guidelines recommend that “postoperative ima-
tinib for at least 36 months should be considered 
for patients with high-risk GIST,” based on find-
ings of the SSG XVIII/AIO trial (Joensuu et al., 
2012; NCCN, 2012a). The incidence of disease 
recurrence approximately 1 year after cessation 
of therapy in the SSG XVIII/AIO study has led 
investigators to question whether even longer 
durations may further improve outcomes. Cur-
rently, there is a clinical trial examining 5 years 
of adjuvant imatinib in high-risk patients (the 
PERSIST-5 trial, NCT00867113; ClinicalTrials.
gov, 2009). With the longer-term use of ima-
tinib therapy, sustaining patients’ adherence to 
therapy will become an increasing challenge for 
health-care providers. 
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ADHERENCE TO ADJUVANT THERAPY: 
GENERAL CONSIDERATIONS

The term “adherence” is often considered syn-
onymous with “persistence,” but there are several 
key distinctions between the two that merit dis-
cussion. As defined by the International Society 
for Pharmacoeconomics and Outcomes Research, 
adherence is the extent to which patients take 
their medications as prescribed by their health-
care provider, with respect to timing, dosage, and 
frequency. Persistence, on the other hand, refers 
to the duration between initiation and discon-
tinuation of therapy (Cramer et al., 2008). It is 
vital that the AP understand that the term adher-
ence itself carries its own implied connotations 
that may influence communication with patients. 
Adherence can suggest a more active role for the 
patient; there may be a perception of the patient 
working in concert with the health-care provider 
to maintain therapy, rather than the perception of 
“following orders” implied by the term compli-
ance. Rates of medication adherence average 50% 
and can range from 0% to more than 100%, be-
cause patients may take more than the prescribed 
dose (Haynes, McDonald, & Garg, 2002; Oster-
berg & Blaschke, 2005). There is a lack of consen-
sus as to what constitutes an adequate adherence 
level, with target adherence rates ranging from 
80% to as high as 95% for the treatment of other 
serious conditions such as HIV infection (Oster-
berg & Blaschke, 2005).

Concerns about adherence are a relatively 
recent phenomenon in the oncology setting, co-
inciding with the introduction of oral anticancer 
medications. Previously, little attention was given 
to adherence because of the widespread use of IV 
chemotherapy and radiotherapy, which are typi-
cally administered in a health-care setting. How-
ever, the increased availability and use of oral an-
ticancer agents are shifting the responsibility of 
administration onto the patient. As a result, oncol-
ogy teams increasingly have to monitor adherence 
and address potential obstacles that may impact 
the effectiveness of treatment.

Although several methods exist for monitor-
ing adherence (Table 1), each has its own limita-
tions, making monitoring a difficult challenge 
(Osterberg & Blaschke, 2005; Ruddy, Mayer, & 
Partridge, 2009). Direct monitoring methods in-
clude measuring drug levels in patient serum or 
urine samples. Such methods may also involve 

the measurement of drug metabolites or biologic 
markers added to formulations as surrogates for 
ingested medicine. These approaches tend to 
be expensive and burdensome for both health-
care providers and patients. Indirect monitoring 
methods can include self-reported adherence by 
patients or patient-completed medication diaries, 
pill counts, analysis of prescription refills, and use 
of microelectronic monitoring systems (MEMS). 
Maintaining accuracy with these methods is often 
a challenge because errors can be introduced by 
recall bias or entry of inaccurate information by 

Table 1. Methods of Measuring Adherence

Direct methods

Directly observed therapy
•	 Accurate
•	 Patients may hide pills in mouth and discard later

Drug or metabolite levels in blood
•	 Objective
•	 Interpatient variability in metabolism
•	 Expensive

Biologic marker levels in blood
•	 Objective
•	 Requires expensive quantitative assays and 

collection of bodily fluids

Indirect methods

Patient questionnaires/self-reports/diaries
•	 Simple, inexpensive
•	 Results can be distorted
•	 Frequent errors with longer durations between 

visits

Pill counts
•	 Objective, quantifiable
•	 Easy to perform
•	 No guarantee of ingestion of medicine (eg, pill 

dumping)

Prescripton refills
•	 Objective
•	 Easy to obtain data
•	 No guarantee of ingestion of medicine
•	 Requires a closed pharmacy system

Electronic medication monitors
•	 Precise, quantifiable
•	 Tracks patterns of taking medication
•	 Expensive
•	 Requires return visits and downloading data from 

medication vials
•	 No guarantee of ingestion of medicine

Patient’s clinical response
•	 Simple 
•	 Generally easy to perform
•	 Other factors can affect clinical response

Adapted from Osterberg and Blaschke (2005).
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patients. The MEMS technology may overcome 
some of these errors in accuracy, but it is associ-
ated with added expense. 

In general, adherence to medication is higher 
among patients with acute rather than chronic 
conditions (Osterberg & Blaschke, 2005). In both 
scenarios, patients experience the negative side 
effects of treatment, but only in the management 
of active disease will this be balanced with tangi-
ble treatment benefits, such as tumor shrinkage or 
symptom management. Maintaining patients in-
definitely on preventive therapy, such as adjuvant 
therapy in oncology, is particularly challenging in 
the absence of such tangible benefits. 

Patients with cancer may be presumed to be 
motivated to adhere to their treatment regimen 
due to the seriousness of their disease, yet stud-
ies of adjuvant hormonal therapy in patients with 
breast cancer illustrate the difficulties posed by 
prolonged treatment of an asymptomatic condi-
tion in which beneficial effects are only realized 
after a long interval. In hormone-sensitive breast 
cancer, adjuvant hormonal therapy with oral 
agents (such as tamoxifen and aromatase inhibi-
tors) reduces disease recurrence and mortality. 
These agents are typically prescribed for 5 years or 
longer (NCCN, 2012b). Despite the known efficacy 
of these compounds, the rate of discontinuation 
with these agents is 7% to 10% per year and can be 

as high as 40% to 50% by 4 or 5 years (Hershman 
et al., 2010; Partridge et al., 2010; Partridge, Wang, 
Winer, & Avorn, 2003; Ruddy, Mayer, & Partridge, 
2009). As a result, poor adherence to tamoxifen 
has been associated with shorter survival in pa-
tients with breast cancer (McCowan et al., 2008).

In addition to cancer, other examples of com-
mon, asymptomatic chronic conditions associ-
ated with suboptimal medication adherence in-
clude hypercholesterolemia and hypertension. 
Despite the availability of effective medications 
that can treat these conditions and reduce mor-
bidity and mortality associated with cardiovas-
cular disease, these conditions remain subopti-
mally managed at the population level. More than 
one-third of patients in the United States who 
are managed for hypertension have uncontrolled 
blood pressure (Ong, Cheung, Man, Lau, & Lam, 
2007). The lack of adherence to therapy is likely 
a contributing factor, as studies have shown that 
adherence rates are similarly low (60%–75%) in 
patients receiving statin therapy (Jackevicius, 
Mamdani, & Tu, 2002). 

Factors affecting adherence to adjuvant ther-
apy can be complex, and insights may be gained 
from examination of lessons learned in other dis-
eases. Several potential factors influencing adher-
ence in the management of chronic diseases have 
been described (Table 2). These include patient 

characteristics, features associated 
with the treatment itself (e.g., ad-
verse effects and increased cost), 
and factors related to the health-
care system (Hadji, 2011; Miaskows-
ki, Shockney, & Chlebowski, 2008; 
Ruddy et al., 2009). For example, 
in patients receiving adjuvant hor-
monal therapy for breast cancer, 
factors shown to be associated with 
discontinuation of therapy include 
treatment-related side effects, ad-
vanced age, lack of belief in the ne-
cessity and value of the medication, 
poor understanding of the disease 
itself, lack of involvement in de-
cision-making, and poor provider 
support (Grunfeld, Hunter, Sikka, & 
Mittal, 2005; Kahn, Schneider, Ma-
lin, Adams, & Epstein, 2007; Lash, 
Fox, Westrup, Fink, & Silliman, 
2006; Pellegrini et al., 2010). 

Table 2. Factors Associated With Poor Adherence 

Patient 
•	 Treatment of asymptomatic disease
•	 Psychological problems, particularly depression
•	 Cognitive impairment
•	 Lack of belief in benefits of treatment
•	 Poor understanding of disease
•	 Poor understanding of benefits and risks of treatment 
•	 Missed appointments/unfilled prescriptions
•	 Lack of support from family
•	 Socioeconomic status

Treatment 
•	 Side effects
•	 Complexity of regimen
•	 High cost

Interaction with health-care system
•	 Poor provider-patient relationship
•	 Inadequate follow-up
•	 Barriers to care or medication (e.g., access to clinics or pharmacies, 

inconvenient hours)
•	 Poor treatment by clinic staff

Adapted from Osterberg and Blaschke (2005).
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ADHERENCE TO IMATINIB THERAPY 
Clinical trials have established the need for 

continuous imatinib dosing in the management of 
advanced GIST (Blay et al., 2007; Le Cesne et al., 
2010) and as adjuvant therapy following primary 
resection (Joensuu et al., 2012). Because imatinib 
is dosed daily, maintaining adherence is crucial in 
patients with GIST. However, there remains scant 
information on adherence to and persistence with 
imatinib in GIST, especially in the adjuvant set-
ting. Recent studies have documented high rates 
of nonadherence to imatinib in patients with ad-
vanced GIST or chronic myelogenous leukemia 
(CML), as will be discussed. As noted previously, 
rates and factors influencing imatinib adherence 
may differ for advanced disease compared with 
the adjuvant setting. 

Analysis of pharmacy claims data provides pre-
liminary insights into the rates of adherence to ima-
tinib therapy in routine clinical practice. In a study 
that tracked patient prescription data for a 24-month 
period in 4,043 patients with CML or GIST, com-
pliance was 73% in patients with GIST and 78% in 
CML; rates of adherence declined over time in this 
study (Tsang, Rudychev, & Pescatore, 2006). 

Another analysis of pharmacy data over a 
12-month period in 320 patients with CML or 
GIST found that adherence assessed by a mean 
medication possession ratio (defined as the total 
day supply in the first year divided by 365) was 
76% among all patients, and that > 25% of patients 
had interrupted imatinib therapy for at least 30 
consecutive days (Feng et al., 2006). Factors iden-
tified in multivariate analyses to be associated 
with nonadherence to imatinib were increasing 
age in patients older than 51 years, female gender, 
increasing number of concomitant medications, 
and complications of disease or therapy.

Lack of adherence to imatinib therapy is a sig-
nificant problem that can impact effectiveness of 
treatment and patient outcomes. For chronic phase 
CML, several recent studies in patients receiving 
daily imatinib assessed the impact of lack of adher-
ence on the response to therapy. In one study, poor 
adherence was found to be a principal factor con-
tributing to cytogenetic relapse and failure of ther-
apy in patients with chronic CML who received 
long-term imatinib therapy (Ibrahim et al., 2011). 
Another study demonstrated a strong correlation 
between imatinib adherence and 6-year probabil-
ity of a major or complete molecular response in 

patients with chronic-phase CML, at a median of 5 
years of therapy (Marin et al., 2010).

Lastly, in the prospective Adherence As-
sessment with Glivec: Indicators and Outcomes 
(ADAGIO) study, patients with a suboptimal re-
sponse had a significantly higher mean percent-
age of imatinib not taken (23.2%) than did those 
patients with an optimal response (7.3%; Noens et 
al., 2009). One-third of all patients in the ADAGIO 
study were considered nonadherent to imatinib 
over a 90-day period. Factors associated with 
lack of adherence included older age, longer time 
since diagnosis, longer duration of treatment, and 
improved health at study entry; patients also re-
ported the “forgetfulness” factor. In patients with 
CML, potential relapse from nonadherence is eas-
ier to monitor via measurement of imatinib levels 
in blood serum; however, for patients with GIST, 
signs of nonadherence may not be evident until a 
new mass is observed via imaging.

In patients with GIST, lack of adherence 
to approved imatinib dosing (either physician-
prescribed or patient-modulated) is fairly com-
mon in clinical practice and could contribute 
to patients receiving suboptimal treatment (Pi-
sters, von Mehren, Stealey, Sirulnik, & Trent, 
2010). Registry data indicate that 30% of pa-
tients with GIST received doses other than the 
standard 400 or 800 mg. The most common 
imatinib dose received was 300 mg daily in the 
adjuvant setting and 200 mg daily for patients 
with metastatic GIST. Nondaily dosing with 
imatinib was also frequently observed. The pri-
mary reasons for using alternative dosing regi-
mens were toxicity and disease progression. 

More information is needed on the frequen-
cy of nonadherence to imatinib, especially in the 
adjuvant setting, and on factors that influence 
adherence in these patients. Improved adher-
ence may lead to significantly fewer hospitaliza-
tions, shorter hospital stays, and lower health-
care costs overall in patients receiving imatinib 
(Darkow et al., 2007; Halpern, Barghoust, Mody- 
Patel, & Williams, 2008). For example, unadjusted 
medical costs were 57% to 62% lower for GIST 
patients with good adherence (defined as those 
with a ≥ 90% medication possession ratio) com-
pared with patients with poor compliance (< 70% 
medication possession ratio; Halpern et al., 2008). 
Taken together, these data underscore the need 
for ensuring that patients on adjuvant treatment 
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maintain a continuous daily administration of 
imatinib at standard dosing whenever possible, to 
provide best outcomes and optimal care. 

MANAGEMENT OF IMATINIB- 
RELATED ADVERSE EVENTS IN GIST 

As previously discussed, the side effects that 
have been associated with imatinib (and other 
adjuvant therapies) are frequent causes of nonad-
herence, alternative dosing regimens, and discon-
tinuation of therapy (Demissie, Silliman, & Lash, 
2001; Feng et al., 2006; Grunfeld et al., 2005; Pi-
sters et al., 2010). Therefore, proper management 
of side effects is crucial to ensure continuation 
of imatinib administration over prolonged peri-
ods to maximize clinical effectiveness. This is the 
area in which the AP can have the greatest impact 
through patient education.

In the Z9001 trial of adjuvant imatinib, adverse 
events (AEs) were the main reason for discontinu-
ing imatinib treatment (17% of patients); these re-
sulted in dose reduction or interruption in an ad-
ditional 15% of patients (DeMatteo et al., 2009). 
The AEs reported in patients treated with imatinib 
400 mg daily were mild to moderate in severity, the 
most frequent being fluid retention, gastrointesti-
nal symptoms, fatigue, rash, and joint and muscle 
pain (Joensuu, Trent, & Reichardt, 2011; Novartis 
Pharmaceuticals, 2012). The most common AEs re-
ported with adjuvant imatinib compared with pla-
cebo in the Z9001 trial, which are similar to those 
reported in trials of imatinib in the advanced GIST 
setting, were diarrhea, fatigue, nausea, edema, low 
hemoglobin, rash, vomiting, and abdominal pain; 
see Table 3 (Novartis Pharmaceuticals, 2012).

Longer administration of adjuvant imatinib 
therapy (i.e., 3 years) resulted in a similar AE pro-
file compared with a shorter duration of treatment, 
although with an increased incidence of grade 3/4 
AEs: 32.8% vs. 20.1%, respectively (Joensuu et al., 
2012). There was a 14% discontinuation rate due 
to AEs with 3 years of imatinib compared to 8% 
with 1 year of adjuvant therapy; most patients 
seemed to experience AEs early in the treatment 
course, which resolved over time (Joensuu et al., 
2012; Novartis Pharmaceuticals, 2012). Greater 
awareness of imatinib-related AEs, coupled with 
awareness and implementation of approaches for 
preventing and managing these effects, may help 
reduce toxicities and maximize adherence to en-
able more patients to maintain the recommended 

scheduled dosing. Table 4 summarizes established 
management strategies for some of the common 
AEs associated with imatinib therapy. 

POTENTIAL DRUG INTERACTIONS 
Polypharmacy is common in older patients, 

especially those receiving cancer therapy. Coad-
ministration of medications can lead to drug-drug 
interactions, increase the risk of adverse reactions, 
and lower adherence. Therefore, all concomitant 
medications, including over-the-counter drugs 
and herbal remedies, should be reviewed with the 
patient on a regular basis to determine any poten-
tial interactions with concurrent imatinib.

Because imatinib is metabolized primarily by 
cytochrome P450 (CYP) 3A4 and CYP3A5 iso-
zymes in the liver (Peng, Lloyd, & Schran, 2005), 
drugs that interact with these enzymes can affect 
imatinib pharmacokinetics (Demetri et al., 2010; 
Haouala et al., 2011; Novartis Pharmaceuticals, 
2012). Compounds that are CYP3A4 inhibitors 
can decrease the metabolism of imatinib and lead 
to an increase in imatinib plasma concentrations. 
Conversely, inducers of CYP3A4 and CYP3A5 may 
increase imatinib metabolism, reducing a patient’s 
exposure to the drug. Imatinib can also influence 
the metabolism of drugs that are substrates of CY-
P3A4, potentially leading to alterations in plasma 
concentrations of these medications. Therefore, 
caution must be exercised when coadminister-
ing imatinib with CYP3A4 substrates, particularly 
with agents that have a narrow therapeutic win-
dow. For a list of drugs that potentially interact 
with imatinib and recommended management 
steps to take during coadministration, see Table 
5. In addition, patients who have undergone large 
gastric resections may have absorption changes 
that can affect drug metabolism as well. 

Protracted administration of adjuvant imatinib 
in patients with GIST must include a plan for regu-
lar patient monitoring. Liver function should be as-
sessed before treatment initiation, monthly for the 
first 3 months, and then periodically thereafter. Reg-
ular checkups should be spaced monthly over the ini-
tial 4 to 6 months of therapy, then extended to every 
3 to 6 months for 5 years, and then annually for the 
remainder of treatment (Griffin, Amand, & Demetri, 
2005); CT scans should be done every 3 to 6 months 
for 5 years and then annually as well. Routine moni-
toring should include bloodwork as well as a physical 
examination. Specifically, complete blood cell count 
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measurements should be performed weekly for the 
first month of treatment, then biweekly for the sec-
ond month, and periodically thereafter (Novartis 
Pharmaceuticals, 2012). During their checkups, pa-
tients should be questioned about any ongoing or 
new concurrent medications. They should also be 
asked about any serious AEs and encouraged to seek 
appropriate medical care should a serious AE arise.

PROMOTING ADHERENCE TO  
ADJUVANT IMATINIB 

An unintended consequence of the increasing 
number of available oral cancer therapies has been 
the ongoing shift in responsibilities of treatment 
away from the health-care provider to the patient 
with cancer. Health-care providers—including 
APs and nurse practitioners—will have to assume 

Table 3. �Adverse Reactions Reported in the Adjuvant GIST Trial (≥ 10% of Imatinib-Treated Patients)a 

Preferred term

All CTC grades CTC grade 3 and above

Imatinib 
(n = 337)

Placebo
(n = 345)

Imatinib 
(n = 337)

Placebo
(n = 345)

Diarrhea 59.3% 29.3% 3.0% 1.4% 

Fatigue 57.0% 40.9% 2.1% 1.2% 

Nausea 53.1%  27.8% 2.4% 1.2% 

Periorbital edema 47.2% 14.5% 1.2% 0% 

Hemoglobin decreased 46.9% 27.0% 0.6% 0% 

Peripheral edema 26.7% 14.8% 0.3% 0% 

Rash (exfoliative) 26.1% 12.8% 2.7% 0% 

Vomiting 25.5% 13.9% 2.4% 0.6% 

Abdominal pain 21.1% 22.3% 3.0% 1.4% 

Headache 19.3% 20.3% 0.6% 0%

Dyspepsia 17.2% 13.0% 0.9% 0% 

Anorexia 16.9% 8.7% 0.3% 0% 

Weight increased 16.9% 11.6% 0.3% 0% 

Liver enzymes (ALT) increased 16.6% 13.0% 2.7% 0% 

Muscle spasms 16.3% 3.3% 0% 0% 

Neutrophil count decreased 16.0% 6.1% 3.3% 0.9% 

Arthralgia 15.1% 14.5% 0% 0.3% 

White blood cell count decreased 14.5% 4.3% 0.6% 0.3%

Constipation 12.8% 17.7% 0% 0.3% 

Dizziness 12.5% 10.7% 0% 0.3% 

Liver enzymes (AST) increased 12.2% 7.5% 2.1% 0%

Myalgia 12.2% 11.6% 0% 0.3%

Blood creatinine increased 11.6% 5.8% 0% 0.3%

Cough 11.0% 11.3% 0% 0% 

Pruritus 11.0% 7.8% 0.9% 0% 

Weight loss 10.1% 5.2% 0% 0% 

Note. GIST = gastrointestinal stromal tumor; CTC = Common Terminology Criteria; ALT = alanine aminotransferase;  
AST = aspartate aminotransferase. Information from Novartis Pharmaceuticals (2012). 
aAll adverse reactions occurring in ≥ 10% of patients are listed regardless of suspected relationship to treatment. 
A patient with multiple occurrences of an adverse reaction is counted only once in the adverse reaction category.
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an increasingly active role in providing education 
to patients about their disease and treatment on a 
variety of fronts to maximize adherence to thera-
py (Barnes & Reinke, 2011; Griffin et al., 2005; Hol-
lywood & Semple, 2001; Winkeljohn, 2007). 

Because imatinib is a self-administered oral 
medication, patients starting imatinib need to 
receive detailed instructions on its correct dose 
and administration schedule. A primary fo-
cus must be to ensure that patients understand 
the disease and goals of prescribed therapy, in-
cluding the benefits of maintaining continuous 
long-term treatment, the need to adhere to the 
daily treatment regimen, and the importance of 
refraining from discontinuing or adjusting the 
dose on their own. Education regarding poten-

tial side effects and their management is impor-
tant to instruct patients on how to respond to 
toxicities and to motivate them to maintain their 
therapy. Patients should be taught to recognize 
any drug-related side effects and instructed to 
report them promptly to their health-care pro-
vider. Ongoing communication with APs should 
be emphasized. Because forgetfulness can also 
be a contributing factor to nonadherence, side-
effect management should be emphasized before 
the initiation of therapy and reminded periodi-
cally. Patients should be given written and ver-
bal instructions on which side effects or prob-
lems should be reported as well as the contact 
information regarding exactly when and whom 
to call (Winkeljohn, 2007). 

Table 4. Management of Commonly Observed Imatinib-Associated Adverse Effects in GIST 

Adverse effect Management

Nausea and vomiting •	 Take imatinib with a meal and a large glass of water
•	 Split the dose over 2 separate meals
•	 If symptoms persist, use antinausea medications such as prochlorperazine or 

ondansetron 

Dyspepsia •	 Use antacids and proton pump inhibitors

Diarrhea •	 No specific therapy required for mild cases
•	 Use antimotility agents such as loperamide hydrochloride or atropine sulfate/

diphenoxylate hydrochloride if diarrhea is severe 

Fluid retention •	 Decrease salt intake if weight gain exceeds 5 lb in 1 wk
•	 Use a diuretic such as furosemide with care to avoid intravascular volume 

depletion
•	 Withhold imatinib if supportive measures do not reduce edema or if fluid 

retention is severe

Skin rash •	 Rash often occurs during initial weeks of treatment and resolves with time
•	 Use antihistamines and topical lotions or glucocorticoid creams (if symptoms do 

not resolve)
•	 Consider imatinib dose reduction or interruption in severe cases

Muscle cramps/myalgia •	 Avoid cold temperatures and exercise and keep extremities warm
•	 Increase daily fluid intake
•	 Take calcium and magnesium supplements, tonic water, or muscle relaxants such 

as carisoprodol or meprobamate

Bone and joint pain •	 Treat with NSAIDs to relieve mild bone pain
•	 In patients with a history of GI bleeding, administer NSAIDs with misoprostol, a 

proton pump inhibitor, or H2 histamine receptor blocker

Fatigue •	 Education and counseling, nutritional counseling, sleep therapy
•	 Test for anemia, hypothyroidism, and cardiac or metabolic causes of fatigue
•	 Consider psychostimulant therapy with methylphenidate  

Anemia •	 Treatment is usually unnecessary for mild anemia
•	 For iron-deficiency anemia, supplement with oral ferrous sulfate; IV iron may be 

used if oral absorption is inadequate or adverse events are intolerable
•	 Evaluate patient for GI bleeding if acute anemia develops
•	 Imatinib dosage adjustment is usually not needed

Note. GIST = gastrointestinal stromal tumor; NSAIDs =  nonsteroidal anti-inflammatory drugs; GI = gastrointestinal. 
Information from Demetri et al. (2010), Joensuu et al. (2011), Novartis Pharmaceuticals (2012).
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Outside of regularly occurring office appoint-
ments, there are other opportunities for improv-
ing education and adherence. A patient diary 
that keeps track of pills, the time taken, and any 
symptoms can be an effective tool to promote ad-
herence and safe administration (Hollywood & 
Semple, 2001). Nurse practitioners or physician 
assistants should spend time reviewing patient 
diaries at each visit. Follow-up calls to monitor 
adherence, evaluate early side effects, and man-
age symptoms provide valuable opportunities 
to reinforce education (Hollywood & Semple, 
2001). Additionally, patients can be referred to 
organizations and websites that can provide in-
formation and a measure of support between vis-
its. Patients and caregivers need to be cautioned 
that these groups provide a wealth of knowledge, 
but they are not meant to replace communication 
with the health-care provider.

An ongoing, supportive relationship between 
a patient and an AP can help to significantly bol-

ster adherence to imatinib therapy and sustain 
its effectiveness through education, monitoring 
adherence, and managing side effects. This may 
be especially helpful for patients lacking family 
or other caregiver support. For all patients, con-
sistent follow-up by email, phone calls, and/or 
contact through a physician assistant or nurse 
practitioner, as well as help from family mem-
bers, is important for maintaining communica-
tion and providing emotional support to ensure 
optimal adherence. 

It is important to keep in mind that patients 
with different economic situations may need 
varying levels of information or support. The fi-
nancial impact of expensive therapies can influ-
ence a patient’s decision about continuing with 
treatment (Kelley & Venook, 2010). Patients tak-
ing oral cancer drugs may be more likely to ra-
tion or discontinue treatment than those receiv-
ing IV therapy. Advanced practitioners can help 
patients who have financial or reimbursement 

Table 5. Potential Drug Interactions With Imatinib in GIST 

Type of interaction Potential effect Agents Management 

CYP3A4 inhibitors Increase imatinib 
concentration

Ketoconazole, 
itraconazole, voriconazole, 
clarithromycin, 
telithromycin, atazanavir, 
indinavir, nefazodone, 
nelfinavir, ritonavir, 
saquinavir, grapefruit juice, 
pomegranate juice 

Screen patients who experience 
severe drug-related toxicity to identify 
concomitantly used CYP3A4 inhibitor

Eliminate or substitute with a drug 
that does not affect CYP3A4

Reduce dose of imatinib if toxicity 
persists

CYP3A4 inducers Decrease imatinib 
concentration

Dexamethasone, rifampin, 
rifabutin, 
carbamazepine, 
oxcarbamazepine, 
phenytoin, phenobarbital, 
primidone, St. John’s wort

Avoid use of strong CYP3A4 inducers 
and consider alternative agents with 
less enzyme induction potential 

If coadministered, increase imatinib 
dosage by at least 50% and monitor 
clinical response

Other drugs 
metabolized by 
CYP3A4

Increases 
concentration of 
other drugs

Simvastatin, 
triazolobenzodiazepines, 
dihydropyridine calcium 
channel blockers, certain 
HMG-CoA reductase 
inhibitors

Administer with caution with 
substrates that have a narrow 
therapeutic window (e.g., alfentanil, 
cyclosporine, diergotamine, 
ergotamine, fentanyl, pimozide, 
quinidine, sirolimus, tacrolimus)

Use low-molecular-weight heparin or 
standard heparin instead of warfarin in 
patients who require anticoagulation  

Acetaminophen Increases 
exposure to 
acetaminophen

Limit daily dose to 1,000 mg 

Monitor liver function during 
prolonged administration

Note. GIST = gastrointestinal stromal tumor; HMG-CoA = 3-hydroxy-3-methylglutaryl-coenzyme A. 
Information from Haouala et al. (2011), Joensuu et al. (2011), Novartis Pharmaceuticals (2012).
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obstacles by referring them to social workers 
and financial counselors and providing informa-
tion about the drug manufacturer’s patient assis-
tance programs.

SUMMARY
The clinical benefit of prolonged adjuvant 

treatment with imatinib after resection of local-
ized tumor is clear from the recent results of the 
SSG XVIII/AIO trial. Based on these data, current 
treatment guidelines recommend adjuvant ima-
tinib for at least 3 years in patients with GIST who 
are at significant risk of recurrence. Despite the 
proven benefits of prolonged adjuvant imatinib, 
long-term therapy can be a challenge for some 
patients, leading to increased concerns related to 
suboptimal adherence. This is especially true for 
adjuvant oral cancer therapies, where long-term 
benefits may not be immediately apparent, but 
drug-related side effects are. 

Reasons for treatment nonadherence vary but 
typically include the occurrence of treatment-related 
side effects and a lack of confidence in the prescribed 
medication. Advanced practitioners are in a prime 
position to improve patient awareness of disease and 
treatment. With adjuvant imatinib, education should 
involve conveying the importance of staying on ther-
apy for a minimum of 3 years and being adherent to a 
continuous treatment regimen to reduce the chance 
of relapse. Steps should also be taken to improve ex-
pectations and management of treatment-related 
side effects. This may include increased patient ed-
ucation on potential side effects, more side-effect 
monitoring, and better, more frequent communica-
tion between patients and advanced practice clini-
cians. Further research on the specific reasons for 
imatinib nonadherence and nonstandard dosing in 
GIST is needed, which will ultimately advance strat-
egies to improve adherence and patient outcomes.
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