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Objective To describe patterns of treatment adherence to early maintenance phase therapy for acute lym-

phoblastic leukemia (ALL) and lymphoblastic lymphoma (LBL). Methods Using an objective observational

method (electronic monitoring), adherence was examined for 139 patients aged 7–19 years diagnosed

with ALL or LBL across 6 centers. Results The mean adherence percentage was 86.2%. Adherence

rates declined over the 1-month of follow-up to 83%. 3 linear trajectories of 6-mercaptopurine

adherence were identified: (1) exemplary adherence (n¼ 99): Averaging nearly 100%; (2) deteriorating

(n¼ 23): Adherence decreased from 100 to 60%; and (3) chronically poor adherence (n¼ 9): Averaging

40%. Conclusions Adherence promotion interventions might be tailored to subgroups of patients who

demonstrated problematic patterns of treatment adherence that could place them at risk for relapse. This

research demonstrates the importance of using objective real-time measures of medication adherence for

measuring and documenting adherence patterns.

Key words adherence; cancer and oncology; research design and methods; statistical applications.

Treatment advances have greatly improved survival rates

for pediatric cancer from 58% in the late 1970s to 89%

in the early 2000s. In fact, 95% of pediatric patients will

reach disease remission and 80% of patients aged 1–18

years are expected to have long-term event-free survival

(National Cancer Institute, 2008). Still, pediatric cancer

remains the leading cause of disease-related death for chil-

dren and adolescents in the United States (National Cancer

Institute, 2008). Similarities in morphology, genetics, and

immunophenotypes between lymphoblastic lymphoma

(LBL) and acute lymphoblastic leukemia (ALL) indicate

that ALL and LBL be considered as part of a spectrum of

malignant lymphoproliferative disorders (Reddy & Perkins,

2004) that require similar treatment protocols (Weiss,

Bindl, Picozzi, Link, & Warnke, 1986).

Maintenance therapy is vital for relapse prevention in

youth with ALL and LBL and has been shown to increase

survival rates (Pritchard, Butow, Stevens, & Duley, 2006).

However, the complex course of maintenance therapy can

be difficult for children, adolescents, and parents to

manage effectively. For example, 6-mercaptopurine (6MP)

is a critical component of maintenance treatment for ALL/
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LBL that is taken daily, on an empty stomach, typically at

bedtime (Bhatia et al., 2012). Despite the importance of

taking medications as prescribed, some studies have shown

that as many as �50% of pediatric cancer patients do not

adhere to their maintenance treatment regimen (Kondryn,

Edmondson, Hill, & Eden, 2010). Nonadherence may con-

tribute to preventable morbidity and mortality in pediatric

patients (Festa, Tamaroff, Chasalow, & Lanzkowsky, 1992;

Lau, Matsui, Greensberg, & Koren, 1998; Tebbi, 2006). In

a recent Children’s Oncology Group (COG) study of 327

patients with ALL, even relatively low nonadherence rates

of <95% for 6MP treatment during maintenance therapy

were associated with an increased risk of relapse (Bhatia

et al., 2012). Such findings heighten the need for objective

and precise measurement of medication adherence during

all phases of maintenance therapy.

More than 20 published studies have reported data on

treatment adherence in ALL and related conditions (Festa

et al., 1992; Kennard et al., 2004; Kondryn et al., 2010;

Lau et al., 1998). However, significant methodological

problems, such as the absence of objective measures of

medication adherence in recent treatment protocols,

small sample sizes, and the exclusive use of self-reported

adherence, limit the scientific and clinical utility of most

available studies. Most studies were published more than a

decade ago and are not applicable to current treatment for

ALL/LBL given the substantial changes in treatment proto-

cols that have been implemented by the COG. With only

four exceptions (Bhatia et al., 2012; Kato et al., 1992;

Lennard, Welch, & Lilleyman, 1995), sample sizes have

been small (<60) and limited to a single institution,

which limits the generalizability of study findings as well

as the ability to identify subgroups of patients based on

patterns of treatment adherence. Finally, most studies of

pediatric patients with ALL/LBL have used physician-,

parent-, and/or patient-reported adherence measures.

However, it is well established that such reports tend to

overestimate adherence levels (Lau et al., 1998; Riekert &

Rand, 2002) and cannot validly identify dosing patterns

that are relevant targets for adherence promotion.

The primary measure of medication adherence in pre-

vious studies of pediatric chronic illness, including pediat-

ric cancer, has been based on a percentage of doses taken

as prescribed. However, this measure does not capture

clinically relevant patterns of adherence including the

timing of medication taking and provides misleading re-

sults when used as the sole measure of adherence. For

example, a patient who demonstrates a significant gap in

adherence (e.g., missing 5 consecutive days of medication)

would have exactly the same adherence percentage as a

patient who missed medication sporadically for 5 days

over a comparable monitored period. Such discrepant pat-

terns of adherence are likely to have a different impact on

health outcomes, including the therapeutic action of a

medication that has a half-life of several days. The timing

of medication doses may be particularly important for che-

motherapy agents given it is recommended that they be

taken around the same time each day to avoid over- or

under-dosing (Pritchard et al., 2006; Relling, 1999;

Ruddy, Mayer, & Partridge, 2009). For this reason, mea-

suring the timing between doses (i.e., interdose intervals:

IDIs) based on objective observational measures (Kenna,

Labbé, Barrett, & Pfister, 2005) is a potentially important

variable that has not been examined in previous research.

Previous studies have also suggested that there is con-

siderable within-sample heterogeneity in patterns of adher-

ence to pediatric cancer treatment (Kennard et al., 2004;

Kondryn et al., 2010; Lau et al., 1998; Ruddy et al., 2009).

Moreover, research in other pediatric chronic conditions

has identified clinically relevant subgroups who demon-

strate different patterns of adherence (Modi, Rausch, &

Glauser, 2011). However, to our knowledge, subgroups

that demonstrate different adherence patterns based on

objective observational measures have not been previously

identified in pediatric ALL and LBL but have important

implications for tailoring and targeting adherence promo-

tion interventions. For example, individuals who demon-

strate either chronic or declining patterns of adherence that

are associated with risk for relapse are prime candidates for

more intensive adherence promotion intervention. Bhatia

et al. (2012) identified a progressive increase in risk for

relapse in a large cohort of children with ALL: As adher-

ence to treatment decreased, especially below a level of

95%, risk for relapse increased. However, subgroups of

children with different trajectories of adherence/

nonadherence or variable IDIs were not assessed.

The present study addressed salient methodological

limitations of previous studies of oral medication adher-

ence in maintenance phase therapy for ALL and LBL by

studying a cohort of 139 pediatric patients across multiple

sites enrolled in treatment protocols used by COG (2007–

2012) that were currently in maintenance treatment. The

primary objective of this study was to describe patterns of

adherence to 6MP treatment, including heterogeneity

in trajectories of adherence patterns and IDIs based on

electronic monitoring, which is an objective observational

method recognized as a valid adherence measure (Quittner,

Modi, Lemanek, Ievers-Landis, & Rapoff, 2008). One med-

ication (6MP) was selected as the primary medication to

monitor for adherence because (1) substantial data have

demonstrated its efficacy and importance in preventing re-

lapse (Bhatia et al., 2012); and (2) it is prescribed daily
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over the course of maintenance therapy. A second objective

of the study was to describe the interrelationships between

adherence measures (e.g., overall adherence percentage,

adherence subgroups, medication gaps, and IDIs) and

demographic correlates of adherence.

Methods
Participants and Procedure

Participants were 139 children and adolescents aged 7–19

years diagnosed with ALL or LBL and their primary care-

givers who were followed at six centers in different regions

of the United States that specialize in pediatric cancer

treatment, including site 1 (n¼ 18 patients, 12.9%), site

2 (n¼ 33 patients, 23.7%), site 3 (n¼ 28, 20.1%), site 4

(n¼ 33, 23.7%), site 5 (n¼ 22, 15.8%), and site 6 (n¼ 5,

3.6). Demographic and medical characteristics of the base-

line sample are provided in Table I. Institutional Review

Boards at each site approved the study. Data were collected

as part of an ongoing 15-month longitudinal study of a

family-centered problem-solving intervention to promote

medication adherence for pediatric cancer, which is still

in process. The age range of 7–19 years was selected to

maximize child/adolescent participation in problem-solving

with parents, which was the primary focus of the family-

centered intervention. The present study focused on

Table I. Demographic and Medical Characteristics of Baseline Sample (N¼139)

Child’s/adolescent’s age at baseline (years), M� SD (range) 12.29 years�3.44 (7–19.1 years)

Type of cancer diagnosis

ALL, n (%) 133 (95.7)

LBL, n (%) 6 (4.3)

Duration of cancer diagnosis at baseline (years), M� SD (range) 1.29 years� 0.35 (0.68–2.27 years)

Child’s gender

Male, n (%) 94 (67.6)

Female, n (%) 45 (32.4)

Child’s ethnicity/race

Non-Hispanic, Caucasian, n (%) 75 (54.0)

Non-Hispanic, other, n (%) 15 (10.9)

Hispanic, n (%) 49 (33.9)

Ethnicity unknown/not reported, n (%) 2 (1.4)

Primary caregiver age (years), M� SD (range) 40.66 years� 7.31 (24–59 years)

Caregiver relationship who participated in baseline visit

Biological mother 126 (90.6)

Biological father 12 (8.6)

Stepfather 1 (0.7)

Primary caregiver’s marital status

Married, n (%) 96 (69.1)

Not married, n (%) 43 (30.9)

Highest level of education completed by primary caregiver

No high school diploma, n (%) 26 (18.7)

High school diploma or G.E.D., n (%) 32 (23.0)

College courses/vocational/trade school/associate’s degree, n (%) 45 (32.4)

Bachelor’s/master’s/professional degree (MD, PHD, JD), n (%) 36 (25.9)

Household composition

One-caregiver household 45 (32.4)

Two-caregiver household 94 (67.6)

Total annual household income before taxes, median $49,000–$72,999

<$18,745 36 (25.9)

$18,745–$32,874 18 (12.9)

$32,875–$48,999 13 (9.4)

$49,000–$72,999 20 (14.4)

$73,000–$126,500 31 (22.3)

>$126,500 17 (12.2)

Note. M¼mean, SD¼ standard deviation.
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measurement of adherence patterns based on electronic

monitoring during the first month of study enrollment be-

fore the intervention.

Eligibility criteria were as follows: (1) diagnosis of ALL

or LBL in remission with at least one cycle of the mainte-

nance phase of therapy completed and 15 months of treat-

ment remaining; (2) prescription of a daily dosage of 6MP

oral medication; and (3) age 7–18 years at recruitment and

fluent in English or Spanish. Participants were excluded

(n¼ 7) if they were involved in foster care or did not

have a primary caregiver available to participate (n¼ 2),

had known plans to relocate (n¼ 5), were diagnosed

with a comorbid chronic condition requiring burdensome

treatments (e.g., cystic fibrosis), and/or were diagnosed

with an intellectual disability or psychiatric condition

that made it impossible to complete study procedures.

In accord with Health Insurance Portability and

Accountability Act (HIPAA) guidelines, families were first

contacted by their medical provider to obtain their permis-

sion to be approached about the study. If families agreed to

be contacted, they were approached by study coordinators

at each site to obtain parental permission/consent and

assent for children/adolescents aged �11 years. Of the

171 patients and families approached to participate,

18.7% (n¼ 32) refused to participate owing to the follow-

ing reasons: Too busy (n¼ 12), not interested (n¼ 19), or

no transportation (n¼ 1). A comparison of patients and

families who participated in the study with those who

did not participate indicated no differences (p > .05)

with respect to patients’ age and gender. However, more

non-Hispanic, Caucasian patients and families (9.4%)

refused participation compared with Hispanic (3.5%) and

non-Hispanic, minority (5.8%) patients and families

(p < .05).

Measures

Prescribed Medical Treatment

Prescribed medical treatment was comparable across all

sites based on treatment protocols for ALL and LBL

implemented by the COG. Medical charts were reviewed

at baseline and 1-month follow-up using standardized

forms to obtain information regarding prescribed treat-

ment regimens, including medication type, dose, and

timing of medication administration. Information regard-

ing the prescribed treatment regimen was used to

operationalize nonadherence (e.g., discrepancy between

the prescribed daily dosage of 6MP compared with elec-

tronic monitoring data). The mean 6MP dosage per week

was 92.42 mg (standard deviation [SD]¼ 39.19 mg,

range: 25–200 mg).

Electronic Monitoring of 6MP Medication Adherence

An electronic monitoring device (i.e., the Medication

Event Monitoring System [MEMS�] from the AARDEX

Corporation, Palo Alto, CA) was used to monitor adher-

ence to 6MP oral medication therapy for 1 month. The

MEMS� system is similar to a prescription bottle, but con-

tains a micro-electronic chip in the cap that registers dates/

times when the bottle was opened and closed. Patients and

their parents were instructed to take the 6MP only from the

MEMS� bottle for the duration of the study, not to open

the bottle unless the patient was taking a medication dose

at that time, and to close the bottle immediately after re-

moving the prescribed dose. A standardized form was used

during each download to capture information regarding

extra openings, refills, and periods of nonuse during the

previous 1-month period. Adherence calculations did not

include nonmonitored periods during which the patient

was put on a medication hold owing to low lab values

and/or other medical reasons (verified by chart review)

and other periods in which the MEMS� cap and bottle

were not used based on parent/patient reports (e.g., over-

nights, vacations, etc.).

Nine patients did not have electronic monitoring data

available for the first month of study enrollment owing to

not wanting to use the device and/or forgetting to use the

device or lost devices. A subsample of patients (n¼ 39)

requested to use the MEMS� cap along with their current

medication administration system (e.g., pill box) to avoid

disrupting their adherence. These patients and their par-

ents were given a detailed description of how best to use

the MEMS� cap with their current system such that each

time 6MP medication was removed from the alternative

medication management system (e.g., pill box), the

parent/patient also opened the MEMS� cap to record

the date/time medication was removed. Patients and their

parents were asked during each MEMS� download about

any issues they encountered with using the MEMS� in this

way.

Operational Definitions of Primary Adherence Variables
Derived From MEMS

Electronic monitoring provides an objective estimate of a

range of adherence behaviors, including the average adher-

ence percentage over a specified period, information

regarding dose timing and IDIs, and number of consecutive

days in which medication was not taken (Bhatia et al.,

2012; Kenna et al., 2005; Lau et al., 1998; Pritchard

et al., 2006; Quittner et al., 2008; Tebbi, 2006).

Adherence percentages were defined as the number of

times that doses of oral medication were taken as pre-

scribed. IDIs were defined as the period in between two
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does (i.e., time lapsed between the current dose and the

previous dose). Medication gaps were defined as the

number of consecutive 24-hr periods in which medication

was not taken.

Data Analytic Plan

Our data analytic plan used multiple methods for describ-

ing adherence to 6MP medication based on results

obtained from electronic monitoring.

Description of Changes in Daily Adherence:
Overall Sample

Unconditional growth curve models were used to examine

changes in daily adherence rates during the first month of

study enrollment. Individual growth curve models (i.e.,

level 1) measured changes in daily adherence rates over

time for the entire sample at both the population level as

well as for each individual patient enrolled in the study.

Growth was summarized for the population and for each

individual using two terms: Fitted intercept (i.e., baseline

value) and fitted slope (i.e., rate of change over time)

(Singer & Willet, 2003). Unconditional growth curve

modeling was performed using SAS Proc Mixed.

Restricted maximum likelihood estimations were used to

avoid biased estimates of the variance components.

Unstructured covariance matrices were used to allow var-

iances and covariances to vary across time rather than to

conform to a priori constraints (Singer & Willet, 2003).

Description of Changes in Daily Adherence: Analysis of
Subgroups Based on Trajectories of Adherence

Growth curve modeling describes change over time at the

individual level as well as for the population as a whole but

does not provide information regarding the heterogeneity

of the adherence patterns being modeled, including dis-

tinct specific subgroups that follow similar patterns over

time (Nagin, 2005). For this reason, latent group-based

trajectory modeling (LGTM) based on the SAS Trajectory

(TRAJ) procedure was used to identify specific subgroups

that demonstrated different adherence patterns of 6MP

medication adherence. The normal distribution option in

the TRAJ procedure was used to model adherence patterns

across 1 month. Linear, cubic, and quadratic solutions

with 2, 3, 4, 5, and 6 subgroups were examined. The ad-

equacy of the final model was evaluated using statistical

diagnostics recommended by Nagin (2005), including (1)

identifying the model that had the ‘‘best’’ statistical fit

based on the Bayesian Information Criterion; (2) subgroup

proportions of at least 0.10 to ensure the group size was

large enough to be of practical utility; (3) average posterior

p > .7; and (4) odds correct classification >5 for all of the

groups in the model.

Description of IDIs and Gaps in Adherence

The timing of daily medication, including the intervals be-

tween doses (i.e., IDI) as well as the number of consecutive

days in which no medication was taken (i.e., medication

gaps) were also measured.

Interrelationships Among Adherence Measures

Spearman and Pearson correlations described the relation-

ship among the adherence measures and demographics. A

between-subjects analysis of variance was used to examine

whether there were mean differences between adherence

trajectories (optimal adherence, deteriorating adherence,

and chronic nonadherence) with respect to mean IDIs,

medication gaps (total consecutive days without medica-

tion), and patient age. Post hoc comparisons were per-

formed using Tukey’s Honestly Significant Difference

test. Chi-square analyses were used to evaluate differences

between the adherence subgroup trajectories and relevant

demographic factors (patient gender, ethnicity/race, family

structure [one- vs. two-parent homes], income, and mater-

nal education).

Results
Description of Sample

The demographic characteristics of the sample (N¼ 139)

are shown in Table I. The overwhelming majority of the

patients (n¼ 133) were diagnosed with ALL. The average

age of the sample was 12.3 years (SD¼ 3.4). The majority

of patients were male (n¼ 94, 68%) and were of Caucasian

ancestry (n¼ 75, 54%).

Description of Adherence Rates

The mean percentage of adherence defined as the number

of doses taken compared with what was prescribed was

86.5% across 1 month of monitoring (SD¼ 22.4%,

range¼ 0–110%). Mean IDI was 30 hr (SD¼ 22 hr,

range¼ 21–242 hr), and mean consecutive 24-hr medica-

tion gaps (or the mean number of consecutive days 6MP

medication was missed) was 3 days (SD¼ 6 days,

range¼ 0–31 days).

To provide a context in which to consider the potential

clinical relevance of our findings, we examined the average

percentage of adherence in this sample based on Bhatia

et al. (2012) who found that adherence rates <95% were

associated with an increased risk for disease relapse. In the

current sample, 44.3% (n¼ 58) of patients demonstrated

adherence rates <95% across the first month of

Medication Adherence in Pediatric Cancer 79

-
our
tilized
medication  
. 
over 
. 
,
one 
:
 (BIC)
probability greater than
0
greater than 
Interdose Interval
. 
. 
 (ANOVA)
interdose interval
 (HSD)
(
ersu
)
one 
-
ours
ours
-
ours
our
-
as


monitoring: 9.2% (n¼ 12) ranged from 90 to 95%, 4.6%

(n¼ 6) ranged from 85 to 90%, and 30.5% (n¼ 40) were

<85%. Adherence rates did not differ between Hispanic

and non-Hispanic patients (w2
¼ 4.8, p > .05).

Changes in Adherence Over Time

Individual Growth Curve Modeling

Unconditional growth curve modeling for the current

sample (n¼ 131) indicated that medication adherence

was 89.9% at baseline and significantly decreased over

the first month of monitoring at a rate of �0.22% per

day such that adherence estimates at the end of month 1

were 83% [F(1,111)¼ 7.48; p < .01].

Group-Based Trajectory Modeling

Based on LGTM, three linear trajectories of 6MP medication

adherence over the first month of maintenance treatment

had the best model fit (see Figure 1). The majority of pa-

tients (n¼ 99, 75.8%) demonstrated exemplary adherence

rates during the first month of maintenance phase treat-

ment: Starting at 100% and decreasing at a rate of only

�0.01% per day. A second, much smaller group (n¼ 23,

17.1%) started at 100% adherence at the start of monitoring

and decreased at a rate of �3.3% per day to an average of

60% adherence by the end of the first month. The third and

smallest group (n¼ 9, 7.1%) never established an adequate

pattern of adherence with adherence levels of only �40%

across the first month with adherence decreasing at a rate of

�5.6% per day. There was no difference between trajectory

groups with respect to patient age [F (1,128)¼ 1.18,

p > .05], Hispanic-ethnicity (w2
¼ 4.9, p > .05), or whether

the patient used the MEMS cap or used the MEMS as a

proxy for an alternative medication administration system

such as a pill box (w2
¼ 4.0, p > .05).

IDIs and Gaps in 6MP Adherence Over Time

The standard prescriptive recommendation is to take 6MP

medication within 24 hr of the previous dose. The average

IDI for 6MP medication when examining all patient doses

in our sample (N¼ 3,020) was above the recommendation:

27 hr. There was considerable intrasample variation:

SD¼ 19 hr; range 5–678 hr. The majority of 6MP doses

(77%) were taken between 22 and 26 hr after the previous

dose. A small percentage (8.4%) of medication doses were

taken <22 hr after the prior dose. Similarly, 14.4% of med-

ication doses were taken 26–60þ hr after the previous

dose was given.

With respect to significant medication gaps of more

than a day: 35% of the sample did not miss any doses,

32.5% missed only one consecutive dose, and 13.8%

missed two consecutive doses. A subgroup of patients

(18%) had gaps in 6MP medication of 3–10 consecutive

days.

Interrelations Among Adherence Measures

Pearson and Spearman correlations describing the relation-

ships between the various adherence measurements and

demographic characteristics are provided in Table II. As

shown in Table II, measures of adherence were highly in-

tercorrelated for the most part. Average adherence percent-

age correlated highly with mean IDIs (r¼�.87): The

higher the adherence levels, the less time between

Figure 1. Trajectories of 6MP medication adherence across 1 month.
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medication doses. Moreover, the adherence percentage also

correlated with gaps in adherence (r¼�.89): Higher ad-

herence was associated with fewer medication gaps.

Finally, adherence group trajectory membership was corre-

lated with the adherence percentage (r¼�.24), mean IDIs

(r¼ .38), and medication gaps (r¼ .17).

Significant differences were identified between the ad-

herence trajectory subgroups (chronic nonadherence, de-

teriorating adherence, and optimal adherence) with respect

to average monthly adherence rates [F (2, 124)¼ 501.9,

p < .01], medication gaps [F (2, 128)¼ 162.7, p < .01],

and average IDIs [F (2, 122)¼ 59.9, p < .01]. The optimal

adherence subgroup demonstrated significantly higher

mean adherence rates across 1 month (M¼ 96.8%,

SD¼ 5.4%) and had fewer medication gaps (M¼ 0.69,

SD¼ 0.79). The deteriorating adherence and chronic

nonadherence subgroups demonstrated lower mean adher-

ence rates (deteriorating: 70.1� 11%; chronic:

19.8� 13.9%) and more medication gaps (deteriorating:

3.7� 3; chronic: 18.7� 10). The chronic nonadherence

subgroup demonstrated a much higher IDI between 6MP

medication doses (M¼ 93 hr, SD¼ 70 hr) compared with

the optimal (M¼ 25 hr, SD¼ 2 hr) and deteriorating adher-

ence subgroups (33 hr, SD¼ 7 hr).

Relationship of Demographic Characteristics to
Adherence Measures

As shown in Table II, none of the demographic character-

istics were related to adherence measures (average fre-

quency, IDI, or gaps). Chi-square analyses indicted that

there were no differences between the different adherence

subgroup trajectories and relevant demographic factors

such as patient gender, ethnicity/race, age, family structure

(one- vs. two-parent homes), family income, and maternal

education.

Discussion

To our knowledge, our study is the first study to identify

distinct adherence trajectories of 6MP medication adher-

ence during maintenance phase treatment for pediatric

ALL/LBL using an objective observational measure of treat-

ment adherence. The overall percentage of treatment ad-

herence (86.5%) at the initial baseline assessment (i.e., day

1 of monitoring) was higher than that reported in most

previous studies of children and adolescents with cancer,

most of which have not used objective measures (Kondryn

et al., 2010). However, it should be noted that the overall

rate of 6MP medication adherence for the sample as a

whole demonstrated a significant level of deterioration

over the first month to 83% adherence at the end of the

initial 1-month monitoring period. Moreover, the signifi-

cant intrasample variation in the levels of adherence to

6MP medication has potential clinical relevance. For exam-

ple, while more than half of the sample (55.7%) demon-

strated levels of adherence >95% level noted by Bhatia

et al. (2012) to be a protective factor for relapse, a sub-

stantial percentage (44.3%) had overall adherence levels

suggesting an increased risk for relapse (<95% adherence)

(Bhatia et al., 2012). Moreover, analyses of trajectories of

adherence indicated that two subgroups totaling 24% that

either never established an adequate level of adherence or

had adherence rates that dropped significantly over the

month. Assuming these adherence trajectories persist

over time, patients in these subgroups would be prime

candidates for more intensive, empirically supported

Table II. Interrelationships for Baseline Demographics and 6MP Medication Adherence Data (N¼130)

Variable 1 2 3 4 5 6 7 8 9 10 11

1¼Mean adherence 1.00

2¼Mean IDI �0.87** 1.00

3¼Total medication gaps �0.89** 0.77** 1.00

4¼Adherence group �0.91** 0.81** 0.79** 1.00

5¼Adherence trajectory

group membership

�0.24** 0.31** 0.17* 0.35** 1.00

6¼ Patient age �0.10 0.07 0.09 0.14 0.07 1.00

7¼ Patient gender 0.01 �0.02 0.04 0.00 0.08 0.15 1.00

8¼ Patient ethnicity/race �0.03 0.03 �0.02 0.01 �0.17 0.10 2.00 1.00

9¼ Family structure

(one vs. two parent)

0.16 �0.16 �0.12 �0.15 �0.15 �0.06 �0.08 �0.28** 1.00

10¼ Family income 0.06 �0.07 �0.06 �0.01 �0.03 �0.13 �0.07 �0.58** 0.43** 1.00

11¼Maternal education �0.12 0.11 0.04 0.17 0.09 �0.08 0.12 �0.56** 0.14 0.67** 1.00

Note. SD¼ standard deviation.

**p < .01; *p < .05.
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adherence promotion interventions (e.g., behavioral and

problem-solving approaches) (Kondryn et al., 2010).

It should be noted that the adherence rates reported in

our study (86.5%) are lower than those presented by

Bhatia et al’s. (2012) study, who reported mean adherence

rates of 95% across the first month that decreased to 90%

after 6 months of monitoring. The lower adherence rates

observed here could be attributed to our older patient

sample (mean age of 12.3 years) compared with the

median age of 6 years in Bhatia et al. (2012). Moreover,

in contrast to Bhatia et al. (2012), we did not note signif-

icant differences in adherence rates between Hispanic

versus non-Hispanic patients. In contrast to Bhatia et al.

(2012), which was powered to detect differences in ethnic-

ity given its primary aim, our study may not have had

sufficient power to detect differences between Hispanic

and non-Hispanic patients. Moreover, the relatively short

monitoring period of 1 month in our study compared with

Bhatia et al. (2012) who monitored patients across 6

months may have limited our ability to detect differences.

To our knowledge, our study is the first to report data

concerning IDIs, medication gaps (i.e., the number of con-

secutive days in which no medication was taken), and tra-

jectories of adherence to 6MP treatment for ALL/LBL. 6MP

medication is prescribed to be given once a day, ideally at

the same time each day, and typically at bedtime unless

otherwise instructed by a health care provider. Although

the majority of the 6MP medication doses (77%) were

taken within 22–26 hr, nearly one fifth of the sample had

larger medication gaps of 3–10þ consecutive days, which

could limit the therapeutic efficacy of the 6MP medication.

The half-life of the metabolites of 6-MP is approximately 5

days following the medication dose (Derijks et al., 2004;

Fishman & Mrozek-Orlowsk, 1999). Consequently, pat-

terns of IDI that reflect highly variable dose timing and/

or prolonged clinically significant gaps in IDI might also be

targeted for more intensive adherence promotion interven-

tion. Our unique finding that alternative measures of treat-

ment adherence based on objective observational methods

(e.g., adherence percentages, IDI, and trajectories) were

significantly correlated has implications for assessment

and intervention. Because measures of nonadherence in-

cluding adherence percentages, IDI, and trajectories cluster

together, targeting specific nonadherence behaviors in any

of several domains may be effective.

Several limitations should be considered when inter-

preting our findings. First, the study focused on 30 days of

maintenance treatment. Short-term findings may or may

not reflect longer-term patterns. Nevertheless, studies

with other pediatric chronic illness populations have

shown stability in subgroups of trajectories of adherence

over 1 year (Modi et al., 2011; Rohan et al., 2010).

Furthermore, research on adherence with pediatric ALL

(Bhatia et al., 2012) and other chronic pediatric conditions

(Modi et al., 2011; Rohan et al., 2010) indicates that rates

of adherence deteriorate over the course of treatment. The

present data may therefore reflect the most optimal period

of adherence for this sample overall. Because participants

knew that their adherence was being monitored and the

MEMS Caps were novel, our findings may be influenced by

patient and family reactivity, which could inflate levels of

adherence. On the other hand, two subgroups of children

and adolescents demonstrated problematic levels of adher-

ence from the outset of the study that were found to be

associated with risk for relapse in previous research (Bhatia

et al., 2012) and the sample as a whole demonstrated sig-

nificantly lower adherence over the course of time than in

Bhatia et al. (2012), which lends credence to our findings.

It should also be noted that 6MP was only one of several

medications that comprise the treatment protocol for ALL

or LBL. We do not know if adherence to 6MP generalizes to

other medications. Finally, this study was restricted to en-

rolling school-age children and adolescents given our focus

on testing the efficacy of a family-centered intervention

involving the active participation of the child or adolescent.

Several directions for future research are needed to

address the above limitations. First, it would be important

to determine whether our findings related to rates of ad-

herence, adherence trajectories, IDI, and gaps in adherence

that reflect longer-term patterns of adherence. Second, it

would be useful to determine the relationship of behavioral

measures of treatment adherence (e.g., electronic monitor-

ing with MEMS), to other objective measures of adherence

(e.g., the serum metabolites of 6MP), which can assess the

therapeutic action of 6MP and may be less vulnerable to

participant reactivity than electronic monitoring alone

(Traore et al., 2006). Finally, future studies should exam-

ine adherence patterns of younger patients diagnosed

with ALL.

The approach to measurement of adherence to oral

treatment in ALL and LBL reported here can be applied

to any orally administered medication. Moreover, the sta-

tistical methods presented here that describe adherence for

the sample as a whole, patterns of dosing frequency and

timing, and subgroups with different trajectories of adher-

ence can be readily applied to other chronic illness popu-

lations. Finally, our findings suggest that implementing

measurement of adherence via electronic monitoring early

and throughout the course of medical treatment could pro-

vide an effective method to allocate resources for adherence

promotion to those who need it most (e.g., children with

chronically problematic trajectories of adherence and gaps
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in the timing of doses that predict problematic clinical

outcomes). We appreciate that electronic monitoring of

patient adherence can pose technical challenges (e.g., lost

monitors, families forgetting to bring monitors in for down-

loads, use of pill boxes, etc.) (Ingerski, Hente, Modi, &

Hommel, 2011). In addition, objective measures of medi-

cation adherence are not typically used in ongoing clinical

management of adherence with some exceptions (Cortina,

Somers, Rohan, & Drotar, 2013). Nevertheless, imple-

menting objective observational measures of treatment ad-

herence in the management of pediatric cancer and other

chronic illness populations will provide real-time informa-

tion regarding adherence patterns over time, including

average adherence percentages, description of medication

timing between doses, therapeutic efficacy, medication

gaps, etc. The development and implementation of obser-

vational measures of adherence in routine care for pediatric

cancer provides an important method to tailor and target

interventions for adherence promotion that hold the prom-

ise of preventing disease relapse, which is extraordinarily

costly from an economic and human vantage point (Bleyer,

2011; Brown & Yabroff, 2006).
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