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Abstract: Acute lymphoblastic leukemia (ALL) is the most common malignancy in children and
young adults. Treatment is long and involves 2–3 years of a prolonged maintenance phase composed
of oral chemotherapies. Adherence to these medications is critical to achieving good outcomes.
However, adherence is difficult to determine, as there is currently no consensus on measures of
adherence or criteria to determine nonadherence. Furthermore, there have been few studies in
pediatric B-ALL describing factors associated with nonadherence. Thus, we performed a systematic
review of literature on oral chemotherapy adherence during maintenance therapy in ALL following
PRISMA guidelines. Published studies demonstrated various objective and subjective methods of
assessing adherence without generalizable definitions of nonadherence. However, the results of
these studies suggested that nonadherence to oral maintenance chemotherapy was associated with
increased risk of relapse. Future studies of B-ALL therapy should utilize a uniform assessment
of adherence and definitions of nonadherence to better determine the impact of nonadherence on
B-ALL outcomes and identify predictors of nonadherence that could yield targets for adherence
improving interventions.

Keywords: leukemia; lymphoblastic leukemia; acute lymphoblastic leukemia; ALL; adherence;
compliance; pediatric; children; adolescents; young adults; AYA; oral chemotherapy; cancer

1. Introduction

Acute lymphoblastic leukemia (ALL) is the most common cancer affecting children
and adolescents [1]. The 5-year survival rate is approaching 90% after treatment with
multi-agent chemotherapy [2,3]. Treatment typically lasts 2–3 years, and begins with up
to 9 months intensive chemotherapy followed by a prolonged low-intensity maintenance
phase that lasts for the remainder of therapy [4]. Maintenance phase is predominated by an
oral chemotherapy regimen consisting of daily 6-mercaptopurine (6-MP) or, less commonly,
daily 6-thioguanine (6TG), weekly methotrexate (MTX), and intermittent oral steroid bursts,
all given at home by patients or caregivers [5]. The long duration of maintenance therapy
has been shown to reduce odds of relapse [5]; however, it requires adequate adherence to
the prescribed regimen.

Oral chemotherapy has many perceived benefits compared to intravenous (IV)
chemotherapy, including greater flexibility, fewer interruptions to usual routines, fewer
trips to the hospital, and reduced stress [6,7]. However, administration of medications
at home provides new challenges, as the burden of medication administration is shifted
from provider to patient. One of the most notable challenges is medication adherence [8].
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Medication adherence can be defined as taking medications exactly as prescribed by a
medical provider. It includes taking the right medication at the right dose at the right
time, consistently [9]. Across oncologic conditions, adherence to oral chemotherapy is a
challenge, with widely variable adherence rates of 17–100% [8].

Given the importance of maintenance phase therapy in preventing relapse of ALL,
our primary objective was to systematically review the literature on oral chemotherapy
adherence during maintenance therapy in pediatric ALL with a particular focus on in-
dividual medication adherence rates and the overall prevalence of nonadherence. The
secondary aims were to explore the possible correlates of nonadherence and the relationship
between oral chemotherapy adherence and health outcomes, including event-free survival
and relapse.

2. Methods

We followed the guidelines for Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [10] (Figure 1).
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2.1. Article Retrieval

The search strategy involved looking for all articles relating to adherence or compliance
in pediatric and young adult acute lymphoblastic leukemia. A medical librarian conducted
a literature search in the following databases: PubMed, EMBASE, Cumulative Index to
Nursing and Allied Health Literature (CINAHL), PsycINFO, and Cochrane. No year limits
or language limits were applied. Specific keywords were searched, including leukemia,
patient compliance, medication adherence, treatment refusal, treatment barriers, treatment
dropouts, treatment compliance, and search terms relating to child, pediatric, adolescent,
and young adult. An age limit applied, from 0–39 years old. Additional articles were added
during the review process, through hand search of PubMed, using the following keywords:
adherence, compliance, leukemia, and maintenance chemotherapy. Two independent
reviewers (MH and XZ) assessed titles, abstracts, and full-text articles against eligibility
criteria. Disagreements were resolved by discussion or consultation with a senior author
(SB). An updated literature search on PubMed, using keywords from previous hand search,
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was completed in December 2022. Two independent reviewers (XZ and SB) assessed titles,
abstracts, and full-text articles against eligibility criteria.

2.2. Article Selection

Inclusion criteria for this review were as follows: (1) children, adolescent, and young
adults (0–39 years old) with acute lymphoblastic leukemia/lymphoma in remission, on oral
maintenance chemotherapy, (2) original full-text research articles, (3) medication adherence
or nonadherence as the primary or secondary outcome. Adherence, in this review, was
defined as the consistency with which individual patients took prescribed medication.
Exclusion criteria included (1) mean or median age of participants greater than 39 years
old, (2) focus on non-maintenance phase of therapy, (3) inclusion of multiple malignancies
without subgroup analysis of ALL/LBL, (4) focus on prescriber error or abandonment of
therapy, and (5) no full-text article available.

2.3. Data Extraction and Synthesis

A standardized form was used for data extraction. Data items in the form included
the following: first author’s name, publication year, country, study design and aims,
participants’ age and sex, race or ethnicity (if reported), sample size, duration of study and
long-term follow-up, maintenance medication evaluated, adherence measures, adherence
rates, definition and prevalence of nonadherence, interventions (if applicable), correlates of
nonadherence, and health outcomes, including event-free survival and relapse. Each article
included in the review was evaluated for quality of evidence using the Cochrane GRADE
approach (Grades of Recommendation, Assessment, Development, and Evaluation) [11].
Disagreements were resolved by discussion or consultation with a senior author. Data were
analyzed and summarized qualitatively. Our primary outcome measure was medication
adherence rate and prevalence of nonadherence. Secondary outcome measures included
clinical outcomes (survival, relapse).

3. Results
3.1. Literature Search

A total of 2935 citations were retrieved; 14 additional references were identified
through hand search. After duplicates were removed, 1423 citations remained; 100 full-text
articles were assessed for eligibility. A total of 37 articles met all inclusion criteria. This
process was outlined in the PRISMA flow chart, showing reasons for exclusion of full-text
articles (Figure 1).

3.2. Study Characteristics

Table 1 summarizes characteristics of the 37 publications included in this review [12–48].
The 37 publications represented 28 unique studies published between 1979 and 2021. The
majority of the publications included exclusively patients diagnosed with ALL (n = 30).
A few publications including multiple malignancies (n = 3) had ALL/LBL as the largest
subgroups, ranging from 49–94%. Most had a median or mean age of less than 10 years
old (n = 18), with only 7 publications focusing specifically on adolescents and young adults.
Adherence assessments of thiopurine (predominantly 6MP) were most common (n = 28),
followed by methotrexate (n = 5), combination (n = 3), and pulse steroids (n = 2). Most
publications were from the United States and Canada (n = 18) or Western Europe (n = 12).
Several (n = 7) were from middle income countries in South America and Africa. There were
no publications from Asian countries. Prospective cohort studies or analysis of adherence
data from randomized control trials (n = 23) were the most common study designs, with
only 4 that analyzed adherence-promoting interventions. Sample sizes ranged from 16 to
1194; approximately 50% had fewer than 100 participants (n = 19), while only 4 publications
reported on studies with greater than 700 participants. Duration of data collection ranged
from a single time point to 2 years (the entire duration of maintenance therapy). Additionally,
7 of 8 articles reporting long-term follow-up reported a follow-up of greater than 3 years.
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Table 1. Study characteristics.

Source, Year
(Country) STUDY DESIGN Study Aim Medication Sample Size N

(Subgroup n)
Age at Study Entry,
Mean or Median (SD
or Range) in Years

Study Length
Follow Up Duration Grade

Alsous et al., 2017 [12]
(Jordan)

Cross-sectional;
single center
≤19 year old, ALL

Assess adherence to 6MP;
identify factors influencing
adherence

6MP 52 8.9 (4.4) Single time point VL

Bhatia et al., 2012 [13]
(USA/Canada)

Prospective
observational;
multicenter
≤21 year old, ALL a

Assess adherence to 6MP,
impact on relapse, relation to
ethnicity (Hispanic vs.
non-Hispanic white)

6MP 327 4 (1–19)
Data collected over
6 months
Median (range): 3.7
(0.4–8.8) years

M

Bhatia et al., 2014 [14]
(USA/Canada)

Prospective
observational;
multicenter
≤21 year old, ALL a

Assess adherence to 6MP,
impact on relapse, relation to
ethnicity (African
Americans/
Black, Asian, non-Hispanic
white)

6MP 298 6 (2–20)
Data collected over
5 months
Median (range): 5
(0.07–9.1) years

M

Bhatia et al., 2015 [15]
(USA/Canada)

Prospective
observational;
multicenter
≤21 year old, ALL a

Evaluate intra-individual
variability of 6MP on relapse
risk

6MP 742 (Adherence data
n = 470) 6 (2–21)

Data collected over
6 months.
Median (range):
5.2 (0.07–9.4) years

M

Bhatia et al., 2020 [16]
(USA/Canada)

Randomized control trial
with intervention;
multicenter
≤21 year old, ALL

Determine if
multicomponent
intervention (text + direct
supervision + education)
will increase adherence to
6MP compared to education
alone

6MP
444 (Intervention
n = 230; Education alone
n = 214)

8.1 (IQR 5.3–14.3)

Data collected over 28
days for baseline,
intervention period of
16 weeks

H

Davies et al.,
1993 [17] (UK)

Prospective
observational;
single center
“Children”, ALL

Assess adherence
to 6MP 6MP 35 NR (NR)

Data collected at least 2
time points, unknown
duration

VL

De Oliveira et al., 2004
[18] (Brazil)

Prospective
observational; single
center
<18 year old, ALL b

Assess adherence to 6MP 6MP 39 4.8 (1.5–16.3)

Data collected over
entirety of maintenance
Median (range): 5.25
(1.38–6.9) years

L
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Table 1. Cont.

Source, Year
(Country) STUDY DESIGN Study Aim Medication Sample Size N

(Subgroup n)
Age at Study Entry,
Mean or Median (SD
or Range) in Years

Study Length
Follow Up Duration Grade

De Oliveira et al.,
2005 [19] (Brazil)

Prospective
observational;
single center
<18 year old, ALL b

Assess adherence
to 6MP 6MP 73 4.0 (1.2–16.3)

Data collected over
entirety of maintenance
Median (range): 4.75
(1.33–8.5) years

L

Farberman et al.,
2021 [20] (Argentina)

Cross-sectional;
multicenter
0–17 year old, ALL/LBL

Assesses adherence to oral
chemotherapy
and beliefs

Oral maintenance 203 (ALL n = 163)
NR (NR)
0–2 (2.5%); 2–6 (34.5%);
6–11 (36.6%); 11–18
(27.1%)

Single time point L

Hawwa et al.,
2009 [21]
(Northern Ireland)

Prospective
observational;
single center
“Children”, ALL

Develop method to
prospectively assess
adherence to 6MP

6MP 19 10 (3–17) Data collected over
6 months L

Heneghan et al.,
2020 [22] (USA)

Cross-sectional;
single center
1–27 year old (parent of
1–18 year old, patient
12–24 year old), ALL

Assess parent and patient
reported adherence and
barriers to adherence

6MP 57 families (Patient
n = 16; Parent n = 49)

Patient participants:
17 (IQR 16–19)
Patient reported on by
parents: 6 (IQR 5–10)

Single time point L

Hoppmann et al.,
2021 [23]
(USA/Canada)

Prospective
observational;
multicenter
≤21 year old, ALL a

Develop risk prediction
model for 6MP
nonadherence

6MP 407 7.7 (4.4) Data collected over
6 months M

Isaac et al., 2020 [24]
(USA)

Prospective
observational;
multicenter
7–19 year old,
ALL/LBL c

Assess ethnic differences in
parent and child social
problem-solving abilities
and impact on 6MP
adherence

6MP 139 12.3 (3.4) Data collected over
15 months M

Jaime-Perez et al.,
2009 [25] (Mexico)

Prospective
observational; single
center
≤15 year old, ALL

Assess adherence to MTX MTX 49 8 (5–15) Data collected over 6–7
months L
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Table 1. Cont.

Source, Year
(Country) STUDY DESIGN Study Aim Medication Sample Size N

(Subgroup n)
Age at Study Entry,
Mean or Median (SD
or Range) in Years

Study Length
Follow Up Duration Grade

Kato et al., 2008 [26]
(USA/Canada/
Australia)

Randomized control trial;
multicenter
13–29 year old, multiple
malignancies (subgroup
ALL/LBL on 6MP)

Determine if video-game
intervention will increase
adherence and alter other
behavioral outcomes in
adolescents with
malignancies

6MP 375 (ALL n = 152;
6MP n = 54)

NR (13–29)
Adolescent [13–16]
(66%);
Young adult [17–29]
(34%)

Data collected over
3 months M

Khalek et al., 2015 [27]
(Egypt)

Prospective
observational;
single center
“Children”, ALL

Assess adherence
to 6MP 6MP 129 6 (1.6–16.1) Data collected over

15 months L

Kremeike et al.,
2015 [28] (Germany)

Prospective
observational;
single center
≤18 year old, ALL

Assess factors influencing
adherence during
maintenance therapy

6MP, MTX 33 8.2 (1–16) 1–3 time points,
unknown time-period VL

Kristjansdottir et al.,
2021 [29] (Denmark)

Retrospective;
multicenter
18–45 year old, ALL

Assess adherence to 6MP
and association with
survival in
young adults

6MP 62 (Adherence data
n = 51) 24.2 (IQR 19.4–33.5)

Data extracted over
11 year period
Median (range): 4.1
(0.6–10.7)

M

Lancaster et al.,
1997 [30] (UK)

Cross-sectional cohort;
multicenter
“Children”, ALL

Assess interpatient
variability at standardized
dose
of 6MP

6MP 496 NR Single time point VL

Landier et al., 2017 [31]
(USA/Canada)

Prospective
observational;
multicenter
≤21 year old, ALL a

Comparison of self-reported
adherence to electronic
monitoring; identify
predictors of overreporting

6MP 416 7 (2–20) Data collected over 4
months M

Landier et al., 2017 [32]
(USA/Canada)

Prospective
observational;
multicenter
≤21 year old, ALL a

Assess 6MP ingestion habits
and impact on adherence
and relapse

6MP 441 6 (2–20)
Data collected over 6
months
Median (range): 6.1
(0.8–11) years

M



Curr. Oncol. 2023, 30 726

Table 1. Cont.

Source, Year
(Country) STUDY DESIGN Study Aim Medication Sample Size N

(Subgroup n)
Age at Study Entry,
Mean or Median (SD
or Range) in Years

Study Length
Follow Up Duration Grade

Lansky et al., 1983 [33]
(USA)

Cross-sectional;
single center
“Children”, ALL

Correlate urinary assay of
prednisone with
demographic and
psychological testing

Prednisone 31 7.2 (2–14) Single time point VL

Lau et al., 1998 [34]
(Canada)

Prospective
observational with
subgroup randomization;
single center
“Children”, ALL

Assess adherence to 6MP;
subgroup randomized to
AM followed by PM
medication administration to
determine if timing affects
adherence

6MP 24 (Randomized
n = 8) 7.3 (4.6) Mean (SD, range):

44 (20.2, 15–94) days L

Lennard et al.,
1995 [35] (UK)

Cross-sectional;
multicenter
“Children”, ALL

Assess use of intracellular
thioguanine metabolites as
indicator of nonadherence

6MP 327 5 (1–15) Single time point VL

Lennard et al.,
2013 [36]
(UK/Ireland)

Prospective
observational;
multicenter
1–18 year old, ALL d

Assess TPMT
phenotype-genotype
concordance; influence of
TPMT on thiopurine
metabolite formation; use of
metabolites as marker of
nonadherence

6MP 1194 (6TG n = 450; 6MP
n = 744) NR (1–18) Data collected over 2

years M

Lennard et al.,
2015 [37]
(UK/Ireland)

Prospective
observational;
multicenter
1–18 year old, ALL d

Assess TPMT polymorphism
on thiopurine dose intensity,
myelosuppression and
treatment outcomes; use of
metabolites as marker of
nonadherence

6MP 1082
NR (1–18)
<2 (8%); 2–9 (77%);
10–18 (15%)

Data collected over 2
years M

MacDougall et al.,
1992 [38]
(South Africa)

Cross-sectional; single
center
3–14 year old, ALL

Assess use of urine 6MP
assay as indicator for
adherence

6MP 21 NR (3–14) Single time point VL
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Table 1. Cont.

Source, Year
(Country) STUDY DESIGN Study Aim Medication Sample Size N

(Subgroup n)
Age at Study Entry,
Mean or Median (SD
or Range) in Years

Study Length
Follow Up Duration Grade

Mancini et al.,
2012 [39] (France)

Cross-sectional;
multicenter
all ages, multiple
malignancies

Assess concordance between
self-reported and physician
reported adherence to oral
chemotherapy, and factors
associated with
nonadherence

6MP, MTX 52 (ALL n = 49)

8 (3–77)
Children [<11] (60%);
Adolescent [11–17]
(23%); Adult [>17]
(17%)

Data collected over
7 months L

Pai et al., 2008 [40]
(USA)

Prospective
observational;
multicenter
12–19 year old, ALL

Assess concordance between
self-reported adherence to
6MP and intracellular
metabolites among
adolescents

6MP 51 15 (12–19) Data collected over
4 months L

Phillips et al., 2011 [41]
(UK)

Prospective single arm
pilot study; multicenter
“Children”, ALL

Assess safety and parental
satisfaction of home-based
maintenance intervention to
improve adherence to oral
chemotherapy

6MP, MTX 50 8 (3–19) Data collected over
2 years M

Psihogios et al.,
2021 [42] (USA)

Prospective
observational; single
center
15–25 year old, ALL

Assess feasibly and
acceptability of text-based
assessment of adherence to
6MP

6MP 18 17.94 (2.31) Data collected over
28 days L

Rohan et al., 2015 [43]
(USA)

Prospective
observational;
multicenter
7–19 year old, ALL/LBL
c

Assess adherence to 6MP
and relationship to patient
demographics

6MP 139 12.3 (3.4) Data collected over
30 days M

Rohan et al., 2017 [44]
(USA)

Prospective
observational;
multicenter
7–19 year old, ALL/LBL
c

Assess concordance of
pharmacological
(intracellular metabolites)
and behavioral (MEMS)
measures of 6MP adherence

6MP 139 12.3 (3.4) Data collected over
15 months M
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Table 1. Cont.

Source, Year
(Country) STUDY DESIGN Study Aim Medication Sample Size N

(Subgroup n)
Age at Study Entry,
Mean or Median (SD
or Range) in Years

Study Length
Follow Up Duration Grade

Schroder et al.,
1986 [45] (Denmark)

Cross-sectional;
multicenter
“Children”, ALL

Describe pharmacokinetics
of MTX in erythrocytes
during maintenance therapy;
assess use as marker of
nonadherence

MTX 47 NR Single time point VL

Schroder et al.,
1987 [46] (Denmark)

Cross-sectional;
multicenter
“Children”, ALL

Describe pharmacokinetics
of MTX in neutrophils
during maintenance therapy;
assess use as marker of
nonadherence

MTX 16 NR Single time point VL

Smith et al., 1979 [47]
(USA)

Prospective
observational;
single center
“Children”, multiple
malignancies (subgroup
ALL/LBL)

Assess prednisone
adherence in pediatric
malignancies

Prednisone 52 (ALL n = 43) NR (0.67–17) Data collected over
16 months L

Wu et al., 2008 [48]
(USA)

Cross-sectional;
national database
≤21 year old, ALL

Assess adherence to 6MP
and MTX using prescription
refills recorded in national
claims database Medical
Outcomes Research for
Effectiveness and Economics
(MORE) Registry

6MP, MTX 900

12.7 (4.2)
Children [<12] (42%);
Adolescents [12–17]
(42%); Young adult
[18–21] (16%)

Single time point L

Abbreviations: 6MP, Mercaptopurine; MTX, Methotrexate; 6TG, Thioguanine. a Cohort from COG AALL03N1 study to assess compliance with
long-term mercaptopurine treatment in young patients with ALL. b Cohort from GBTLI-93 randomized multicenter trial of 18 months vs. 24 months
of maintenance therapy. c Cohort from 15-month randomized multicenter trial of family-centered problem-solving intervention to promote
medication adherence in pediatric cancer. Randomization of family problem solving training compared to current psychosocial care did not affect
adherence. Observational data of 6MP adherence measured by electronic monitoring device (Medication Event Monitoring System [MEMS]).
d Cohort from MRC ALL97 and ALL97/99 randomized multicenter trial assessing 6MP vs. 6TG and dexamethasone vs. prednisone in maintenance
therapy. Add-on pharmacogenetic and drug metabolism study to assess inter- and intra-patient variability in response to oral thiopurines.
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Data from four multicenter studies were analyzed and reported in more than one arti-
cle. Six articles reported analyses from the Children’s Oncology Group (COG)
AALL03N1 [13–15,23,31,32], a prospective observational study to assess adherence to long-
term 6-MP treatment in young patients with ALL. Two articles reported on observational
adherence data from a prospective randomized control trial by the Brazilian Cooperative
for Treatment of Childhood ALL (GBTLI) ALL-93 comparing treatment outcomes with
18-month versus 24-month maintenance therapy durations [18,19]. Participants were ana-
lyzed as a whole, not separated by treatment arm. Three articles reported on observational
adherence data from a multicenter randomized control trial comparing a family-centered,
problem-solving training intervention to current psychosocial care [24,43,44]. This trial
ultimately did not yield any differences in adherence; thus, adherence analyses was not
separated by treatment arm. Two articles reported observational adherence data from
maintenance therapy of Medical Research Council (MRC) ALL97 and ALL97/99 [36,37], a
prospective randomized control trial evaluating outcome differences between treatment
with dexamethasone versus prednisone, and 6MP versus 6TG. The articles separately
analyzed adherence to 6MP and 6TG. Most articles received a COCHRANE grade of low
(n = 13) due to observational studies, or very low (n = 8) due to downgraded observational
studies for limitations in design and imprecise results.

4. Assessment of Adherence and Prevalence of Nonadherence

Table 2 summarizes adherence assessments of the included publications. Measures
of adherence were either subjective or objective. Almost all articles included at least
one objective measure of adherence; 38% included both. Only 3 publications reported
exclusively subjective measures. Adherence rates were reported as frequency with which
an individual patient was taking medication as prescribed. Nonadherence was calculated
as a prevalence of the study population who were not taking medication as prescribed,
typically based on a specific medication adherence cut off.
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Table 2. Assessment of nonadherence and clinical outcomes.

Author, Year Adherence Assessment
[S] Subjective [O] Objective Adherence Rate Definition and Prevalence of Nonadherence Clinical Outcomes Related to

Nonadherence

Mercaptopurine

Alsous et al., 2017 [12]
[S] Survey—MARS a for parents and
adolescents
[O) Metabolite—TGN, MMP b

NR

[S] MARS score <90%: parents 5.8%
(n = 3/52), adolescents 0% (n = 0/15)
[O] TGN and MMP <20%ile: 15.4%
(n = 8/52)

Overall detected by at least 1 method: 19.2%
(n = 10/52)

NA

Bhatia et al., 2012 [13] [O] Electronic—MEMS c 94.7% month 1 to 90.2%
month 6

[O] MEMS adherence <95%: 44%
(n = 142/327)

Increased incidence and risk of relapse
with nonadherence
Cumulative incidence of relapse at
4 years: 11% (nonadherent 17% vs.
adherent 4.9%, p = 0.0001); Relapse
OR2.5 (p = 0.002); Adjusted risk of
relapse attributed to nonadherence
58.8%

Bhatia et al., 2014 [14] [O] Electronic—MEMS 95% month 1 to 91.8%
month 5

[O] MEMS adherence <90%: Overall 20.5% (n =
61/298); non-Hispanic white 13%
(n = 20/159), Asian 15% (n = 11/71), African
American/black 44% (n = 30/68)

Increased risk of relapse with
nonadherence
Relapse: 6.4% (n = 19/298); Relapse risk
from nonadherence HR3.9
(p = 0.01); Adjusted risk of relapse
attributed to nonadherence 33%

Bhatia et al., 2015 [15] [O] Electronic—MEMS NR [O] MEMS adherence <95%: 42%
(n = 198/470)

Increased incidence and risk of relapse
with nonadherence
Cumulative incidence of relapse at
6 years: 9% (nonadherent 13.9% vs.
adherent 4.7% p = 0.001); Relapse risk
from nonadherence HR2.7
(p = 0.01)
Varying metabolite (TGN) levels not
predictive of relapse overall, but among
adheres, highly variable TGN levels can
predict relapse (HR4.4, p = 0.02)

Bhatia et al., 2020 [16]

[O] Electronic—MEMS

* Intervention: Education + daily text
reminders prompting supervised
therapy

Intervention group: Baseline 92.2%;
post 94%
Education only group: Baseline
93.5%; post 92.5%

[O] MEMS adherence <95%: Baseline 31% (n =
138/444)

Intervention group: Baseline 32% (n = 74/230);
post 35% (n = 81/230)
Education only group: Baseline 29.5% (n =
64/214); post 41% (n = 88/214)

Intervention did not improve overall
prevalence of nonadherence (p = 0.08),
but intervention increased mean
adherence rate in patients ≥12 years old
(93% vs. 90%, p = 0.04) and ≥12 year old
with baseline adherence <90% (83.4% vs.
74.6%, p = 0.008)
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Table 2. Cont.

Author, Year Adherence Assessment
[S] Subjective [O] Objective Adherence Rate Definition and Prevalence of

Nonadherence
Clinical Outcomes Related to
Nonadherence

Mercaptopurine

Davies et al., 1993 [17] [S] Interview of parents
[O] Metabolite—TGN NR

[S] Admitted nonadherence: 9% (n = 2/22);
Equivocal history of adherence:
27% (n = 6/22)
[O] Wide fluctuation of TGN levelb: 27%
(n = 6/22)

NA

De Oliveira et al., 2004 [18]
[S] Interview of parents
[O1] Review of medical chart
[O2] Metabolite—TGN, MMP

NR

[S] Report 2+ missed doses: 33% (n = 13/39)
[O1] Record of interruption or irregular
dose administration: 30.7% (n = 12/39)
[O2] Significant TGN and MMP decrease
without decrease in prescribed dose: 16.6%
(n = 6/36)

Overall detected by at least 1 method:
53.8% (n = 21/39); by at least 2 methods:
20.5% (n = 8/39)

Increased relapse prevalence in
nonadherent group
Relapse: 26% (n = 10/39);
nonadherent 33% (n = 7/21) vs.
adherent 17% (n = 3/18)

De Oliveira et al., 2005 [19] [S] Interview of parents
[O] Review of medical chart NR

[S] Report 2+ missed doses: 27% (n = 20/73)
[O] Record of interruption or irregular dose
administration: 30% (n = 22/73)

No difference in EFS and relapse
with nonadherence
Overall 8.5 year EFS 72.4%
(nonadherent 72% vs. adherent
72.8%, p = 0.88); Relapse: 25%
(n = 18/73); nonadherent 25%
(n = 5/20) vs. adherent 25%
(n = 13/25)

Hawwa et al., 2009 [21] [S] Survey—MAS-4 d for parents
[O] Metabolite—TGN, MMP

NR

[S] MAS ≥2: 15.8% (n = 3/19)
[O] Low TGN and MMP cluster: 21.1%
(n = 4/19)
[O] Wide fluctuation of TGN level: 5.3%
(n = 1/19)

Overall detected by at least 1 method:
26.3% (n = 5/19)

Heneghan et al., 2020 [22]

[S1] Survey—MMAS-8 e for parents
and adolescents
[S2] Survey—VAS f for parents and
adolescents

NR
[S1] MMAS <8: Parents 43% (n = 21/49);
adolescents 73% (n = 12/16)
[S2] VAS <95%: Parents 10% (n = 5/49);
adolescents 12% (n = 2/16)
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Table 2. Cont.

Author, Year Adherence Assessment
[S] Subjective [O] Objective Adherence Rate Definition and Prevalence of

Nonadherence
Clinical Outcomes Related to
Nonadherence

Mercaptopurine

Hoppmann et al., 2021 [23] [O] Electronic—MEMS NR

[O] MEMS <95%: 36% (n = 148/407);
MEMS <90%: 28% (n = 115/407)

Month 3 data for MEMS <90% used
to develop prediction model;
predicated probability of 0.3 used as
cut off for binary risk classifier of
high or low risk of nonadherence
with sensitivity 71%, specificity 76%

Risk of relapse higher with higher
probability of nonadherence
Cumulative incidence of relapse in
5 years: 11.9% for at high-risk
nonadherence vs. 4.5% for at low
risk (p = 0.006)
Relapse risk at high risk
nonadherence HR2.2 (p = 0.07)

Isaac et al., 2020 [24] [O] Electronic—MEMS
Mean (SD): Non-minority 82.5%
(3.3%), minority 82.3% (1.5%),
p >0.05

NR Relapse: 8.6% (n = 12/139)

Kato et al., 2008 [26]

[S1] Survey—MAS-4 d (n = 375)
[S2] Survey—CDCI g (n = 375)
[O] Metabolite—MMP (n = 54)

* Intervention: Cancer based
videogame

Mean MAS-4 score (SD):
Intervention 2.9 (1.1), control 3.0
(1.1) (p = ns)
Mean CDCI score (SD): Intervention
81 (8.7), control 78.4 (7.5) (p = ns)

[O] MMP level <1000 pmol/8 × 108

erythrocytes: NR, lower nonadherence
with intervention than control,
p < 0.001

Videogame intervention
significantly improved prevalence
of nonadherence

Khalek et al., 2015 [27] [S] Survey for parents
[O] Drug level—serum 6MP NR

[S] Reported 2+ missed doses: 55%
(n = 71/129)
[O] Serum 6MP <50%ile (<9.3 ng):
50% (n = 65/129)

Kremeike et al., 2015 [28] [S] Survey for parents
[O] Metabolite—TGN, MMP NR

[S] Reported non-exact medication
intake: 12% (n = 4/33)
[O] TGN and MMP below
therapeutic range: TGN 58%
(n = 23/40), MMP 67% (n = 27/40)M

Kristjansdottir et al., 2021 [29] [O] Metabolite—TGN, MMP NR

[O] Undetectable MMP in TPMT
WT: 9.8% (n = 5/51); TGN <100
nmol/mmol hemoglobin with
normal ALT and wbc: 13.7%
(n = 7/51); Wide fluctuation in TGN
level: 52.6% (n = 20/38)

Overall detected by at least 1
method: 49% (n = 25/51)

No association between
nonadherence and relapse risk
Relapse: 11.3% (n = 7/62)
5-year DFS 78%, OS 91.7%

Lancaster et al., 1997 [30] [O] Metabolite—TGN NR [O] Undetectable TGN level: 2%
(n = 9/496)
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Table 2. Cont.

Author, Year Adherence Assessment
[S] Subjective [O] Objective Adherence Rate Definition and Prevalence of

Nonadherence
Clinical Outcomes Related to
Nonadherence

Mercaptopurine

Landier et al., 2017 [31]
[S] Survey for parents and
adolescents
[O] Electronic—MEMS

Self-report 92.6%
MEMS 91.0%

[O] MEMS <95%: 39.7%
(n = 165/416)

Perfect reporter (MEMS matched
self-report): 12% (n = 50/416); Over
reporter (Self-report > MEMS):
23.6% (n = 98/416)

Self-report overestimates intake,
especially in nonadherent patients.
88% (n = 366/416) had self-report >
MEMS at least some of the time.
Nonadherent patients were more
likely (OR9.4) to overestimate
intake. Self-report sensitivity 52.7%,
specificity 95.8% for detecting
nonadherence

Landier et al., 2017 [32] [O] Electronic—MEMS MEMS 91% [O] MEMS <95%: 48.3%
(n = 193/441)

No association between relapse
risk and ingestion habits
Cumulative incidence of relapse at 5
years: 8.6%. No difference in taking
with food, with dairy, in morning or
evening

Lau et al., 1998 [34] [O] Electronic—MEMS NR [O] MEMS <95%: 58% (n = 14/24);
MEMS <90%: 33% (n = 8/24)

Lennard et al., 1995 [35] [O] Metabolite—TGN, MMP NR [O] TGN and MMP <25%ile: 10%
(n = 32/237)

Lennard et al., 2013 [36] [O] Metabolite—TGN, MMP NR [O] Undetectable TGN and MMP:
2.7% (n = 20/744)

Lennard et al., 2015 [37] [O] Metabolite—TGN, MMP NR
[O] Undetectable TGN and MMP:
2.8% (n = 20/707); TGN and MMP
<25%ile: 10% (n = 71/707)

5 year EFS 80%, OS 89%. No
difference in EFS with
nonadherence to 6MP.

MacDougall et al., 1992 [38] [O] Drug level—urine 6MP NR

Unable to detect nonadherence due
to variability in 6MP urine excretion
and unpredictable pattern of
night-time voids
Prevalence of adherence
[O] Detectable urine 6MP in first
morning voids of PM 6MP takers:
81% (n = 17/21)
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Table 2. Cont.

Author, Year Adherence Assessment
[S] Subjective [O] Objective Adherence Rate Definition and Prevalence of

Nonadherence
Clinical Outcomes Related to
Nonadherence

Mercaptopurine

Pai et al., 2008 [40] [S] Interview for patients
[O] Metabolites—TGN, MMP NR

[S] Reported missed dose in past
week: 24.5% (n = 14/51); Missed
dose in past 2 weeks: 45.1%
(n = 23/51)
[O] TGN and MMP <95%ile: 52.9%
(n = 27/51)

Self-report at month 2 predicts
nonadherence at month 4 (OR3.54,
p < 0.05)

Psihogios et al., 2021 [42]

[S1] Survey—Text survey for
patients (n = 18)
[S2] Survey for physicians (n = 16)
[O] Electronic—MEMS (n = 15)

* Intervention: Text survey to assess
adherence

Text 96.8%; Physician 97.8%; MEMS
90.7%

# missed doses mean (SD): Text 0.89
(1.64); Provider 0.63 (0.96); MEMS
2.6 (3.09)

NR
Daily text messages feasible and
reliable for delivering medication
adherence assessment

Rohan et al., 2015 [43] [O] Electronic—MEMS Baseline 86.2%, decline to 83% in 1
month

[O] MEMS <95%: 44% (n = 58/139);
MEMS <90%: 35% (n = 46/139)

Rohan et al., 2017 [44] [O1] Metabolite—TGN, MMP
[O2] Electronic—MEMS

MEMS—low TGN/low MMP:
72–78%; Low TGN/high MMP
85–90%; high TGN/low MMP
86–89% (p = 0.008)

[O1] Low TGN and MMP cluster:
40.8% (n = 312/764)
[O2] MEMS <95%: Low TGN/low
MMP group (nonadherent metabolite)
60.3–74.2%; Low TGN/high MMP
(adherent metabolite) 42.4–56.4%

Wu et al., 2008 [48] [O] Review of prescription claims Medication possession ratio i 6MP
85%

NR

Methotrexate

Jaime-Perez et al., 2009 [25]
[S] Interview for parents
[O1] Review of medical charts
[O2] Drug level—serum MTX

NR

[S] Reported 2+ missed doses: 10%
(n = 5/49)
[O1] Record of 2+ missed doses:
16.3% (n = 8/49)
[O2] Undetectable serum MTX level:
29% (n = 14/49)

Kremeike et al., 2015 [28] [S] Survey for parents NR [S] Reported non-exact medication
intake: MTX 33% (n = 7/31)
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Author, Year Adherence Assessment
[S] Subjective [O] Objective Adherence Rate Definition and Prevalence of

Nonadherence
Clinical Outcomes Related to
Nonadherence

Mercaptopurine

Schroder et al., 1986 [45] [S] Interview for parents
[O] Drug level—erythrocyte MTX NR

[O] Undetectable eMTX level: 6%
(n = 3/47)
[S] Admitted nonadherence: 4%
(n = 2/47)

Schroder et al., 1987 [46]
[S] Interview for parents
[O] Drug level—neutrophil MTX
level

NR

[O] Undetectable nMTX level: 5%
(n = 1/19)
[S] Admitted nonadherence: 5%
(n = 1/19)

Wu et al., 2008 [48] [O] Review of prescription claims Medication possession ratio i MTX
81%

Did not provide information about
prevalence of nonadherence

Prednisone

Lansky et al., 1983 [33] [O] Metabolite—urine 17 kgs/Cr NR [O] Average urine 17-kgs/Cr value
<18.7: 42% (n = 13/31)

Smith et al., 1979 [47] [O] Metabolite—urine 17-kgs/Cr NR [O] Average urine 17-kgs/Cr <18.7:
33% (n = 9/27)

Not specified

Farberman et al., 2021 [20] [S] Survey—SMAQ h for parents,
adolescents, physicians

NR
[S] SMAQ nonadherent: parents
25% (n = 48/194); adolescent 55% (n
= 20/37); physician 18% (n = 37/203)

Mancini et al., 2012 [39]

[S1] Survey (3 questions) and
interview for parents and
adolescents
[S2] Survey for physicians

NR

[S1] MMAS-3 >1 or reported 1+
missed doses in past week: Overall
23% (n = 12/52); children 13%
(n = 4/31); adolescents 33% (n = 4/12);
adults 44% (n = 4/9)
[S2] Physician reported missed dose:
11.5% (n = 6/52)
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Author, Year Adherence Assessment
[S] Subjective [O] Objective Adherence Rate Definition and Prevalence of

Nonadherence
Clinical Outcomes Related to
Nonadherence

Mercaptopurine

Phillips et al., 2011 [41]

[O] Tablet count

* Intervention: Home-based
maintenance program

[O] Tablet count <97% adherence:
After
3 months intervention 72%
(n = 35/50); After remediation 22%
(n = 11/50); After 2 years 45%
(n = 23/50)

* Remediation: program wide
education, specific confrontation
with parental intervention and
directly observed medication
therapy

Abbreviations: 6MP, Mercaptopurine; MTX, Methotrexate; 6TG, Thioguanine; CDCI, Chronic Disease Compliance Instrument; MARS, Medication
Adherence Report Scale; MAS-4, Morisky Adherence Scale 4 item; MMAS-3, Modified Morisky Adherence Scale 3-item; MMAS-8, Modified
Morisky Adherence Scale 8-item; MMP, methylmercaptopurine; MEMS, Medication Event Monitoring System; SMAQ, Simplified Medication
Adherence Questionnaire; TGN, thioguanine nucleotides; VAS, Visual Analogue Scale; Urine 17 kgs/Cr, ratio of urine 17-ketogenic steroids/urine
creatine. a Medication Adherence Report Scale (MARS) is a self-report adherence questionnaire with score 0–5; higher scores indicate better
adherence; score of 4.5/5 is 90%. b Thiopurine metabolites thioguanine nucleotides (TGN) and methylmercaptopruine (MMP) are intracellular
metabolites measured in erythrocytes. In hierarchical cluster analysis, low TGN/low MMP is indicative of nonadherence due to inability to explain
on metabolic grounds. Wide fluctuation of TGN is defined as ratio of highest TGN level to lowest TGN level ≥1.9. c Medication Event Monitoring
System (MEMS) adherence is calculated as ratio of # days with MEMS cap opening to # days of medication prescribed as a percent. d Morisky
Adherence Scale 4-item (MAS-4) is a self-report adherence questionnaire with 4 dichotomous questions with score 0–4; higher scores indicate
poorer adherence. e Modified Morisky Adherence Score 8-item (MMAS-8) is a self-report adherence questionnaire with 7 yes/no questions and
1 multiple-choice with score 0–8; higher score indicates better adherence, dichotomized into adherent score 8 vs. nonadherent <8. Evaluates
adherence over past 2 weeks. f Visual Analogue Scale (VAS) is a self-report adherence measure, estimates along a continuum % 6MP doses taken as
prescribed over the last month. Adherent is taking ≥95% of doses as prescribed, nonadherence is taking <95% doses as prescribed. g Chronic
Disease Compliance Instrument (CDCI) is a self-report adherence questionnaire for adolescents with cancer composed of 18 questions with score
18–90; higher scores indicate better adherence. h Simplified Medication Adherence Questionnaire (SMAQ) is a self-report adherence questionnaire
with 6 questions. Dichotomized into adherent and nonadherent. Nonadherent defined as positive response to any qualitative question, more than
2 doses missed in the past week, or over 2 days of total non-medication during the past 3 months. i Medication possession ratio calculated as [sum
of the number of days of the medication supplied]/[days in maintenance phase] expressed as percent.
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5. Pharmacologic Adherence
5.1. Thiopurines (6-mercaptopurine)

Daily thiopurines, predominantly 6-mercaptopurine (6MP), make up the backbone of
maintenance therapy for acute leukemias. In our review, 15 of the 28 publications analyzing
adherence to thiopurines reported pharmacological measurements of 6MP. Measurements
of the thiopurine metabolites (thioguanine nucleotides [TGN] and methylmercaptopurine
[MMP]) were the most reported (n = 13) [12,17,18,21,26,28–30,35–37,43,45]. Direct measures
of serum 6MP level [27] and urine 6MP level [38] were reported in one article each. Overall,
prevalence of nonadherence to 6MP using pharmacological assessment was widely variable
2–67%. There was no consensus definition of nonadherence. The most common definition
of nonadherence was based on low MMP and TGN levels (n = 7) which reflected chronic
low exposure. However, the cut off values for low were not consistent. Prevalence of overt
nonadherence using undetectable metabolite levels was the lowest at 2–3%. Prevalence of
partial nonadherence was detected using various definitions, including: metabolite level
cut offs in the lower quartile, or less than 20th percentile (10–15%); relative decrease in
metabolite level without decrease in medication dose (17%); hierarchical cluster analysis
to determine low TGN and low MMP group (21–53%); single metabolite level below
therapeutic range (58–67%). Nonadherence was also defined using variability in TGN
levels, with prevalence of 5–27%. Use of direct measurements of mercaptopurine, whether
in serum or urine, was limited (n = 2) due to variable inter-patient pharmacokinetics and
rapid drug metabolism.

5.2. Methotrexate

Weekly low-dose methotrexate (MTX) is an integral component of maintenance ther-
apy for ALL. Thus, 3 of the 5 publications reporting prevalence of nonadherence to oral MTX
used pharmacological measures, including serum MTX [25], erythrocyte MTX (eMTX) [45],
and neutrophil MTX (nMTX) [46]. Like serum measurements of 6MP, MTX levels in serum
drop rapidly after drug ingestion and metabolites accumulate intracellularly in erythro-
cytes and neutrophils. Overall, prevalence of nonadherence to MTX using pharmacological
assessment was between 5–29%. All three methods used undetectable level as the definition
of nonadherence. Undetectable serum MTX yielded a higher prevalence of nonadherence
of 29%, compared to undetectable measurements of intracellular MTX metabolites (eMTX
or nMTX) yielding prevalence of 5–6%.

5.3. Steroids

Intermittent pulses of steroids, such as prednisone, are a major component of mainte-
nance therapy. Two publications evaluated adherence to prednisone during maintenance
therapy for ALL [33,47]. Both were over 30 years old and used urine metabolites as a
measure of nonadherence. Prevalence rates of nonadherence reported in these 2 articles
were 33–42%. Smith et al. [47] also evaluated hemoglobin rise and weight gain as objective
measures of adherence to prednisone, and did not demonstrate any significant relationship.

6. Behavioral Adherence
6.1. Medication Event Monitoring System (MEMS)

The MEMS cap is an objective, indirect measure of adherence to therapy. Microelec-
tronic technology is used to record date and time of each pill bottle opening but does not
provide information about ingestion of the medication [13]. Herein, 12 of 37 (32%) articles
used MEMS as an assessment of adherence [13–16,23,24,31,32,34,42–44]. Adherence was
calculated as ratio of number of days with MEMS cap opening to number of medications
prescribed as a percent. MEMS adherence over the course of 1 month ranged from 82–95%.
Nonadherence was defined as MEMS adherence <90% or <95% based on an association
with statistically significant increase in relapse when MEMS adherence rates fell below 90
or 95% [13]. All 12 publications assessed adherence to 6MP, with 9 reporting prevalence of
nonadherence. In all except one [34], parents/patients were informed about the purpose
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of the MEMS and were instructed to take all doses of 6MP from the MEMS bottle. The
prevalence of nonadherence for 6MP detected by MEMS was 21–58%. This was similar to
the prevalence defined by low TGN and MMP metabolite cluster (21–41%) or TGN and
MMP <95th percentile (53%).

Several studies sought to evaluate the relationship between MEMS behavioral ad-
herence and pharmacological adherence measures [13,14,44]. Bhatia et al. [13,14] showed
higher MEMS adherence correlating with increased TGN levels after accounting for TPMT
activity and 6MP dose intensity. Rohan et al. [44] demonstrated that pharmacological
nonadherence (defined by low TGN and MMP cluster) was associated with higher preva-
lence of behavioral nonadherence, defined by MEMS adherence <95%—63% compared
to 48% seen in the low TGN and high MMP cluster. Furthermore, Bhatia et al. [15], in a
third publication, showed a correlation between high intra-individual variability in MEMS
adherence (coefficient of variation ≥85th percentile) and nonadherence, which was consis-
tent with Davies et al. [17], demonstrating association of widely fluctuating TGN levels
with nonadherence.

6.2. Tablet Counting

Tablet counting is an economical, objective, indirect measure of adherence which
requires patients/families to return the number of pills prior to next prescription. Investiga-
tors can determine how many pills should be returned based on the month’s prescription
and any dose adjustments made during the month [49]. Like electronic monitoring, it does
not provide information about ingestion of the medication. One study used tablet counting
to evaluate adherence to daily 6MP and weekly MTX [41]. Nonadherence was defined as a
tablet count difference greater than 3% from the prescribed number, implying an adherence
of less than 97%. Prevalence of nonadherence during the baseline 3 months was 72%,
higher than prevalence reported using other objective measures included in our review.
Participants received remediation measures and, in the subsequent 3 months, prevalence
of nonadherence decreased to 22%, but increased to 45% at 2 years. Unlike the studies with
MEMS cap, there have been no studies to correlate pharmacological measures indicating
increased medication exposure with tablet count adherence.

6.3. Prescription Review

Medication refill records can provide an objective, indirect measure of adherence of a
large population of patients. Unlike electronic monitoring or tablet counting, refill records
can minimize potential for patient or parent reactivity to being monitored [49]. However,
refill records alone do not account for dose adjustments or provide information about
medication ingestion. Only one publication used prescription review to assess adherence to
daily 6MP and weekly oral MTX [48]. This study used a national claims database (Medical
Outcomes Research for Effectiveness and Economics Registry) with all inpatient and
outpatient claims and dispensed prescription medication claims. Adherence was measured
as medication possession ratio (MPR), defined as sum number of days of medication
supplied/days in maintenance phase. Median MPR to 6MP was 85%, MTX was 81%. There
was no defined parameter for nonadherence and no prevalence of nonadherence reported.

6.4. Medical Chart Review

Several articles used review of medical charts as a measure of nonadherence, using
records of interruption or irregular dose administration [18,19,25]. This method detected a
nonadherence prevalence of 30–31% for 6MP and 16% for MTX.

7. Subjective Adherence
7.1. Self-Report

Seventeen of 37 (46%) articles used self-reporting (participant survey or interview) as
a subjective measure of adherence. Various methods were used, including structured or
semi-structured interviews or questionnaires of patient and/or parents, specific validated
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questionnaires (Modified Morisky Adherence scale (MMAS) [3-, 4-, 8-item], Medication
Adherence Report Scale, Chronic Disease Compliance Instrument, Visual Analogue Scale
(VAS), Simplified Medication Adherence Questionnaire), and text survey. Self-report
measures asked about missed medication doses in the past 1–2 weeks [39,40] or over the
entire course of maintenance therapy [18,19,25,27,28]. The majority of the interviews and
questionnaires were directed toward parents (n = 10); several included adolescents and
young adults greater than 11 years old (n = 5). Self-reported medication adherence rate
via surveys was between 93–97%. Definition of nonadherence was variable depending
on method of self-reporting, listed in Table 2. Prevalence of nonadherence using these
definitions were widely variable, between 0–73% for daily 6MP and 10–33% for weekly
MTX. There was no consensus definition of nonadherence in self-reporting. Although
each of the validated questionnaires had its own definition of nonadherence based on
specific score cut offs, none of the publications used the same questionnaire, making
comparisons between publications difficult. For example, Alsous et al. [12] used the
Medication Adherence Report Scale (MARS) with score 0–5 (higher scores indicating better
adherence) and a score of 4.5/5 (90%); they found prevalence of nonadherence of 5.8%
based on parental response and 0% based on adolescent response. Even within the same
study population, Heneghan et al. [22] found different rates of nonadherence using 2
different validated questionnaires—Modified Morisky Adherence Score 8-item (MMAS-8)
and the Visual Analogue Scale. MMAS responses showed a prevalence of nonadherence
of 43% based on parental responses and 73% based on adolescent responses, and VAS
responses indicated a prevalence of nonadherence of 10% based on parental response and
12% based on adolescent response.

Survey or interview responses were also variable in their estimates of nonadherence
depending on the definition of nonadherence and period of recall. When nonadherence was
defined based on reports of not taking the medication, the prevalence was consistently low:
4–5% for MTX and 9% for 6MP, similar to the prevalence of 2–9% based on undetectable
intracellular drug metabolite levels of 6MP or MTX. When surveys or interviews asked
about recall of missed doses (at least 2) or non-exact medication administration over the
entirety of maintenance, the prevalence of nonadherence increased, to 12–55% for 6MP and
10% for MTX. When the recall period was shortened to the 1–2 weeks immediately prior,
the prevalence of nonadherence, defined as missing 1 or more doses, was 25% for 6MP and
23% for MTX within 1 week, and 45% for 6MP within 2 weeks.

Four publications included both parent and adolescent responses to surveys. Adoles-
cent responses resulted in 20–30% higher prevalence of nonadherence compared to parent
responses [20,22,39]. Alsous et al. [12], on the other hand, detected a lower prevalence of
nonadherence based on adolescent response compared to parental response (0% and 5.8%
respectively), though both were significantly lower than prevalence reported in the other
2 publications. Heneghan et al. [22] analyzed 7 parent–adolescent dyads included in their
sample and found no significant correlation between parent and adolescent responses on
either self-report measure (VAS or MMAS-8), suggesting parents may not have provided
accurate estimates of adolescent medication adherence.

7.2. Text Messaging

Psihogios et al. [42] performed a pilot study evaluating the use of daily text messages
to assess 6MP adherence in adolescent and young adult patients. They found no significant
correlation between text message response of adherence (97%) with MEMS cap opening
(97%) over a 28-day period. However, the data did converge on a majority (>90%) of days
and the authors concluded that daily text messages could be an acceptable and feasible
method of assessing medication adherence.

7.3. Provider Survey

Three publications included surveys of physicians as a subjective measure of pa-
tients’ medication adherence. Farberman et al. [20] and Mancini et al. [39] showed lower
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prevalence of nonadherence detected by physician survey responses compared to par-
ent/adolescent responses (12–18% and 25–55%, respectively). However, Psihogios et al. [42]
demonstrated similar adherence rates between participant text survey responses and physi-
cian survey responses (97% and 98%, respectively).

8. Comparison of Objective and Subjective Measures

Self-report measures tend to over-estimate adherence and are not very reliable on
their own [49]. Fourteen publications included both an objective and subjective measure
of adherence (Table 2). The majority of these publications demonstrated higher nonad-
herence prevalence (5–40% higher) or lower medication adherence rates (91% vs. 97%)
when using objective measures, compared to self-reported results. The prevalence rates
of nonadherence were similar or lower compared to self-reporting when using the follow-
ing objective adherence assessments: medical chart review [18,19], undetectable serum
6MP level [27], relative decrease in 6MP metabolite level without medication dose ad-
justments [18], and widely fluctuating TGN levels [21]. However, when comparing data
specifically to admitted nonadherence, widely fluctuating TGN yielded a 10% higher preva-
lence of nonadherence [17], while undetectable intracellular MTX metabolites yielded a
similarly low prevalence of nonadherence [45,46]. Hawwa et al. [21] showed a 67% concor-
dance between the MAS self-report questionnaire and 6MP metabolite clusters in detecting
nonadherence. Khalek et al. [27] also showed a correlation between self-report survey
and serum 6MP level. Pai et al. [40] demonstrated that self-reported nonadherence could
predict later 6MP metabolite nonadherent cluster assignments, wherein patients who had
lower self-reported adherence were 3.5 times more likely to be in the low MMP/low TGN
cluster. On the other hand, Kato et al. [26] did not see any relationship between self-report
questionnaires (MAS-4 and CDCI) and 6MP metabolite levels (MMP). Landier et al. [31]
showed that 88% of patients inaccurately reported their 6MP intake (measured via MEMS),
consistent with prior studies [49] demonstrating that self-reported results overestimated
medication adherence. This was particularly prominent in patients in the nonadherent
group (MEMS <95%), who were 9.4 times more likely to over-report 6MP intake compared
to adherent patients (MEMS >95%). Over-reporting, in this case, was defined as 5 or more
days in more than 50% of studied months. Furthermore, they showed that self-report
results had low sensitivity (53%) but high specificity (96%), meaning patients who did not
report nonadherence could go unrecognized but patients who did report were generally
not taking 6MP [31]. This was consistent with what we observed in this review, i.e., a
similar prevalence of nonadherence (both <10%) detected by admitted nonadherence and
undetectable intracellular 6MP or MTX metabolites.

9. Correlates of Nonadherence
9.1. Age

Across various chronic illnesses, including cancer, adolescents and young adults have
been shown to consistently have increased medication nonadherence [50–53]. We sought to
clarify the evidence for this association between age and medication adherence in patients
on oral maintenance therapy for treatment of ALL, specifically including the adolescent
and young adult population, which we defined as 11–39 years old. The majority of pub-
lications had an age limit of either 18 or 21 years old, with a median or mean age of less
than 11 years old (Table 1). There were only 8 publications with median or mean age
greater than 11 years old with a maximum mean of 24.2 years old; five of these included
patients older than 21 years old. Comparing the prevalence of nonadherence between the
publications with mean or median age >11 with the remainder of publications was difficult
due to the various adherence measures and definitions of nonadherence. However, in
general, the reported medication adherence rates appeared lower in the publications with
age >11 years (81–86%) compared to <11 years (>90%). Eleven publications commented
on the relationship between age and medication adherence rate or prevalence of nonad-
herence. The majority of these publications noted increasing age to be associated with



Curr. Oncol. 2023, 30 741

increased nonadherence [13,17,30,39,47,48]. Interestingly, Phillips et al. [41], which used
tablet count as an adherence measure, showed the inverse relationship, e.g., older patients
were noted to be more adherent to oral maintenance medications. Additionally, there
were 3 publications which showed no relationship between age and adherence [12,18,34].
Further characterization of these publications revealed that those that showed increased
prevalence of nonadherence or decrease medication adherence rates generally had larger
sample sizes (n > 300 in 3 of the 5 studies) and specifically evaluated adolescents and young
adults, as a group, compared to younger children. In contrast, studies that showed no
association between age and prevalence of nonadherence or medication adherence rates
were all relatively small studies (n < 80) and did not specifically look at adolescents as
a group.

9.2. Sex

Sex (male or female) was broken down in 29 of the 37 articles included in this review,
with males reported at 35–78%. Several publications examined the relationship between
sex adherence and found no association [12,18,21,23,43].

9.3. Race/Ethnicity

Participants’ ethnicity was reported in 15 of the 37 articles. All were from the USA or
Canada. Most commonly, the groups were non-Hispanic white (n = 15), African Ameri-
can/Black (n = 11), Hispanic (n = 14), and Asian (n = 11). Other reported groups included
non-Hispanic minority (n = 3), Native American (n = 1), and others (n = 1). Multiple
publications demonstrated increased prevalence of nonadherence in Hispanics [13,23,48],
African Americans [14,23,48], and Asians [14,48]. Furthermore, these ethnicities were also
associated with being over-reporters of individual medication adherence [31]. On the
contrary, Rohan et al. [43] and Isaac et al. [24]—both publications having analyzed the same
family problem-solving training participation intervention—demonstrated lack of associ-
ation between Hispanic ethnicity and medication adherence [43] and similar adherence
rates between minority and non-minority participants [24].

9.4. Family Structure and Parental Characteristics

In a 2019 metanalysis, Psihogios et al. [54] found family function to have an effect on
medical adherence across various pediatric chronic health conditions. In our review, specific
to adherence to maintenance oral chemotherapy in ALL, the role of family structure and
parental education on adherence appeared to be more equivocal. Some publications demon-
strated medication nonadherence to be associated with single-mother households [13],
households without mothers as primary care givers [14], single-parent households with
multiple children [23], large family size [27], and parents in unstable partnerships [41]. On
the contrary, other publications showed no relationship between nonadherence and moth-
ers as fulltime caregivers [23], person responsible for administration of medication [18,25],
number of children under caregiver [20], family size [18,19], or family structure [43]. Fur-
thermore, the majority of publications showed a lack of association between nonadherence
to 6MP and MTX with parental education [12,18–20,25,28,43]. However, Khalek et al. [27]
showed that, in Egyptian patients, low parental education was associated with nonadher-
ence. Bhatia at al [14] found that, specifically for African American patients, low maternal
education was associated with nonadherence. Moreover, Landier et al. [31] found that
low parental education was a predictor of medication adherence over-reporters. All these
publications, except Rohan et al. [43], focused primarily on children (mean or median age
<11 years old) rather than adolescent or young adult populations. Lanksy et al. [33] found
that medication adherence was more related to parental psychology than child; therefore,
examining parental characteristics and family structure could be an important component
to understanding factors contributing to adherence in children. However, limited informa-
tion was found on the role of family structure and parental characteristics on adolescent
and young adult patients. Interestingly, the majority of publications showing a relationship
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between aspects of family structure or parental education and medication nonadherence
were conducted in high-income countries (USA/Canada), whereas most of the publications
showing no relationship were from low- or middle-income countries. This suggested that
family structure and parental characteristics could be a more important contributing factor
to nonadherence in high-income countries than in low- or middle-income countries.

9.5. Socioeconomic Status

Data evaluating the relationship between socioeconomic status and adherence were mixed.
Low household income in Asian Americans [14], low socioeconomic status overall [27,39],
undernourishment [18], and lack of financial solvency [20] were associated with increased
nonadherence. However, multiple other publications demonstrated no correlation between
household income or parental occupation and nonadherence [12,18–20,25,28,43]. Interestingly,
enrollment in Children’s Health Insurance Plan (CHIP), a low-cost health coverage available to
children in families who earn too much to qualify for Medicaid, was associated with decreased
adherence, compared to Medicaid or commercial insurance [48]. Whether or not an association
existed between socioeconomic status and adherence did not seem to differ between high
income and middle-income countries with 50% of publications in each group coming from
middle-income countries.

9.6. Therapy Related Factors

The impact of 6MP ingestion timing and method of ingestion was evaluated in sev-
eral publications. Landier et al. [32] demonstrated that the dose intensity-adjusted TGN
levels were comparable between taking 6MP with or without food, with or without dairy,
swallowed whole or crushed, and in the morning or evening, suggesting that the timing of
6MP ingestion and how it as ingested alone did not affect drug absorption. Lau et al. [34]
performed a randomization as part of their study, with a small number of patients com-
paring 6MP ingestion in the morning to the evening, and found no statistically significant
difference in adherence between the two groups. However, other studies demonstrated
increased nonadherence when 6MP was taken near bedtime or not at a consistent time
every day [23,32,39], but improved adherence if taken in the morning or midday [32]. Addi-
tionally, adolescents and young adult patients, specifically, were more likely to miss 6MP on
the weekends (OR2.33) [42]. Despite dairy co-ingestion not affecting TGN levels, there was
a possible increased risk of nonadherence if 6MP was co-ingested with diary [32]. More-
over, increased time between 2 doses of 6MP, increased consecutive 24 h without taking
a dose, and varying TGN levels over time were all associated with increased nonadher-
ence [15,43]. Given the length of maintenance therapy, several studies also noted increased
nonadherence over time [13,25,41,43], though other studies found no correlation [12,34].

9.7. Reasons for Nonadherence

Several publications sought to understand the reasons for nonadherence. Lansky et al. [33]
found that adherence was more related to parental psychology than child, though they only
included children 2–14 years old in their study, with a median age of 7 years old. The most
common reasons given for nonadherence were forgetfulness [19,21,25,27,39], carelessness [21],
child refusal/tantrums [19,27], and low satisfaction with drug formulation and taste [28].
On the other hand, patients who were well informed about the medications and reported
medications as easy to take had increased adherence [28]. Mancini et al. [39] specifically exam-
ined reasons given by adolescents and adults and found forgetfulness and discouragement
in adolescents were associated with nonadherence, and hepatic side effects were associated
with nonadherence in adult patients in the form of complete discontinuation of treatment.
Psihogios et al. [42] found that adolescents and young adults were more likely to miss 6MP if
their adherence motivation or negative affects worsened from their own typical functioning,
whereas the odds of missing 6MP decreased on days on which they were able to better open
communication with their parents. When looking at patient psychiatric characteristics, only
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anxiety in girls correlated with improved adherence; no other psychiatric characteristics in
patients were associated with adherence [33].

10. Survival and Outcomes

Table 2 summarizes survival and health outcomes. The goal of prolonged maintenance
therapy is to prevent relapse and improve survival. Multiple publications established
an association between nonadherence, assessed using several methods, and increased
relapse [13–15,18,23]. Nonadherence to daily 6MP (assessed by MEMS adherence <90%
or 95%) was associated with a 2.7–3.9 fold increased risk of relapse, with adjusted risk
of relapse attributable to nonadherence at 33–58.8% and cumulative incidence of relapse
among non-adherers at 13.9–17%, compared to adherers at 4.7–4.9% over 4–6 years [13–15].
Using highly fluctuating TGN levels as a definition of nonadherence was not predictive of
relapse overall [29]. However, in patients with behavioral adherence (MEMS adherence
>95%), high intra-individual variability in TGN levels was associated with a 4.4-fold
increase in risk of relapse [15]. Hoppmann et al. [23] developed a risk prediction model for
6MP nonadherence using MEMS <90% as definition of nonadherence. Using adherence
status from month 3, they developed a binary risk classifier to classify patients as having
high or low risk of nonadherence (sensitivity 71%, specificity 76%). They found that the risk
of relapse was higher for those at high risk of nonadherence, compared to those at low risk
with HR2.2. Briefly, they demonstrated a cumulative incidence of relapse at 5 years of 11.9%
for those at high risk of nonadherence, compared to 4.5% for those at low risk. Using self-
reporting measures alone, de Olivera et al. [19] showed no difference in 8.5-year event free
survival (EFS) of 72% and prevalence of relapse of 25% between adherent and nonadherent
patients. However, an earlier publication by the same group [18], using both self-report and
6MP metabolite levels, demonstrated an increased prevalence of relapse in nonadherent
patients—33% compared to adherent patients at 17%. Interestingly, Kristjansdottir et al. [29]
and Lennard et al. [37], both studies having used thiopurine metabolites with undetectable
TGN and MMP as definitions of nonadherence, showed no association with relapse [29]
and EFS [37].

11. Interventions

Four studies included in this review attempted interventions to improve medication
adherence [26,41,43,44]. Kato et al. [26] performed a randomized control trial using a
cancer-specific video game intervention vs. a standard video game, to improve medication
adherence, specifically in adolescents and young adults with cancer. Participants were
asked to play video games 1 h a week over a 3-month period. However, adherence to the
intervention itself was only 28%, and attrition rate over the 3-month period was low (17%
in the intervention, 21% in the control group). Although the sample included multiple
malignancies, ALL was the most common diagnosis (n = 150/375). Validated question-
naires administered to participants showed no increase in self-efficacy or knowledge with
the intervention. Objective measures of adherence to 6MP via metabolite levels were
evaluated for the subgroup of patients on these medications. Despite low compliance to
the intervention, there was significantly lower prevalence of nonadherence, as detected by
MMP level.

Phillips et al. [41] used a home-based maintenance program to help improve adherence
to 6-MP and PO MTX. Tablet count was used as the measure of adherence. As part of
this intervention, patients had blood tests near their home/school. Chemotherapy doses
were prescribed by pharmacists or specialist nurses, and doses were confirmed over the
phone. Interestingly, 3 months after the initiation of the intervention, the prevalence of
nonadherence was high, at 72%. Initiation of remediation measures, including educational
reminders of importance of therapy, letters reinforcing message to care takers, and direct
confrontation of patients and parents, improved nonadherence to 22% after 3 months, with
long-term nonadherence after 2 years at 45%. The study had no control group; however,
the rate of nonadherence at 2 years was similar to the rates of nonadherence noted in other
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publications in this review. As such, there may have been no improvement in increasing
adherence. However, 95% of families preferred the new system, as it decreased time away
from home and work, missed school days, and the need for additional childcare.

Rohan et al. [43,44] performed a randomized control trial over 15 months, using family
problem solving training interventions compared to current psychosocial care. The goal of
the study was to test the efficacy of family-centered interventions used to address specific
barriers to medication adherence, to enhance adolescent–parent communication, and to
employ problem-solving strategies using behavioral reinforcement. MEMS cap and 6MP
metabolites were used to measure adherence. The intervention yielded no difference in
either measure of adherence.

Lastly, Bhatia et al. [16] performed a randomized control trial comparing the efficacy of
a multicomponent intervention—text reminder, direct supervision of medication ingestion,
and education—versus education alone on increasing adherence to 6MP. The 16-week
intervention included daily personalized text reminders to parents (and patients 12 or
older) to prompt supervised (by parents) ingestion of 6MP. The intervention and control
groups both received the same educational video program. MEMS cap was used to measure
adherence, with MEMS adherence <95% defining nonadherence. Overall prevalence of
nonadherence did not change with the intervention; however, among patients 12 or older,
the intervention significantly increased mean adherence rates (93% with intervention vs.
90% with control), especially in patients 12 or older who had baseline MEMS adherence
<90% (83.4% with intervention vs. 74.6% with control).

12. Discussion

Nonadherence to oral maintenance chemotherapy is associated with poor outcomes,
including increased risk of relapse in ALL [13–15]. In this systematic review, we identified
37 peer-reviewed publications that met our inclusion criteria. Most were low- to moderate
quality due to methodologic limitations and/or imprecision of results. We found an overall
lack of consensus in methods of assessing adherence and definitions of nonadherence.
This was reflected in the wide range in prevalence of nonadherence to oral maintenance
chemotherapy (0–77%) observed in the pediatric, adolescent, and young adult populations
with ALL. The most prominent correlates of nonadherence were increasing age and minority
race/ethnicity, with the most common reason for nonadherence being forgetfulness.

Our results suggested that MEMS caps offered the most evidence in support of a
definition of nonadherence, i.e., using the MEMS cap adherence of <95% as the cutoff, due
to its association with increased risk of relapse. This was not the case for metabolite or drug
level cut offs, which were widely variable. Other behavioral adherence measures lacked
data to support a specific definition of nonadherence. Unfortunately, the cost of MEMS
caps could be prohibitive for use outside of clinical studies. A single MEMS cap cost USD
$130 in 2015, with additional costs including a MEMS cap reader to download data (USD
$122), software (USD $473), and bottles to ensure fit of the cap (USD $5 per piece) [55].
Additional logistical barriers could include forgetting to use the cap, losing the cap, or
forgetting to bring the bottle and cap to a clinic to download data [55].

Although self-report methods are easy and low-cost, their use is complicated by
substantial variations in phrasing of questions, recall time intervals, format of response
scales, and modes of administration [56]. Similarly, there was significantly variability in
the definition of nonadherence depending on survey or questionnaire type, leading to a
widely variable prevalence of nonadherence (between 0–73%). We found self-reported oral
maintenance chemotherapy adherence was >90% in all studies that reported an adherence
rate, regardless of interval of recall, ranging from daily texts to questionnaires asking about
adherence over the entire course of maintenance. These measures may be further influenced
by social desirability and recall accuracy [57] impacting reporting of medication adherence.
Studies correlating MEMS cap data with self-reporting in adults with hypertension [58]
and HIV [59] demonstrated more precise reporting of behavioral adherence with less over-
reporting in a 30-day period, compared to shorter intervals. This suggested that provider
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documentation of medication adherence at monthly maintenance visits with a validated
scale (such as visual analogue scale) could be a good screening tool to assess for adherence.
Subsequent definitions of nonadherence could be extrapolated from studies of MEMS cap
data, providing the 95% adherence cut off.

While there were many studies evaluating adherence rates or prevalence of nonadher-
ence in our population of interest, there were very few studies of interventions to improve
adherence. These studies did not have uniform methods of assessing adherence or change
in adherence. Growing evidence supports the feasibility and efficacy of technology-based
interventions for supporting behavior change in pediatric oncology [60]. In particular,
Psihogios et al. [42] demonstrated the feasibility and acceptability of daily text messages
as a method of assessing adherence, with convergence on >90% of days with MEMS cap.
Together with the pilot study by Bhatia et al. [16] combining daily text reminders with
directly supervised therapy, these data suggested a role for daily text reminders as both
a tool for measuring and improving adherence to oral maintenance chemotherapy. This
was in line with the results of a systematic review of 15 studies of adolescent patients with
chronic illnesses reported by Badawy et al. [61] which demonstrated that text messaging
and mobile phone app-based interventions had good feasibility and acceptability with
moderate evidence for improving adherence. Thakkar et al. [62] further confirmed this in a
meta-analysis of 16 randomized clinical trials showing that text messages doubled the odds
of medication adherence. However, both authors called for further evaluation of efficacy
over longer duration of time. Similarly, with oral maintenance therapy in ALL, further
investigation into whether parents and/or adolescents may receive the same benefit from
text-based interventions [63] are required, which might lead to stronger habits and higher
adherence to medication [64].

Strengths and Limitations

Our systematic review had several strengths. First, we followed the recommendations
for rigorous systematic review methodology [10,11]. Second, we conducted a compre-
hensive search—without limits on language or published date, guided by a librarian
information specialist—to identify as many relevant studies as possible and included addi-
tional hand search by the authors. Finally, two authors independently reviewed each of the
included articles.

It is important to note some of the limitations of this systematic review as well. First,
although we intended to be comprehensive in our search criteria, it is possible we missed
relevant articles. Second, the included studies were very heterogenous in terms of methods
of measuring adherence, definitions of nonadherence, analysis of multiple oral chemother-
apy agents together versus single specific oral chemotherapy agents, sample size, and age.
All this prohibited a meta-analysis from being performed.

13. Conclusions

Nonadherence to oral maintenance chemotherapy was prevalent and associated with
poor health outcomes. The literature indicated a variety of methods of evaluating adherence
with variable rates of adherence. Further rigorous longitudinal studies will be needed to
determine optimal strategies for monitoring adherence in clinical practice—and to evaluate
potential interventions, thereby promoting medication adherence among children and AYA
with ALL and their parents and associated health outcomes.

Funding: This project was supported by grant (K23HL150232, PI: Badawy) from the National Heart,
Lung, and Blood Institute of the National Institutes of Health. The content is solely the responsibility
of the authors and does not necessarily represent the National Institutes of Health. This project was
also supported by the NUCATS Voucher Program award for student research.

Conflicts of Interest: The authors declare no conflict to interest.



Curr. Oncol. 2023, 30 746

References
1. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7–33. [CrossRef] [PubMed]
2. Jemal, A.; Ward, E.M.; Johnson, C.J.; Cronin, K.A.; Ma, J.; Ryerson, B.; Mariotto, A.; Lake, A.J.; Wilson, R.; Sherman, R.L.; et al.

Annual Report to the Nation on the Status of Cancer, 1975–2014, Featuring Survival. J. Natl. Cancer Inst. 2017, 109, djx030.
[CrossRef] [PubMed]

3. Hunger, S.P.; Lu, X.; Devidas, M.; Camitta, B.M.; Gaynon, P.S.; Winick, N.J.; Reaman, G.H.; Carroll, W.L. Improved survival for
children and adolescents with acute lymphoblastic leukemia between 1990 and 2005: A report from the children’s oncology
group. J. Clin. Oncol. 2012, 30, 1663–1669. [CrossRef] [PubMed]

4. Teachey, D.T.; Hunger, S.P.; Loh, M.L. Optimizing therapy in the modern age: Differences in length of maintenance therapy in
acute lymphoblastic leukemia. Blood 2021, 137, 168–177. [CrossRef]

5. Group, C.A.C. Duration and intensity of maintenance chemotherapy in acute lymphoblastic leukaemia: Overview of 42 trials
involving 12 000 randomised children. Lancet 1996, 347, 1783–1788. [CrossRef]

6. Simchowitz, B.; Shiman, L.; Spencer, J.; Brouillard, D.; Gross, A.; Connor, M.; Weingart, S.N. Perceptions and experiences of
patients receiving oral chemotherapy. Clin. J. Oncol. Nurs. 2010, 14, 447–453. [CrossRef]

7. Ruddy, K.; Mayer, E.; Partridge, A. Patient adherence and persistence with oral anticancer treatment. CA Cancer J. Clin. 2009, 59,
56–66. [CrossRef]

8. Weingart, S.N.; Brown, E.; Bach, P.B.; Eng, K.; Johnson, S.A.; Kuzel, T.M.; Langbaum, T.S.; Leedy, R.D.; Muller, R.J.; Newcomer,
L.N.; et al. NCCN Task Force Report: Oral chemotherapy. J. Natl. Compr. Cancer Netw. 2008, 6 (Suppl. 3), S1–S14. [CrossRef]

9. Osterberg, L.; Blaschke, T. Adherence to medication. N. Engl. J. Med. 2005, 353, 487–497. [CrossRef]
10. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews and meta-analyses:

The PRISMA statement. J. Clin. Epidemiol. 2009, 62, 1006–1012. [CrossRef]
11. Higgins, J.P.; Altman, D.G.; Gotzsche, P.C.; Juni, P.; Moher, D.; Oxman, A.D.; Savovic, J.; Schulz, K.F.; Weeks, L.; Sterne, J.A.; et al.

The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 2011, 343, d5928. [CrossRef] [PubMed]
12. Alsous, M.; Abu Farha, R.; Alefishat, E.; Al Omar, S.; Momani, D.; Gharabli, A.; McElnay, J.; Horne, R.; Rihani, R. Adherence to

6-Mercaptopurine in children and adolescents with Acute Lymphoblastic Leukemia. PLoS ONE 2017, 12, e0183119. [CrossRef]
[PubMed]

13. Bhatia, S.; Landier, W.; Shangguan, M.; Hageman, L.; Schaible, A.N.; Carter, A.R.; Hanby, C.L.; Leisenring, W.; Yasui, Y.; Kornegay,
N.M.; et al. Nonadherence to oral mercaptopurine and risk of relapse in Hispanic and non-Hispanic white children with acute
lymphoblastic leukemia: A report from the children’s oncology group. J. Clin. Oncol. 2012, 30, 2094–2101. [CrossRef] [PubMed]

14. Bhatia, S.; Landier, W.; Hageman, L.; Kim, H.; Chen, Y.; Crews, K.R.; Evans, W.E.; Bostrom, B.; Casillas, J.; Dickens, D.S.; et al.
6MP adherence in a multiracial cohort of children with acute lymphoblastic leukemia: A Children’s Oncology Group study. Blood
2014, 124, 2345–2353. [CrossRef]

15. Bhatia, S.; Landier, W.; Hageman, L.; Chen, Y.; Kim, H.; Sun, C.L.; Kornegay, N.; Evans, W.E.; Angiolillo, A.L.; Bostrom, B.; et al.
Systemic Exposure to Thiopurines and Risk of Relapse in Children With Acute Lymphoblastic Leukemia: A Children’s Oncology
Group Study. JAMA Oncol. 2015, 1, 287–295. [CrossRef]

16. Bhatia, S.; Hageman, L.; Chen, Y.; Wong, F.L.; McQuaid, E.L.; Duncan, C.; Mascarenhas, L.; Freyer, D.; Mba, N.; Aristizabal, P.;
et al. Effect of a Daily Text Messaging and Directly Supervised Therapy Intervention on Oral Mercaptopurine Adherence in
Children With Acute Lymphoblastic Leukemia: A Randomized Clinical Trial. JAMA Netw. Open. 2020, 3, e2014205. [CrossRef]

17. Davies, H.A.; Lennard, L.; Lilleyman, J.S. Variable mercaptopurine metabolism in children with leukaemia: A problem of
non-compliance? BMJ 1993, 306, 1239–1240. [CrossRef]

18. de Oliveira, B.M.; Viana, M.B.; Zani, C.L.; Romanha, A.J. Clinical and laboratory evaluation of compliance in acute lymphoblastic
leukaemia. Arch. Dis. Child. 2004, 89, 785–788. [CrossRef]

19. de Oliveira, B.M.; Viana, M.B.; de Mattos Arruda, L.; Ybarra, M.I.; Romanha, A.J. Evaluation of compliance through specific
interviews: A prospective study of 73 children with acute lymphoblastic leukemia. J. Pediatr. (Rio J.) 2005, 81, 245–250. [CrossRef]

20. Farberman, D.; Valente, P.; Malpiedi, L.; Morosi, M.; Luisella, L.; Colaboradores. Adherence to oral antineoplastic agents in
pediatric oncology. A multicenter study. Arch. Argent Pediatr. 2021, 119, 44–50. [CrossRef]

21. Hawwa, A.F.; Millership, J.S.; Collier, P.S.; McCarthy, A.; Dempsey, S.; Cairns, C.; McElnay, J.C. The development of an objective
methodology to measure medication adherence to oral thiopurines in paediatric patients with acute lymphoblastic leukaemia—An
exploratory study. Eur. J. Clin. Pharmacol. 2009, 65, 1105–1112. [CrossRef] [PubMed]

22. Heneghan, M.B.; Hussain, T.; Barrera, L.; Cai, S.W.; Haugen, M.; Duff, A.; Shoop, J.; Morgan, E.; Rossoff, J.; Weinstein, J.; et al.
Applying the COM-B model to patient-reported barriers to medication adherence in pediatric acute lymphoblastic leukemia.
Pediatr. Blood Cancer 2020, 67, e28216. [CrossRef] [PubMed]

23. Hoppmann, A.L.; Chen, Y.; Landier, W.; Hageman, L.; Evans, W.E.; Wong, F.L.; Relling, M.V.; Bhatia, S. Individual prediction of
nonadherence to oral mercaptopurine in children with acute lymphoblastic leukemia: Results from COG AALL03N1. Cancer
2021, 127, 3832–3839. [CrossRef] [PubMed]

24. Isaac, E.I.; Sivagnanalingam, U.; Meisman, A.R.; Wetherington Donewar, C.; Ewing, L.J.; Katz, E.R.; Muriel, A.C.; Rohan, J.M.
Longitudinal Patterns of Social Problem-Solving Skills in an Ethnically Diverse Sample of Pediatric Patients with Cancer and
their Caregivers. Int. J. Environ. Res. Public Health 2020, 17, 1581. [CrossRef]

http://doi.org/10.3322/caac.21654
http://www.ncbi.nlm.nih.gov/pubmed/33433946
http://doi.org/10.1093/jnci/djx030
http://www.ncbi.nlm.nih.gov/pubmed/28376154
http://doi.org/10.1200/JCO.2011.37.8018
http://www.ncbi.nlm.nih.gov/pubmed/22412151
http://doi.org/10.1182/blood.2020007702
http://doi.org/10.1016/s0140-6736(96)91615-3
http://doi.org/10.1188/10.CJON.447-453
http://doi.org/10.3322/caac.20004
http://doi.org/10.6004/jnccn.2008.2003
http://doi.org/10.1056/NEJMra050100
http://doi.org/10.1016/j.jclinepi.2009.06.005
http://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
http://doi.org/10.1371/journal.pone.0183119
http://www.ncbi.nlm.nih.gov/pubmed/28877179
http://doi.org/10.1200/JCO.2011.38.9924
http://www.ncbi.nlm.nih.gov/pubmed/22564992
http://doi.org/10.1182/blood-2014-01-552166
http://doi.org/10.1001/jamaoncol.2015.0245
http://doi.org/10.1001/jamanetworkopen.2020.14205
http://doi.org/10.1136/bmj.306.6887.1239
http://doi.org/10.1136/adc.2003.030775
http://doi.org/10.2223/1346
http://doi.org/10.5546/aap.2021.eng.44
http://doi.org/10.1007/s00228-009-0700-1
http://www.ncbi.nlm.nih.gov/pubmed/19636546
http://doi.org/10.1002/pbc.28216
http://www.ncbi.nlm.nih.gov/pubmed/32068338
http://doi.org/10.1002/cncr.33760
http://www.ncbi.nlm.nih.gov/pubmed/34161608
http://doi.org/10.3390/ijerph17051581


Curr. Oncol. 2023, 30 747

25. Jaime-Pérez, J.C.; Gómez-Almaguer, D.; Sandoval-González, A.; Chapa-Rodríguez, A.; Gonzàlez-Llano, O. Random serum
methotrexate determinations for assessing compliance with maintenance therapy for childhood acute lymphoblastic leukemia.
Leuk Lymphoma 2009, 50, 1843–1847. [CrossRef]

26. Kato, P.M.; Cole, S.W.; Bradlyn, A.S.; Pollock, B.H. A video game improves behavioral outcomes in adolescents and young adults
with cancer: A randomized trial. Pediatrics 2008, 122, e305–e317. [CrossRef]

27. Khalek, E.R.; Sherif, L.M.; Kamal, N.M.; Gharib, A.F.; Shawky, H.M. Acute lymphoblastic leukemia: Are Egyptian children
adherent to maintenance therapy? J. Cancer Res. Ther. 2015, 11, 54–58. [CrossRef]

28. Kremeike, K.; Juergens, C.; Alz, H.; Reinhardt, D. Patients’ Adherence in the Maintenance Therapy of Children and Adolescents
with Acute Lymphoblastic Leukemia. Klin. Padiatr. 2015, 227, 329–334. [CrossRef]

29. Kristjansdottir, E.R.; Toksvang, L.N.; Schmiegelow, K.; Rank, C.U. Prevalence of non-adherence and non-compliance during
maintenance therapy in adults with acute lymphoblastic leukemia and their associations with survival. Eur. J. Haematol. 2021,
108, 109–117. [CrossRef]

30. Lancaster, D.; Lennard, L.; Lilleyman, J.S. Profile of non-compliance in lymphoblastic leukaemia. Arch. Dis. Child 1997, 76,
365–366. [CrossRef]

31. Landier, W.; Chen, Y.; Hageman, L.; Kim, H.; Bostrom, B.C.; Casillas, J.N.; Dickens, D.S.; Evans, W.E.; Maloney, K.W.; Mascarenhas,
L.; et al. Comparison of self-report and electronic monitoring of 6MP intake in childhood ALL: A Children’s Oncology Group
study. Blood 2017, 129, 1919–1926. [CrossRef] [PubMed]

32. Landier, W.; Hageman, L.; Chen, Y.; Kornegay, N.; Evans, W.E.; Bostrom, B.C.; Casillas, J.; Dickens, D.S.; Angiolillo, A.L.; Lew,
G.; et al. Mercaptopurine Ingestion Habits, Red Cell Thioguanine Nucleotide Levels, and Relapse Risk in Children With Acute
Lymphoblastic Leukemia: A Report From the Children’s Oncology Group Study AALL03N1. J. Clin. Oncol. 2017, 35, 1730–1736.
[CrossRef] [PubMed]

33. Lansky, S.B.; Smith, S.D.; Cairns, N.U.; Cairns, G.F., Jr. Psychological correlates of compliance. Am. J. Pediatr. Hematol. Oncol. 1983,
5, 87–92. [PubMed]

34. Lau, R.C.; Matsui, D.; Greenberg, M.; Koren, G. Electronic measurement of compliance with mercaptopurine in pediatric patients
with acute lymphoblastic leukemia. Med. Pediatr. Oncol. 1998, 30, 85–90. [CrossRef]

35. Lennard, L.; Welch, J.; Lilleyman, J.S. Intracellular metabolites of mercaptopurine in children with lymphoblastic leukaemia: A
possible indicator of non-compliance? Br. J. Cancer 1995, 72, 1004–1006. [CrossRef]

36. Lennard, L.; Cartwright, C.S.; Wade, R.; Richards, S.M.; Vora, A. Thiopurine methyltransferase genotype-phenotype discordance
and thiopurine active metabolite formation in childhood acute lymphoblastic leukaemia. Br. J. Clin. Pharmacol. 2013, 76, 125–136.
[CrossRef]

37. Lennard, L.; Cartwright, C.S.; Wade, R.; Vora, A. Thiopurine dose intensity and treatment outcome in childhood lymphoblastic
leukaemia: The influence of thiopurine methyltransferase pharmacogenetics. Br. J. Haematol. 2015, 169, 228–240. [CrossRef]

38. Macdougall, L.G.; McElligott, S.E.; Ross, E.; Greeff, M.C.; Poole, J.E. Pattern of 6-mercaptopurine urinary excretion in children
with acute lymphoblastic leukemia: Urinary assays as a measure of drug compliance. Ther. Drug Monit. 1992, 14, 371–375.
[CrossRef]

39. Mancini, J.; Simeoni, M.C.; Parola, N.; Clement, A.; Vey, N.; Sirvent, N.; Michel, G.; Auquier, P. Adherence to leukemia maintenance
therapy: A comparative study among children, adolescents, and adults. Pediatr. Hematol. Oncol. 2012, 29, 428–439. [CrossRef]

40. Pai, A.L.; Drotar, D.; Kodish, E. Correspondence between objective and subjective reports of adherence among adolescents with
acute lymphoblastic leukemia. Children’s Health Care 2008, 37, 225–235. [CrossRef]

41. Phillips, B.; Richards, M.; Boys, R.; Hodgkin, M.; Kinsey, S. A home-based maintenance therapy program for acute lymphoblastic
leukemia-practical and safe? J. Pediatr. Hematol. Oncol. 2011, 33, 433–436. [CrossRef] [PubMed]

42. Psihogios, A.M.; Li, Y.; Ahmed, A.; Huang, J.; Kersun, L.S.; Schwartz, L.A.; Barakat, L.P. Daily text message assessments of
6-mercaptopurine adherence and its proximal contexts in adolescents and young adults with leukemia: A pilot study. Pediatr.
Blood Cancer 2021, 68, e28767. [CrossRef] [PubMed]

43. Rohan, J.M.; Drotar, D.; Alderfer, M.; Donewar, C.W.; Ewing, L.; Katz, E.R.; Muriel, A. Electronic monitoring of medication
adherence in early maintenance phase treatment for pediatric leukemia and lymphoma: Identifying patterns of nonadherence.
J. Pediatr. Psychol. 2015, 40, 75–84. [CrossRef] [PubMed]

44. Rohan, J.M.; Fukuda, T.; Alderfer, M.A.; Wetherington Donewar, C.; Ewing, L.; Katz, E.R.; Muriel, A.C.; Vinks, A.A.; Drotar,
D. Measuring Medication Adherence in Pediatric Cancer: An Approach to Validation. J. Pediatr. Psychol. 2017, 42, 232–244.
[CrossRef] [PubMed]

45. Schroder, H.; Clausen, N.; Ostergaard, E.; Pressler, T. Pharmacokinetics of erythrocyte methotrexate in children with acute
lymphoblastic leukemia during maintenance treatment. Cancer Chemother. Pharmacol. 1986, 16, 190–193. [CrossRef]

46. Schroder, H. Methotrexate in neutrophils in children with acute lymphoblastic leukemia. Cancer Chemother. Pharmacol. 1987, 19,
339–342. [CrossRef]

47. Smith, S.D.; Rosen, D.; Trueworthy, R.C.; Lowman, J.T. A reliable method for evaluating drug compliance in children with cancer.
Cancer 1979, 43, 169–173. [CrossRef]

48. Wu, Y.P.; Stenehjem, D.D.; Linder, L.A.; Yu, B.; Parsons, B.G.; Mooney, R.; Fluchel, M.N. Adherence to Oral Medications During
Maintenance Therapy Among Children and Adolescents With Acute Lymphoblastic Leukemia: A Medication Refill Analysis.
J. Pediatr. Oncol. Nurs. 2018, 35, 86–93. [CrossRef]

http://doi.org/10.3109/10428190903216812
http://doi.org/10.1542/peds.2007-3134
http://doi.org/10.4103/0973-1482.147698
http://doi.org/10.1055/s-0035-1559788
http://doi.org/10.1111/ejh.13711
http://doi.org/10.1136/adc.76.4.365
http://doi.org/10.1182/blood-2016-07-726893
http://www.ncbi.nlm.nih.gov/pubmed/28153823
http://doi.org/10.1200/JCO.2016.71.7579
http://www.ncbi.nlm.nih.gov/pubmed/28339328
http://www.ncbi.nlm.nih.gov/pubmed/6574716
http://doi.org/10.1002/(SICI)1096-911X(199802)30:2&lt;85::AID-MPO3&gt;3.0.CO;2-W
http://doi.org/10.1038/bjc.1995.450
http://doi.org/10.1111/bcp.12066
http://doi.org/10.1111/bjh.13240
http://doi.org/10.1097/00007691-199210000-00005
http://doi.org/10.3109/08880018.2012.693150
http://doi.org/10.1080/02739610802151597
http://doi.org/10.1097/MPH.0b013e31820d882b
http://www.ncbi.nlm.nih.gov/pubmed/21646916
http://doi.org/10.1002/pbc.28767
http://www.ncbi.nlm.nih.gov/pubmed/33073479
http://doi.org/10.1093/jpepsy/jst093
http://www.ncbi.nlm.nih.gov/pubmed/24365698
http://doi.org/10.1093/jpepsy/jsw039
http://www.ncbi.nlm.nih.gov/pubmed/27189694
http://doi.org/10.1007/BF00256175
http://doi.org/10.1007/BF00261485
http://doi.org/10.1002/1097-0142(197901)43:1&lt;169::AID-CNCR2820430125&gt;3.0.CO;2-F
http://doi.org/10.1177/1043454217741877


Curr. Oncol. 2023, 30 748

49. Lam, W.Y.; Fresco, P. Medication Adherence Measures: An Overview. Biomed Res. Int. 2015, 2015, 217047. [CrossRef]
50. Butow, P.; Palmer, S.; Pai, A.; Goodenough, B.; Luckett, T.; King, M. Review of adherence-related issues in adolescents and young

adults with cancer. .J Clin. Oncol. 2010, 28, 4800–4809. [CrossRef]
51. Taddeo, D.; Egedy, M.; Frappier, J.Y. Adherence to treatment in adolescents. Paediatr. Child Health 2008, 13, 19–24. [CrossRef]

[PubMed]
52. Tebbi, C.K. Treatment compliance in childhood and adolescence. Cancer 1993, 71, 3441–3449. [CrossRef] [PubMed]
53. Tebbi, C.K.; Cummings, K.M.; Zevon, M.A.; Smith, L.; Richards, M.; Mallon, J. Compliance of pediatric and adolescent cancer

patients. Cancer 1986, 58, 1179–1184. [CrossRef] [PubMed]
54. Psihogios, A.M.; Fellmeth, H.; Schwartz, L.A.; Barakat, L.P. Family Functioning and Medical Adherence Across Children and

Adolescents With Chronic Health Conditions: A Meta-Analysis. J. Pediatr. Psychol. 2019, 44, 84–97. [CrossRef]
55. Levin, J.B.; Sams, J.; Tatsuoka, C.; Cassidy, K.A.; Sajatovic, M. Use of automated medication adherence monitoring in bipolar

disorder research: Pitfalls, pragmatics, and possibilities. Ther. Adv. Psychopharmacol. 2015, 5, 76–87. [CrossRef]
56. Garfield, S.; Clifford, S.; Eliasson, L.; Barber, N.; Willson, A. Suitability of measures of self-reported medication adherence for

routine clinical use: A systematic review. BMC Med. Res. Methodol. 2011, 11, 149. [CrossRef]
57. Stirratt, M.J.; Dunbar-Jacob, J.; Crane, H.M.; Simoni, J.M.; Czajkowski, S.; Hilliard, M.E.; Aikens, J.E.; Hunter, C.M.; Velligan, D.I.;

Huntley, K.; et al. Self-report measures of medication adherence behavior: Recommendations on optimal use. Transl. Behav. Med.
2015, 5, 470–482. [CrossRef]

58. Doro, P.; Benko, R.; Czako, A.; Matuz, M.; Thurzo, F.; Soos, G. Optimal recall period in assessing the adherence to antihypertensive
therapy: A pilot study. Int. J. Clin. Pharm. 2011, 33, 690–695. [CrossRef]

59. Lu, M.; Safren, S.A.; Skolnik, P.R.; Rogers, W.H.; Coady, W.; Hardy, H.; Wilson, I.B. Optimal recall period and response task for
self-reported HIV medication adherence. AIDS Behav. 2008, 12, 86–94. [CrossRef]

60. Ramsey, W.A.; Heidelberg, R.E.; Gilbert, A.M.; Heneghan, M.B.; Badawy, S.M.; Alberts, N.M. eHealth and mHealth interventions
in pediatric cancer: A systematic review of interventions across the cancer continuum. Psychooncology 2020, 29, 17–37. [CrossRef]

61. Badawy, S.M.; Barrera, L.; Sinno, M.G.; Kaviany, S.; O’Dwyer, L.C.; Kuhns, L.M. Text Messaging and Mobile Phone Apps as
Interventions to Improve Adherence in Adolescents With Chronic Health Conditions: A Systematic Review. JMIR Mhealth Uhealth
2017, 5, e66. [CrossRef] [PubMed]

62. Thakkar, J.; Kurup, R.; Laba, T.L.; Santo, K.; Thiagalingam, A.; Rodgers, A.; Woodward, M.; Redfern, J.; Chow, C.K. Mobile
Telephone Text Messaging for Medication Adherence in Chronic Disease: A Meta-analysis. JAMA Intern. Med. 2016, 176, 340–349.
[CrossRef] [PubMed]

63. Heneghan, M.B.; Hussain, T.; Barrera, L.; Cai, S.W.; Haugen, M.; Morgan, E.; Rossoff, J.; Weinstein, J.; Hijiya, N.; Cella, D.;
et al. Access to Technology and Preferences for an mHealth Intervention to Promote Medication Adherence in Pediatric Acute
Lymphoblastic Leukemia: Approach Leveraging Behavior Change Techniques. J. Med. Internet. Res. 2021, 23, e24893. [CrossRef]
[PubMed]

64. Badawy, S.M.; Shah, R.; Beg, U.; Heneghan, M.B. Habit Strength, Medication Adherence, and Habit-Based Mobile Health
Interventions Across Chronic Medical Conditions: Systematic Review. J. Med. Internet. Res. 2020, 22, e17883. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1155/2015/217047
http://doi.org/10.1200/JCO.2009.22.2802
http://doi.org/10.1093/pch/13.1.19
http://www.ncbi.nlm.nih.gov/pubmed/19119348
http://doi.org/10.1002/1097-0142(19930515)71:10+&lt;3441::AID-CNCR2820711751&gt;3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/pubmed/8490895
http://doi.org/10.1002/1097-0142(19860901)58:5&lt;1179::AID-CNCR2820580534&gt;3.0.CO;2-E
http://www.ncbi.nlm.nih.gov/pubmed/3731045
http://doi.org/10.1093/jpepsy/jsy044
http://doi.org/10.1177/2045125314566807
http://doi.org/10.1186/1471-2288-11-149
http://doi.org/10.1007/s13142-015-0315-2
http://doi.org/10.1007/s11096-011-9529-7
http://doi.org/10.1007/s10461-007-9261-4
http://doi.org/10.1002/pon.5280
http://doi.org/10.2196/mhealth.7798
http://www.ncbi.nlm.nih.gov/pubmed/28506955
http://doi.org/10.1001/jamainternmed.2015.7667
http://www.ncbi.nlm.nih.gov/pubmed/26831740
http://doi.org/10.2196/24893
http://www.ncbi.nlm.nih.gov/pubmed/33599621
http://doi.org/10.2196/17883
http://www.ncbi.nlm.nih.gov/pubmed/32343250

	Introduction 
	Methods 
	Article Retrieval 
	Article Selection 
	Data Extraction and Synthesis 

	Results 
	Literature Search 
	Study Characteristics 

	Assessment of Adherence and Prevalence of Nonadherence 
	Pharmacologic Adherence 
	Thiopurines (6-mercaptopurine) 
	Methotrexate 
	Steroids 

	Behavioral Adherence 
	Medication Event Monitoring System (MEMS) 
	Tablet Counting 
	Prescription Review 
	Medical Chart Review 

	Subjective Adherence 
	Self-Report 
	Text Messaging 
	Provider Survey 

	Comparison of Objective and Subjective Measures 
	Correlates of Nonadherence 
	Age 
	Sex 
	Race/Ethnicity 
	Family Structure and Parental Characteristics 
	Socioeconomic Status 
	Therapy Related Factors 
	Reasons for Nonadherence 

	Survival and Outcomes 
	Interventions 
	Discussion 
	Conclusions 
	References

