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Abstract

Background—Non-adherence and medication error both limit the effectiveness of oral 

chemotherapy. The overlap between non-adherence and medication error is not well studied in 

children, and interventions strategies differ for each. Our objective was to describe non-adherence 

and errors in children with cancer to inform future interventions.

Methods—Non-adherence was measured using two self-report tools. Medication error was 

measured using medication review and observation of administration at home. Two clinicians 

made judgments about whether each error also represented an episode of non-adherence.

Results—Of 72 errors detected in 92 home visits, 27 were also instances of non-adherence. For 

example, parents gave a child 1 tablet of mercaptopurine every day rather than the prescribed 1 

tablet 5 days a week and ½ tablet on weekends. Clinician reviewers judged that family 

interventions and health system interventions would be most effective in preventing the errors and 

non-adherence identified in this population of children with cancer.

Discussion—The relationship between medication errors and non-adherence is not well 

described in the literature. Our data indicate that medication error and non-adherence co-exist in 

the same population and in the same patient. Interventions should address both to most effectively 

support self-management.
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Background

Over twenty five million doses of oral chemotherapy are taken annually in the United States, 

and the development of new oral chemotherapeutic agents is accelerating.1, 2 With the move 

to oral chemotherapy, cancer care is shifting from the inpatient setting, in the hands of 

doctors and nurses, to the home setting. Therefore, patients and their families increasingly 

bear the responsibility of using the right dose of the right medication at the right time. While 

the advent of oral chemotherapies has reduced the disruption treatment causes for patients 

and families, this shift places the significant burden of medication management squarely on 

the family. Notably, a recent National Comprehensive Cancer Network Task Force Report 

cited medication errors and non-adherence as emerging problems with oral chemotherapy 

use.1

While there is a body of literature about non-adherence to medications at home, less is 

known about errors at home.3 Medication non-adherence is “the extent to which a person’s 

behavior in taking medications coincides with medical or health advice”.4 For example, 

patients can simple forget to take a dose of their medication, or they may take it outside of 

the prescribed time frame. Non-adherence to oral chemotherapy is common in children with 

cancer; one in four children with leukemia take less than 75% of their mercaptopurine 

doses.5 A medication error is “any preventable event that may cause or lead to inappropriate 

medication use or patient harm while the medication is in the control of the health care 

professional, patient or consumer”.6 For example, patients may misunderstand instructions 

and fail to increase the dose of chemotherapy, or measure the wrong amount of liquid 

medications, or take medications for the wrong frequency or duration. Although there is less 

evidence, errors in oral chemotherapy use also appear to be common and dangerous.2, 7 Four 

percent of outpatient children with cancer experience an injury due to a medication error and 

an additional 30% have a dangerous error.8 The concepts of medication error in the 

ambulatory setting and non-adherence overlap.9

The relationship between error and non-adherence has not been well described in patients 

with cancer; there have been a few studies in other populations. In a survey of adults taking 

antiretrovirals for HIV, 25% reported non-adherence and 54% reported error; poor adherence 

and error were both associated with higher viral load.10 In a survey of adults on warfarin, 

29% reported non-adherence and 50% reported error. Non-adherent patients were 

significantly more likely to have low International Normalized Ratios (INRs). Patients with 

good adherence who had errors were significantly more likely to have either low or high 

INRs, depending on the type of error.11 In diabetic patients, 7% of hospital admissions were 

related to overuse, underuse, or inappropriate use of a medication. More than half of these 

(64%) were medication errors with unintentional overdoses causing hypoglycemia.12 In 

order to understand whether human error theory could explain nonadherence, Barber et. al. 
telephoned 87 patients aged 75 years and older and identified 42 who were non-adherent, 

including 11 who were intentionally non-adherent.13 The remaining 31 reported slips and 

lapses, rule violations, and mistakes (wrong plans), consistent with Reason’s classification 

of errors: both active (unsafe acts/omissions with immediate adverse consequences) and 

latent (fallible decisions or the conditions in which errors occur).14
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Children are at high risk for medication errors due to several factors including weight-based 

dosing,15 the use of liquid medications,16, 17 the need to cut or crush tablets,7 and the 

administration of medications by a parent or other caregiver who may be under increased 

stress due to the chronic illness of the child.16 Given the complexity of oral chemotherapy 

use, some non-adherence is likely unintentional and due to error.1 Language or health 

literacy problems have been shown to increase risk for both errors and non-adherence.18 

These parameters are poorly understood and how they interact has not been systematically 

studied. Thus, the potential for interventions to reduce errors and non-adherence cannot be 

fully appreciated.

Very different approaches may reduce the risk of unintended error or intended non-

adherence. Interventions to improve adherence generally focus on patient education and 

behavior. Interventions to prevent errors reduce the complexity of the human-healthcare 

system interaction, for example by streamlining bottle labels and storage.19 Used together, 

multifaceted interventions involving the entire system within which both errors and non-

adherence occur may be very powerful, especially in highly complex regimens like leukemia 

treatment. In a first step toward such an approach, our objective for this paper was to 

describe the overlap of medication nonadherence and errors in children with cancer.

Methods

We performed an analysis of data on nonadherence and medication error collected during 92 

home visits to children with cancer.7

Study subjects and sites

We analyzed home visits to children with cancer taking daily medications at home from 

three sites in Massachusetts and Georgia. Recruitment and home visits are described in 

detail elsewhere.3 Briefly, children under the age of 21 on daily home medications for the 

treatment of cancer and their families were recruited from pediatric clinics at three academic 

health centers.

Detection of medication errors

A trained research nurse visited children at home, reviewed medications, and directly 

observed medication administration for errors, using a previously validated method.3, 7 The 

nurse recorded detailed information about each potential error, following established 

methods.20, 21 Two physicians, including one pediatric oncologist, reviewed and coded each 

event as an error or not and for those events coded as errors the severity of the error. 

Reliability between coders was near perfect for errors (Kappa = 0.94) and good for severity 

(Kappa = 0.71) respectively.13

Detection of non-adherence

We used two self-report measures of adherence: a 4-item medication adherence scale and a 

question during review of each medication which was not an “as needed” (prn) medication 

about adherence in the last seven days. The 4-item medication adherence scale asked about 

missed doses and altering the dose of medications (Cronbach’s alpha 0.78).22 Each item had 
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a 5-point Likert scale response, such that 20 was a score indicating perfect adherence. In 

addition, for each medication reviewed (excluding as needed or prn medications), we asked 

parents “How many times in the last 7 days did you miss a dose of this medication?”. 

Adolescent patients responsible for administering their own medication reported their 

adherence; for the remaining participants, parents answered the questions.

Analysis

Two pediatric clinicians, one expert in medication errors (KW) and another in medication 

adherence (AP), read each of the original error descriptions and made independent 

judgments about whether it was also non-adherence. Disagreements between reviewers were 

resolved through discussion and consensus. Agreement between reviewers was good (74%). 

The two clinicians also judged whether the event could be avoided by individual, family, 

community, or health system interventions.

Results

Rates of non-adherence

Using the medication adherence scale, 16 (17%) of the 92 parents reported non-adherence: 

12 strongly agreed or agreed that they sometimes forget the child’s medications and two 

additional parents agreed that they sometimes altering the dose of the child’s medications. 

(Table 1) Seventy seven of the 92 parents were asked, for each medication, how many doses 

were missed in the last seven days; we did not ask this question in the initial fifteen home 

visits. Ten parents (13%) reported non-adherence in the seven days before the home visit. 

These same 77 families had 32 medication errors identified during home visits, including 

five which were related to poor adherence. (Figure 1)

Errors which are also non-adherence

Among all 92 children with cancer we visited, we identified 27 errors of the 72 total number 

of errors) which clinician reviewers judged were also non-adherence. An example of an error 

which was also considered non-adherence is a child who was supposed to take 

mercaptopurine 1 tablet Monday to Saturday and ½ tablet Sunday. The parent did not 

understand this and gave the child 1 tablet every day. In another example an adolescent 

reports that she sometimes falls asleep before taking her evening medications, including 

mercaptopurine; her parents work nights. An example of an error that was not considered to 

be non-adherence was a methotrexate bottle label which instructs to give methotrexate once 

daily rather than once a week. Of those errors which were also non-adherence, clinicians 

reviewers judged that 15 (56%) could be prevented by interventions focusing on the 

individual patient, all (100%) by family interventions, 3 (11%) by community interventions, 

and 20 (74%) by health system interventions. (Table 2)

DISCUSSION

Our data indicate that errors and non-adherence can coexist in the same population, in the 

same clinical setting, and in the same patient. While errors and non-adherence did overlap in 

our data, some errors were not cases of non-adherence and some non-adherence were not an 
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error. This indicates that interventions to improve oral chemotherapy use should target both 

in order to deal with all problems that occur. While the individual, family, community, and 

health system are all key facets for effective self-management, our clinician reviewers 

judged that family and health services interventions are most likely to reduce errors and non-

adherence in children with cancer.

Literature in adult patients indicates that error and non-adherence can have independent and 

different impacts on clinical outcomes, and that the interaction between error and non-

adherence can change clinical outcomes. Many of the studies we found in adult patients 

combined errors and non-adherence together as “drug-related problems”; this approach 

makes it difficult to identify different causes, effects, and interventions for each.12, 23, 24 

However, the interaction between error and non-adherence in individual patients can change 

the type of adverse outcomes seen. For example, adult patients on warfarin experienced 

under coagulation with non-adherence but over-coagulation or under-coagulation with 

adherence and error.11 It is important to consider the clinical impact of these complex 

relationships in developing and testing interventions. It seems likely that non-adherence and 

error may similarly overlap in adult cancer patients; studies indicate that nonadherence to 

oral chemotherapy is similarly problematic in adults.25, 26 We found no studies examining 

both nonadherence and error in adult oncology patients.

We are aware of only two pediatric papers which examined non-adherence and medication 

error. Bokhour interviewed 37 parents of children with asthma and 12 reported 

“nonconcordance” with provider recommended controller medication regimens.27 Parents 

described three types of nonconcordance: unintentional, where the parent thought (s)he was 

correctly following the medication instructions but was not; unplanned, where the parent 

planned to follow the medication instructions but was not able to; and intentional, whether 

the parent did not plan to follow the medication instructions. In the second pediatric study, 

Freedman described adherence and the proportion of doses taken on schedule in children 

with glaucoma. Parents reported giving 43–107% of doses and a median of 47% of doses 

were taken on schedule.28 Both missed doses and doses not taken on schedule were 

significantly associated with low health literacy.

We are aware of no previous studies that examine both medication error and non-adherence 

in cancer patients. While some information from studies of adults may be applicable to 

children, pediatric medication use is more complex than adults. Pediatric home cancer care 

is highly complex: chemotherapy doses change from day to day, regimens change frequently 

in response to clinical change, children take a median of 10 different medications, and can 

take up 20 pills of a single medication type.7 Non-adherence to chemotherapy in children is 

associated with significant increases in risk of relapse.5

Because some patients experience error, others experience non-adherence, and some 

experience both, interventions which only target one will likely be suboptimal. Similarly, 

pediatric oncologists seeking to understand how oral chemotherapy is used at home should 

ask about missed doses, accidental overdoses, and exactly what dose is being administered at 

home. In a system as highly complex as oral chemotherapy use prevention of both non-

adherence and error is essential.
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Our data indicate that interventions targeting family and health system factors may be 

effective as many of errors identified are related to these factors. It may be informative to 

adapt some of the interventions employed in hospitals to prevent error to the home setting 

using a human factors approach, such as reduction in complexity or safer storage of 

medications.29, 30 Human factors research examines all factors that can influence human 

behavior and their interaction with external systems in order to optimize that interaction 

and/or improve health and safety.31 The use of human factors approaches can provide an 

understanding of the dynamics and behaviors involved in family/health services interactions. 

While this approach has been utilized in the healthcare setting, particularly in inpatient 

areas, extending this approach to home medication use is needed.32

While our study is one of the first to investigate non-adherence and error together, some 

limitations should be considered when interpreting the results. First, measures of non-

adherence were limited to self-report. While self-report measures correlate with more 

objective measures of non-adherence (i.e., electronic monitoring), they do underestimate the 

problem.33 Second, we were unable, in our home visit study, to evaluate the impact of non-

adherence and error on the effectiveness of the child’s cancer treatment. A previous study 

indicates that non-adherence is associated with increased risk of relapse.5 Finally, due to the 

home visit nature of the study, despite the fact that our study occurred at three different 

academic health centers in two states, our sample size was relatively small; a larger study is 

needed to adequately understand these relationships and inform intervention development.

CONCLUSION

Our data indicate that non-adherence and error coexist in children with cancer. There are few 

studies which consider error and non-adherence together, including only two in children and 

none in oncology. Clinicians and researchers wishing to improve oral chemotherapy use in 

children should address both error and non-adherence. A comprehensive approach that 

includes adherence and medication errors in measurement and interventions designed with 

an understanding of family-to-family and family-to-health system interactions may be both 

powerful and clinically valid.
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Figure 1. 
Medication errors detected during home visits and parent reported non-adherence in the last 

seven days among 77 children with cancer who answered questions about missed doses for 

each medication in the last 7 days.
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Table 1

Rates of non-adherence and error among patients with cancer

N
respondents

N Example

Self-report nonadherence 92 16 Strongly agree or agree sometimes forget
medicine

Reported missed dose in last 7 days
for any medicine

77 10 Missed both morning trimethoprim-
sulfamethoxazole doses over the weekend

Medication error 92 72 Methotrexate bottle labeled take daily rather
than once a week

Medication error and also an error 92 27 A child who was supposed to take
mercaptopurine 1 tablet Monday to Friday
and ½ tablet Saturday and Sunday.
The parent did not understand this and gave the
child 1 tablet every day.
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Table 2

Interventions which reviewers judged would prevent non-adherence and error

Intervention Example Prevent error
N (%)

Prevent error that is also
non-adherence N (%)

Individual Improve storage of medications and
proper equipment

11 (30%) 15 (56%)

Family Improved communication about
dose changes between family
members

22 (65%) 27 (100%)

Community Identification of community
supports families can leverage for
transportation, pharmacy pickup

3 (8%) 3 (11%)

Health system Rapid cycle series of interventions
to achieve 100% parents measuring
correct chemotherapy dose 100% of
the time, based in human error
theory

34 (92%) 20 (74%)
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