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ABSTRACT
Objectives To assess knowledge deficits of patients/
parents and prevention strategies.
Methods After receiving ethics approval, we performed
a controlled, quasi-randomised, prospective intervention
study. We enrolled patients/parents involved in managing
oral medicines in three groups: control (routine care
only), handbook intervention and pharmaceutical
counselling intervention group. At baseline and after the
interventions, we assessed patients’/parents’ knowledge
deficits (incorrect or missing answers) by questionnaire.
Results We enrolled 64 patients/parents. At baseline,
knowledge deficits among the groups were similar:
17% in controls, 22% in the handbook group and
24% in the pharmaceutical counselling group. After the
intervention, knowledge deficits decreased to 13% in
the handbook group and to 8% in the pharmaceutical
counselling group (NS; p=0.003 compared with controls,
respectively). For controls, knowledge deficits remained
almost unchanged (19%). Results for the pharmaceutical
counselling group showed a strong correlation between
baseline knowledge deficits and the extent of the deficit
decrease after the intervention (τ=−0.74; p<0.001),
whereas no significant correlation was found in the
control or handbook group.
Conclusions In paediatric oncology, patients’/parents’
knowledge of managing oral medicines was improved.
Pharmaceutical counselling substantially reduced high
knowledge deficits but no significant improvement was
seen with the handbook approach. Pharmaceutical
counselling should be offered to patients/parents with
high knowledge deficits to reduce errors in managing
medicines and increase safety.

INTRODUCTION
The therapeutic use of oral antineoplastic agents
has increased over the past 20 years and is expected
to rise further.1 This new application route enables
paediatric patients and their parents to administer
their medication at home, which improves quality
of life.2–5 Inappropriate management of antineo-
plastic agents by these non-professionals, however,
poses a risk of exposure to hazardous substances
for the people involved, household surfaces and
the environment.6 Moreover, for paediatric
patients, the efficacy and safety of particular

complex processes has to be considered. Typical
examples of error-prone processes are tablet split-
ting and crushing.7 8

The reasons for inappropriate management of
antineoplastic agents by patients and parents have
rarely been investigated. Yet, previous research in
a general paediatric setting showed that errors in
managing medicines arose primarily owing to a
lack of knowledge,9 10 and thus patient education
is crucial.11 This is of particular interest for
cancer care. However, the practicability of stan-
dards and safeguards developed for safely man-
aging antineoplastic agents in a clinical setting
have not been tested for their application in the
home.12 In paediatric oncology, the importance
of the supervision of managing hazardous drugs
is growing owing to increasing outpatient
care.12 13

In this controlled pilot study in a paediatric
oncology unit, we aimed at identifying knowledge
deficits of patients and their parents in managing
oral antineoplastic agents. Subsequently, we aimed
at assessing two intervention strategies to prevent
these knowledge deficits—namely, a handbook
designed to provide information for patients/
parents and pharmaceutical counselling.

PATIENTS AND METHODS
Patients and setting
The study protocol was approved by the local
ethics committee and informed consent was given
by the patients (children and adolescents) and their
parents. We carried out this study with patients
from a 16-bed inpatient unit and the outpatient
unit at a department of paediatric oncology, haema-
tology and haemostaseology of a university hos-
pital. The study unit sees about 45 patients newly
diagnosed with an oncological or haematological
disease each year. Neither electronic support nor a
clinical pharmacy service were established at the
time of the study. All patients and their parents vis-
iting the study unit were invited to join the study.
First, the person (patient or parent) responsible for
managing the medicines at home was handed a
questionnaire. Patients were eligible for inclusion if
they were receiving or had had recent treatment
with oral drugs and were being treated in the study
unit. Patients and/or their parents were enrolled
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only if they were able to complete the questionnaire and under-
stand the aims and meaning of the study (including sufficient
language skills).

Study design
We performed a controlled, quasi-randomised, prospective inter-
vention study. Participating patients and parents were enrolled
consecutively in either the control or one of the two interven-
tion groups to avoid selection bias. No statistical power calcula-
tion was performed owing to the pilot character of our study.

Assessment of knowledge deficits by a questionnaire
A questionnaire for patients and their parents was designed to
determine five items: (i) theoretical knowledge about managing
medicines and (ii) storage, (iii) use of protective gear, (iv) actual
practices for preparation, (v) sociodemographic data. All data
were recorded and documented pseudonymously. Questions
were both open-ended and multiple-choice formats. Questions
related to managing medicines were based on current
recommendations.14–17 Knowledge deficits were defined as the
fraction of missing or incorrect answers as a percentage (%) of
the maximum attainable number of points (36 points/100%).
The participant’s medication knowledge deficits were assigned
to grades subdivided according to the US Education System:
criterion reference grading system A–D, and F (A: 0–10%
knowledge deficits, B: 11–20% deficits, C: 21–30% deficits, D:
31–40% deficits, F: >40% deficits).

Intervention strategies
Handbook intervention. We created a 60-page handbook, in
which risks and safe managing of medicines were explained. It
was written in plain language and explanations were illustrated
by images. The structure of the handbook designed for patients/
parents is presented in table 1.

Pharmaceutical counselling intervention. An experienced
pharmacist explained risks and safe managing of medicines to
the patient and his/her parents. The talk was given in plain lan-
guage and managing of medicines could be applied by the
patients and their parents. The structure of the pharmaceutical
counselling intervention is presented in figure 1.

Study protocol
In all groups, patients and their parents received standard infor-
mation on managing medicines and safety concerns from health-
care personnel as provided in routine care and the baseline
questionnaire.

In the handbook intervention group, participants received the
illustrated handbook as soon as possible after completion of the
baseline questionnaire. They were asked to read it.

In the pharmaceutical counselling intervention group, a
pharmacist visited patients and their parents during their
appointment at the hospital or during their hospital stay as soon
as possible after completion of the baseline questionnaire. The
pharmacist gave instructions on safe managing of medicines,
storage and safeguards.

In all groups, participants received a further questionnaire
(same content as the baseline questionnaire) for completion at
home 3 weeks after the baseline assessment. They were asked to
return the completed questionnaire in a numbered envelope to
the study team. If the questionnaire was not returned in 2 weeks
they were reminded by telephone and again 2 weeks later.

Statistical analysis
Medians and quartiles were calculated for descriptive analysis.
We reported frequencies as percentages and total numbers. Only
available data were used in the analyses; missing data were not
imputed. For descriptive and inferential analysis of the answers
in the questionnaire we used statistical analysis software (IBM
Corp, released 2011; IBM SPSS Statistics for Windows, V.20.0;
Armonk, New York, USA: IBM Corp). For comparison of
knowledge deficits among the three study groups a Mann–
Whitney U test was performed with a Bonferroni correction for
multiple testing and an adjusted p value ≤0.017 was considered
as significant. The knowledge deficits within each group were
tested by a Wilcoxon signed-rank test for categorical non-
parametric related samples. For determination of a correlation
we used the Kendall Tau-b τ according to Mukaka.18 We
assumed a negligible correlation for a coefficient: 0 to ±0.3,
weak positive/negative correlation: if greater than ±0.3 to
±0.5, moderate positive/negative correlation: if greater than
±0.5 to ±0.7, strong positive/negative correlation: if greater
than ±0.7 to ±0.9, very strong correlation: if greater than
±0.9 to 1.

RESULTS
Participant characteristics
Sixty-four patients and their parents were enrolled in this study
(figure 2). The recruitment resulted in 23 participants in the
control group, 21 in the handbook group and 20 in the pharma-
ceutical counselling group. Table 2 summarises the participants’
characteristics.

Knowledge deficits at baseline and end of the study
At baseline, median knowledge deficits in the three groups did
not differ significantly (control: 17% (Q25/Q75:11%/33%),
handbook: 22% (Q25/Q75: 9%/30%), pharmaceutical counsel-
ling group: 24% (Q25/Q75:12%/38%), NS, respectively).

At the end of the study periods, median knowledge deficits in
the pharmaceutical counselling group were 8% (Q25/Q75: 6%/

Table 1 Structure of the handbook developed for patients/parents

Chapter Content

1 General information on managing oral medicines
Storage
Cleaning
Use of a pill splitter
Expiry and disposal

2 General information on managing oral antineoplastic agents
What are cytotoxic drugs?
Toxic potential and protective equipment
Detailed, step-by-step-illustrated instructions on managing tablets,
capsules, liquids
Special storage requirements
Cleaning requirements
Handling of bodily excretions
Disposal requirements
Spillage and first aid
Checklist for all consecutive drug preparation steps

3 Information sheets of active pharmaceutical ingredients used in
paediatric oncology treatment
Hydroxycarbamide, lomustine, mercaptopurine, methotrexate,
procarbazine, temozolomide, thioguanine

4 Special part feeding tube
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19%), significantly lower than deficits in the control group
(19% (Q25/Q75:11%/31%); p=0.017). The deficits of 13%
(Q25/Q75: 3%/27%) in the handbook group did not differ sig-
nificantly from those in the controls (NS) or in the pharmaceut-
ical counselling group (NS).

Knowledge deficits over the study periods
During the study, the knowledge deficits in controls remained
almost unchanged (17% at baseline to 19% at the end of the

study, NS). Similarly, the knowledge deficits were not signifi-
cantly influenced by the handbook designed for patients/parents
(22% to 13%, NS). The knowledge deficits of the pharmaceut-
ical counselling group decreased from 24% to 8% (p=0.003).
We also assessed the individual increase (+) or decrease (–) in
knowledge deficits of each patient/parent during the study
periods depending on baseline knowledge (figure 3). We found
a strong correlation between baseline knowledge deficits and the
extent of deficit decrease after the intervention (τ=−0.74

Figure 1 Flowchart for the structured
and standardised pharmaceutical
counselling of participants in the
pharmaceutical counselling group.
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p<0.001) only in the pharmaceutical counselling group. No sig-
nificant correlation was found in the controls or the handbook
group (controls τ=−0.34, NS; handbook τ=−0.40, NS).

Knowledge deficits at baseline and at completion of the post-
interventional questionnaire, subdivided according to the
criterion-referenced grading system, are presented in table 3. In
the pharmaceutical counselling group, high knowledge deficits
graded as D and F were eliminated. In contrast, knowledge defi-
cits graded as D were still identifiable in controls and in the
handbook intervention group at the end of the study.

DISCUSSION
Knowledge deficits in managing oral antineoplastic agents were
common, with up to 24% missing or incorrect responses to pre-
defined relevant questions dealing with reliable administration,
storage and managing those drugs. A handbook intervention did
not lead to a significant decrease. A pharmaceutical counselling
intervention, however, substantially reduced knowledge deficits
to 8%. Participants with high knowledge deficits, particularly,
benefited from pharmaceutical counselling, but not from
working with a handbook designed for patients/parents. At the
end of the study, all participants but one in the pharmaceutical
counselling group had very good or good knowledge about the
management of oral medicines.

The high proportion of participants with knowledge deficits
suggests that patients and their parents might be exposed to a
hazard while preparing and administering antineoplastic oral
drugs. This is consistent with former studies,10 19 showing that
a high percentage of errors in the drug administration process is
associated with knowledge deficits. Patients and their parents in
the pharmaceutical counselling group benefited by a relative
decrease of 67% of knowledge deficits, indicating a lower risk
for accidental toxic exposure.

The health risk due to knowledge deficits is greater if oral
high-risk drugs are handled outside the clinical setting and the

Figure 2 Flowchart of recruitment.

Table 2 Participant sociodemographic characteristics at baseline assessment for each study group

Characteristics
Control group
(n=23)

Handbook group
(n=21)

Pharmaceutical counselling group
(n=20)

Total
(n=64)

Patients’ characteristics
Age (years)
Median (Q25/75) 10.4 (3.6/15.8) 5.6 (4.0/13.6) 6.8 (2.7/14.0) 6.8 (3.6/14.7)
Range 0.1–18.1 0.4–17.6 0.2–16.5 0.1–18.1

Gender (female), n (%) 11 (48) 8 (38) 7 (35) 26 (41)
Cancer diagnosis, n (%)
Haematological 16 (70) 9 (43) 7 (35) 32 (50)
Solid tumour 6 (26) 7 (33) 9 (45) 22 (34)
Other 1 (4) 5 (24) 4 (20) 10 (16)

Drug treatment period (months), median (range) 5 (0–169) 13 (0–67) 8 (0–118) 10 (0–169)
Number of drugs, median (Q25/75) 4 (2.0/6.0) 3 (0.8/4.0) 2.5 (1.0/4.5) 3 (1.0/4.8)
Respondents’ characteristics
Respondent to questionnaire, n (%)
Patient 5 (22) 4 (19) 3 (15) 12 (19)
Parent 18 (78) 17 (81) 17 (85) 52 (81)

Age (years)
Patient, median (range) 17 (14.8–18.1) 14.8 (14.7–17.6) 14.8 (13.7–15.5) 14.8 (13.7–18.1)

Parent, n (%)
18–25 0 (0) 1 (6) 1 (6) 2 (4)
26–35 7 (39) 9 (53) 6 (35) 22 (42)
36–50 11 (61) 7 (41) 10 (59) 28 (54)

Gender
Patients (female), n (%) 3 (60) 3 (75) 2 (67) 8 (67)
Parents (female), n (%) 14 (78) 14 (82) 13 (76) 41 (79)

Parents’ health-related job (yes), n (%) 4 (17) 6 (29) 2 (10) 12 (19)
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risk of committing errors is likely to be increased. Furthermore,
inappropriate management of medicines might pose a hazard to
other people in the household —for example, a patient’s sib-
lings. All participating mothers were of childbearing age and
might be exposed to a risk for themselves and the unborn child
without advice on the safe management of medicines. Indeed,
former studies1 6 12 20 have shown that management of high
risk medicines, particularly by parents, is prone to errors.
Owing to the increasing number of oral antineoplastic drugs to
be given at home, the investigation and implementation of strat-
egies to improve the knowledge of patients and parents are
urgently needed.

Our study suggests strategies for improving knowledge. In
contrast to the handbook group, we found that nearly all par-
ticipants in the pharmaceutical counselling group had excel-
lent and good results after the intervention, with high
knowledge deficits eliminated completely. In the control and
handbook group, however, one-quarter of the participants
remained deficient in knowledge at the end of the study.
Furthermore, this result is reinforced by the strong correlation

between baseline knowledge deficits and knowledge change in
the pharmaceutical counselling group, which indicates that
the higher a participant’s knowledge deficits were at the base-
line assessment, the more these patients and parents benefited
from the intervention. Consequently, for participants with the
greatest need, pharmaceutical counselling is the most effective
training method. In contrast, the handbook intervention did
not eliminate high knowledge deficit grades. We found that
the effort of developing a handbook and keeping it up to
date did not succeed in avoiding knowledge deficits suffi-
ciently. Taking into account economic considerations, we rec-
ommend focusing on patients and parents with the highest
support needs (deficient and failing grade), detected by tar-
geted questions. As a result, the workload and the effort/
benefit ratio can be reduced.

Efforts in a targeted counselling procedure aiming at prevent-
ing knowledge deficits and preventing errors in managing high-
risk medicines are worthwhile and should be investigated
further in larger studies.

Limitations
A few limitations of our study should be considered. First, we
studied either written or oral education for caregivers and
patients. The combination of both, however, which is expected
to provide the best results according to a Cochrane review,21

was not tested. We aimed to measure both effects separately;
however, the synergistic effect of counselling and a patient/
parent handbook is a valuable topic for study, especially in
newly diagnosed patients. This will be assessed in further
studies. Second, the use of a questionnaire is limited because of
a Hawthorne effect and social desirability. This leads to the
assumption, that the survey would underestimate the risk to
health by the management of antineoplastic agents. However,
our findings are consistent with previous results.6 20 To narrow
the gap between reported and actual behaviour, further
approaches could observe real-life practice of managing of medi-
cines. Another limitation of this study is the small sample size
and a predominately female parental population. Since most of
the study population were mothers, the results and conclusions
cannot be generalised to a broader population. However, we
invited all available patients/parents at their appointments. In
conclusion, to avoid limited informational value due to the
small number of children affected at any single site, large multi-
centre intervention studies are essential to measure changes in
safe management of medicines and also changes in rates of pre-
ventable harm.22

Figure 3 Knowledge deficits at baseline plotted against the absolute change of knowledge deficits from baseline to the time of completion of the
post-interventional questionnaire in (A) control group, (B) handbook group, (C) pharmaceutical counselling group. R2=coefficient of determination.
An effect due to the pharmaceutical counselling intervention is seen as a decrease (−) of knowledge deficit.

Table 3 Knowledge deficits at baseline and at completion of the
post-interventional questionnaire subdivided according to the
criterion-referenced grading system

Grade
Control group Handbook group

Pharmaceutical
counselling group

(n=23) (n=21) (n=20)

Baseline
A 3 (13) 5 (24) 2 (10)
B 10 (43) 5 (24) 6 (30)

C 2 (9) 6 (29) 3 (15)
D 6 (26) 3 (14) 5 (25)
F 2 (9) 2 (10) 4 (20)

End of study
A 3 (18) 5 (36) 8 (53)
B 6 (35) 5 (36) 6 (40)
C 3 (18) 1 (7) 1 (7)
D 5 (29) 3 (21) 0 (0)
F 0 (0) 0 (0) 0 (0)

p Value* 0.609 0.123 0.003

Results are shown as number (%).
*Wilcoxon test for baseline/end of study comparison of related groups.
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CONCLUSION
Our study in paediatric oncology proves that strategies to
improve patients’/parents’ knowledge of managing oral medi-
cines, as identified by a questionnaire, are urgently required. A
pharmaceutical counselling strategy for patients/parents signifi-
cantly reduced identified knowledge deficits, most effectively in
patients/parents with the highest knowledge deficits. Errors in
managing medicines posing a general risk are likely to be pre-
vented and the safety of the person managing these medicines
improved. A handbook strategy, however, had no significant
effects on the knowledge deficits assessed within this study.

Key messages

What is already known on this subject
▸ A health risk for people who manage antineoplastic agents

has been reported.
▸ Non-healthcare professionals, in particular, are affected,

such as parents preparing these drugs for their children.
▸ Knowledge deficits often cause risks and have rarely been

investigated.

What this study adds
▸ Individual pharmaceutical counselling significantly decreased

knowledge deficits, particularly in patients/parents with the
highest deficits.

▸ A handbook designed to provide information for patients/
parents failed to produce significant results.
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