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1. Introduction

Infections are important, but to some extent preventable,
causes of morbidity and mortality in patients undergoing
therapy for cancer. Certain prophylactic anti-infective inter-
ventions have been shown to improve overall outcome,™?
and non-adherence to these measures may result in life-
threatening or even fatal complications.?> While it has been
shown that a relevant fraction of children and adolescents
with malignancies do not adequately adhere to their antican-
cer medication,*™ little is known about the compliance of this
patient population to commonly recommended anti-infective
interventions. Knowledge about patient compliance and fac-
tors influencing adherence to recommendations, however,
may help to improve the rate of compliance and may have
impact on overall outcome. We conducted a multicentre sur-
vey to explore compliance rates to common preventive anti-
infective interventions and factors with potential impact on
compliance in a large cohort of paediatric patients undergo-
ing therapy for cancer.

2. Patients and methods

During the 12-month-period from December 2003 to Novem-
ber 2004, a standardised structured questionnaire was distrib-
uted to all consecutive patients who had completed intensive
anticancer chemotherapy within a time frame of three
months. All patients had been treated in one of the five par-
ticipating paediatric cancer centres. All centres were tertiary
care centres with a range of 35-100 newly diagnosed cancer
patients per year. Four of the centres were located in
Germany, one in Austria. The voluntary and anonymised
questionnaire captured the basic demographic data, the
recommendations and the adherence to common anti-infec-
tive measures, and factors that may have impact on adher-
ence. Data collection and handling were reviewed and
approved by the local Ethics Committees of the two principal
investigators (TL and AHG).

Compliance was assessed using a panel of eight recom-
mended interventions, including the restriction of social con-
tacts, the use of face masks outside home, the consumption
of microbiologically safe food items, the use of antiseptic
mouth rinses, the use of non-absorbable antibacterial and
antifungal agents, Pneumocystis jirovecii (PcP) prophylaxis with
trimethoprim/sulfamethoxazole (TMP/SMX) and the use of
systemic antifungal agents. Compliance was assessed and
quantified for each individual patient by the patient and/or
its caretaker using a four-point semi-quantitative scoring sys-
tem (‘adherence as recommended’, 3 points; ‘adherence in
>50% of times’, 2 points; ‘adherence in <50% of times’, 1
point; ‘adherence almost never/never’, 0 point).

In addition to the evaluation of reasons for non-compli-
ance, the questionnaire evaluated six factors with potential
impact on adherence to recommended anti-infective mea-
sures: satisfaction with the information on the rationale of
the recommended intervention, satisfaction with the infor-
mation on the potential adverse effects of the intervention,
comprehension of the information obtained, personal belief
in the efficacy of the intervention, overall satisfaction with
the medical care and the subjective perception of the inter-

vention as a burden. Questions were assessed by a three-
way answer option using a semi-quantitative scoring system
(‘true’, 3 points; ‘undecided’, 2 points; ‘not true’, 1 point). The
relationships of these factors to compliance were explored by
means of an overall compliance score (total score normalized
to questions with answers). Mann-Whitney U test was used
for the correlation of sex and compliance. Kruskal Wallis AN-
OVA with Dunn’s correction for multiple comparisons and
with Spearman’s rank sum test was used for correlation of
subjective perception and compliance. Logistic regression
was used for multivariate analysis. For this analysis, compli-
ance was dichotomized (overall compliance score <2.5 versus
>2.5; the latter indicates an overall compliance rate of more
than 80%, given the maximum possible score of 3.0). For the
factors such as the perceived degree of information, the per-
sonal burden, the anticipated benefit, and the overall satisfac-
tion scales being not true and undecided, these factors were
combined. Age was classified into <10 years versus >10 years.
A two-sided P value <.05 was considered to be statistically
significant.

3. Results

The study population comprised 216 children and adolescents
(122 boys, 94 girls) with a mean age of 8 years (median, 7.5
years; range, 1 month to 27 years). Hundred-and-forty-eight
patients had leukaemia/lymphoma [acute lymphoblastic leu-
kaemia (ALL; 91) acute myeloid leukaemia (AML; 16) leukae-
mia not further specified by the patient/caretaker (10),
Hodgkin’s disease (16), and non-Hodgkin lymphoma (15)],
whereas 63 patients had a solid tumour as underlying malig-
nancy [including rhabdomyosarcoma (10), neuroblastoma (6),
Ewing sarcoma (13), osteosarcoma (9) and brain tumour (14)].
No information on the underlying disease was given in 5
patients. Of the total 300 questionnaires distributed in the
centres, 216 (72%) had been returned.

3.1. Recommended interventions and compliance rates

During the course of intensive chemotherapy, the vast
majority of patients received the recommendation for PcP
prophylaxis with TMP/SMX (100%), to consume only microbi-
ologically safe food items (95.3%), to restrict social contacts
(94%) and to use non-absorbable antibacterial agents (92.6%)
(Fig. 1). Less frequently, the use of face masks outside home
(77.3%), the use of antiseptic mouth rinses (69%) and the
use of topic antimycotic agents (74.5%) were recommended
as prophylactic measures (Fig. 1). Notably, prophylactic sys-
temic antifungal were prescribed only in few patients consid-
ered to be at high risk (16.7%), e.g. in patients with high-risk
ALL or with AML.

When analysing those patients who received the recom-
mendation for a particular anti-infective prophylactic mea-
sure, the highest compliance rates (defined as ‘adherence
>50% of times’) were reported for food restriction (89.3%),
the use of topical antimycotics (88.2%) and the use of TMP/
SMX (86.6%) (Fig. 1). Considerably fewer patients reported
adherence to recommendations to use face masks (68.8%),
regular antiseptic mouth rinses (67.1%), non-absorbable anti-
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Fig. 1 - The percentage of patients receiving the recom-
mendation for a specific prophylactic intervention. The light
part of the column represents the percentage of patients
who adhered to this recommendation. TMP/SMX, trimeth-
oprim/sulfamethoxazole.

bacterial agents (66.5%) and to limit social contacts (65.5%).
The overall reported adherence to the use of systemic anti-
fungal agents was 73.9%, and was higher in those patients
using fluconazole (29/36; 80.5%) as compared to those who re-
ceived itraconazole (5/10; 50%).
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Fig. 2 - The perceived degree of information, subjective
burden, anticipated benefit and overall satisfaction with
medical care. The left column (grey) represents the per-
centage of positive answers, the central column (dark) the
percentage of undecided answers and the right column
(white) the percentage of negative answers. (For interpreta-
tion of the references to colour, the reader is referred to the
web version of this article.)

3.2.  Reasons for drug non-compliance

The most frequently provided explanations for drug non-
compliance were forgetfulness (56 patients; 25.9%), refusal
of the patient to take the scheduled medication (55;
25.5%) and the previous experience of adverse events (24;
11.1%). Less frequently, concerns about potential adverse
events (6; 2.8%) and inadequate supply of prescribed medi-
cation (3; 1.4%) were given as the reasons for drug non-
compliance.

3.3.  Perceived degree of information, personal burden,
anticipated benefit and overall satisfaction with medical care

Most patients/caretakers perceived that the degree of infor-
mation on the rationale of the prophylactic anti-infective
measure was sufficient (83.3%) (Fig. 2). In addition, most pa-
tients/caretakers believed in the efficacy of the recom-
mended intervention (76.9%) and were satisfied with the
overall medical care in the hospital where they were treated
(81.9%). In contrast, there were apparent deficits in the com-
prehension of medical information and in the information
on potential adverse effects of the recommended interven-
tion (undecided and unsatisfied patients/caretakers 41.7%
and 54.6%, respectively) (Fig. 2). Similar percentages of pa-
tients/caretakers perceived and did not perceive the recom-
mended interventions as burden (38.9% and 33.8%,
respectively) (Fig. 2). The use of topical antimycotics and
the restriction of social contacts were perceived as the great-
est subjective burden (each 14.8%, choice of two items
possible).

3.4. Correlation of overall compliance with demographic
features and subjective perception

Compliance as assessed by the overall compliance score sig-
nificantly correlated with younger age (r = -.2247; P =.0009),
haematological malignancy as underlying disease (P <.0001;
ANOVA, Table 1) and the belief in the efficacy of the recom-
mended measures (r =.4153; P <.0001) (Table 2). In contrast,
no correlation was observed with sex, the satisfaction with
the information on the recommended measures and the per-
ceived burden of the prophylactic intervention (Table 2). Of
note, there was no correlation between the overall compli-
ance score and the number of recommended interventions
[r = .065 (95% CI .072-.020); P = .78].

Table 1 - The correlation of overall compliance and underlying diagnosis

Leukaemia Lymphoma CNS tumours Solid tumours P-value (Kruskal Wallis)
2.67 +.39% 2.65+ .37 1.97 +.62 22+.74 <.0001°¢
75-3.0° 14-3.0 .85-3.0 4-3.0

Kruskal Wallis (ANOVA) and Dunn’s correction for multiple comparisons.

a Mean + SEM.
b Range.

¢ P<.001 leukaemia versus CNS tumours, P < .01 leukaemia versus solid tumours and lymphoma versus CNS tumours (Dunn’s correction for

multiple comparisons).
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Table 2 - The correlation of overall compliance as assessed by the overall compliance score with subjective perceptions

Variable tested Spearman correlation P-value
Sufficient information on rationale -.05 .51
Sufficient information on potential AE +.10 13
Perceived level of comprehension +.08 27
Perceived burden of interventions -.04 .58
Belief in efficacy of interventions +.42 <.0001
Overall satisfaction with medical care +.01 .94

AE, adverse event.

Using multivariate analysis, the belief in the efficacy of the
recommended measures (P <.0001) and underlying diagnosis
(haematological malignancy versus other, P =.0002) were the

statistically significant variables with an impact on
compliance.
4. Discussion

Our study shows that in paediatric cancer patients, adherence
to commonly recommended prophylactic anti-infective mea-
sures is variable and correlates with underlying diagnosis, age
and with the belief in the effectiveness of the prophylactic
intervention. As some preventive anti-infective interventions
have been shown to reduce morbidity and mortality in cancer
patients,*> adherence may play a critical role in clinical prac-
tice and information on frequency and reasons of non-com-
pliance may ultimately help to improve outcome. On the
other hand, the efficacy of a number of frequently recom-
mended interventions, such as wearing face masks or the
consumption of microbiologically safe food items, has not
been demonstrated to date and remains a matter of
controversy.”®

An important problem in the assessment of compliance is
the lack of uniformly accepted evaluation end-points. Evalu-
ating the rate of adherence by indirect methods such as the
physician’s estimate, clinical outcome or counting pills is
fraught with problems: Physicians tend to overestimate drug
compliance,’ and measuring compliance by clinical outcome
presumes a direct association between recommended inter-
vention and achievement of treatment target, which is not al-
ways predictable.’® The major limitation of counting pills,
which can be performed electronically, is the assumption that
each pill not returned has been ingested. This, however, may
not be justified since discarding unused medication is well de-
scribed and results in an overestimation of compliance.®*%?
Direct methods, such as the quantitative analysis of drug or
drug metabolites in blood and urine, usually provide only an
indication of recent medication adherence, and are limited
by genetic variants accounting for inter-individual variation
of pharmacodynamics and pharmacokinetics.”** We chose
to assess the adherence to anti-infective measures in the
form of retrospective self-reporting, as it is inexpensive and,
therefore, suitable for a large cohort of patients, which de-
creases the risk of biased results associated with analysing
selected small patient groups. The approach of retrospective
self-reporting has been found to reasonably correlate with
laboratory-based objective measures of compliance,*** and
avoids potentially false high rate of compliance due to a Haw-

thorne effect.’> However, we recognize that the accuracy of

our data is limited since patients might not exactly remember
adherence to the various recommendations and medication
administration over a number of weeks or months, or they
wish to conceal non-adherence to medication. Another limi-
tation of our approach is the fact that the questionnaire does
not identify whether the patient and/or the caretaker was
reporting, which might be important in targeting specific
interventions and making them age-appropriate.

There are few published data on the adherence rate to pro-
phylactic anti-infective measures in children and adolescents
undergoing intensive anticancer treatment. In addition, most
of these studies are limited by small patient samples. A retro-
spective chart review of 54 paediatric transplant recipients re-
vealed that more than half of the patients had significant
adherence problems to oral antibiotic medications.*® Surpris-
ingly, this study reported the lowest rates of compliance in
younger children while compliance was greater in adoles-
cents. In our study population consisting of 216 patients
receiving chemotherapy for cancer, we found a considerably
higher overall rate of compliance. Since adherence rates seem
to decrease over time,'®'’ the observed difference in compli-
ance could be due to the duration of treatment, which is usu-
ally longer in transplant recipients compared to patients
undergoing chemotherapy. Although only significant in the
univariate analysis, we observed higher rates of non-compli-
ance in adolescents compared to younger children, a finding
which has been reported for anticancer drugs in paediatric
patients receiving therapy for leukaemia or lymphoma.®*81?
It is common belief that the complex age-specific develop-
mental factors in adolescents, which are often marked by
rebellious behaviour and disagreement with parents and
authority figures, account for the lower rates of compliance
in this age group as compared to younger patients who usu-
ally may receive their medication under the control of par-
ents.*'® The positive correlation of compliance with
underlying haematological malignancy was unexpected.
Since forgetfulness was the most frequently provided expla-
nation for drug non-compliance, the observed correlation
might be explained, at least in part, by the usually more reg-
ular clinical visits of patients with haematological malignan-
cies compared to those with solid tumours.

Interestingly, in our survey, the burden perceived by the
recommended anti-infective measure did not influence com-
pliance. Our data also corroborate the previous data that
information of both the disease and treatment regimen is
not a prerequisite for adherence.?® In contrast, the belief of
the patient/caretaker in the efficacy of the recommended
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measure strongly improves the rate of compliance, a phe-
nomenon that has also been observed for treatment with
anticancer drugs in paediatric patients.*?* Similar to other
studies, forgetfulness, refusal of the child and previous expe-
rience of side-effects were the most frequently reported rea-
sons of missed medication in our survey.>?>?3

In conclusion, our survey demonstrates that adherence to
anti-infective measures should never be taken for granted,
not even in paediatric oncology where patients/parents are
generally thought to be highly motivated by the severity of
the disease. There is an obvious need to improve compliance,
and research programmes have to clarify the types of mea-
sures that are most likely to improve adherence in paediatric
cancer patients. This is particularly important in the special
subgroup of patients, such as in patients with non-haemato-
logical malignancies and in adolescents who showed the low-
est rates of adherence in our survey. The fact that compliance
significantly correlates with factors such as the belief in the
effectiveness of the recommended measure underlines the
importance to positively address factors which are associated
with a higher rate of compliance. At the same time, profes-
sionals have to evaluate prophylactic measures and to find a
uniformly accepted agreement in order to convince patients
and families of the efficacy of a recommended intervention.

Conflict of interest statement

None declared.

Acknowledgement

We thank Martin Zimmermann for his helpful advice in the
statistical analysis.

REFERENCES

1. Hughes WT, Kuhn S, Chaudhary S, et al. Successful
chemoprophylaxis for Pneumocystis carinii pneumonitis. New
Engl ] Med 1977;297:1419-26.

2. Cornely OA, Maertens J, Winston DJ, et al. Posaconazole vs.
fluconazole or itraconazole prophylaxis in patients with
neutropenia. New Engl ] Med 2007;356:348-59.

3. Castagnola E, Zarri D, Caprino D, Losurdo G, Micalizzi C.
Cotrimoxazole prophylaxis of Pneumocystis carinii infection
during the treatment of childhood acute lymphoblastic
leukemia - beware non compliance in older children and
adolescents. Support Care Cancer 2001;9:552-3.

4. Tebbi CK. Treatment compliance in childhood and
adolescence. Cancer 1993;71:3441-9.

5. Pritchard MT, Butow PN, Stevens MM, Duley JA.
Understanding medication adherence in pediatric acute

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

lymphoblastic leukemia: a review. ] Pediatr Hematol Oncol
2006;28:816-23.

. Lau RC, 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.

. Pizzo PA, Rubin M, Freifeld A, Walsh TJ. The child with cancer

and infection. I. Empiric therapy for fever and neutropenia,
and preventive strategies. ] Pediatr 1991;119:679-94.

. Moody K, Finlay J, Mancuso C, Charlson M. Feasibility and

safety of a pilot randomized trial of infection rate:
neutropenic diet versus standard food safety guidelines. J
Pediatr Hematol Oncol 2006;28:126-33.

. Matsui DM. Drug compliance in pediatrics. Clinical and

research issues. Pediatr Clin North Am 1997;44:1-14.

Matsui D, Hermann C, Braudo M, Ito S, Olivieri N, Koren G.
Clinical use of the medication event monitoring system: a
new window into pediatric compliance. Clin Pharmacol Ther
1992;52:102-3.

Rudd P, Byyny RL, Zachary V, et al. The natural history of
medication compliance in a drug trial: limitations of pill
counts. Clin Pharmacol Ther 1989;46:169-76.

Partridge AH, Avorn ], Wang PS, Winer EP. Adherence to
therapy with oral antineoplastic agents. J Natl Cancer Inst
2002;94:652-61.

Fanta S, Niemi M, Jonsson S, et al. Pharmacogenetics of
cyclosporine in children suggests an age-dependent influence
of ABCB1 polymorphisms. Pharmacogenet Genom
2008;18:77-90.

Kennard B, Steward S, Olvera R, et al. Nonadherence in
adolescent oncology patients: preliminary data on
psychosocial risk factors and relationship to outcome. J Clin
Psychol Med Setting 2004;11:31-9.

Phipps S, DeCuir-Whalley S. Adherence issues in pediatric
bone marrow transplantation. ] Pediatr Psychol 1990;15:459-75.
Nelson EC, Stason WB, Neutra RR, Solomon HS. Identification
of the noncompliant hypertensive patient. Prev Med
1980;9:504-17.

Litt IF, Cuskey WR, Rosenberg A. Role of self-esteem and
autonomy in determining medication compliance among
adolescents with juvenile rheumatoid arthritis. Pediatrics
1982;69:15-7.

Smith SD, Rosen D, Trueworthy RC, Lowman JT. A reliable
method for evaluating drug compliance in children with
cancer. Cancer 1979;43:169-73.

Festa RS, Tamaroff MH, Chasalow F, Lanzkowsky P.
Therapeutic adherence to oral medication regimens by
adolescents with cancer. I. Laboratory assessment. J Pediatr
1992;120:807-11.

Fotheringham M]J, Sawyer MG. Adherence to recommended
medical regimens in childhood and adolescence. ] Paediatr
Child Health 1995;31:72-8.

Dolgin M]J, Katz ER, Doctors SR, Siegel SE. Caregivers’
perceptions of medical compliance in adolescents with
cancer. ] Adolesc Health Care 1986;7:22-7.

Shope JT. Medication compliance. Pediatr Clin North Am
1981;28:5-21.

de Oliveira BM, Viana MB, Zani CL, Romanha AJ. Clinical and
laboratory evaluation of compliance in acute lymphoblastic
leukaemia. Arch Dis Child 2004;89:785-8.



	Compliance with anti-infective preventive measures: A multicentre survey among paediatric oncology patients
	Introduction
	Patients and methods
	Results
	Recommended interventions and compliance rates
	Reasons for drug non-compliance
	Perceived degree of information, personal burden, anticipated benefit and overall satisfaction with medical care
	Correlation of overall compliance with demographic features and subjective perception

	Discussion
	Conflict of interest statement
	Acknowledgement
	References


