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ing [3-5]. As the disease progresses toward its inevitable end, the 
need for controlling symptoms increases, which often requires 
an increase in the medication burden, leading to polypharma-
cy. The exact definition of polypharmacy, which is explained 
as treating concurrent symptoms with multiple medications [6], 
varies between children and adults and even between different 
patient groups within the same age group. According to Baka-
ki and colleagues [7], polypharmacy among pediatric patients 
may be defined, as “the prescription or consumption of two or 
more distinct medications for at least one day”. By this defi-
nition, most, if not all, pediatric cancer patients, are subject to 
polypharmacy during the entire treatment period, and especially 
at EOL. Polypharmacy may be an unnecessary burden for the 
dying patient, with sometimes questionable effectiveness, un-
necessary patient inconvenience, and avoidable costs. Given the 
ubiquity of polypharmacy among children dying from cancer, a 
rational approach to drug prescribing in this group of patients is 
important. However, little is known about the characteristics of 
polypharmacy in pediatric oncology, especially at EOL.

As a basis for improving rational medication utilization in 
dying children, we characterized medication use during the last 
hospitalization in children dying from cancer. Our retrospective 
cohort study was based on the medical records of pediatric pa-
tients who died from cancer in our department. We collected in-
formation about medication use during their last hospitalization.

PATIENTS AND METHODS

Using electronic medical records, we identified 90 pediatric 
cancer patients who died in our department between 01 Janu-
ary 2010, and 31 December 2018. For the last hospitalization, 
we collected demographic (e.g., age, sex, ethnicity) and clinical 
information, such as malignancy diagnosis, hospitalization de-
partment, and “Do not resuscitate” (DNR) status (DNR status 
was defined as a written DNR order in the patient record), as 
well as all medications orders at the beginning (day of hospital-
ization) and the end (day of death). Medications were grouped 
into seven subclasses (antibiotics, opioids, sedatives and anti-
convulsants, steroids, chemotherapy, biologic medications and 
targeted therapeutics, and other, the latter including diuretics, 
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Currently, approximately 80% of children with cancer be-
come long-term survivors [1]. That  means that every fifth 

pediatric oncology patient will ultimately die of his/her disease. 
Cancer is still the leading cause of death from disease in chil-
dren in the western world [2]. The complexity and severity of 
symptoms in children dying from cancer make effective medical 
management toward the end of life (EOL) extremely challeng-
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antihypertensive and cardiac medications, laxatives, and anti-
emetics). Malignancy diagnoses were classified as solid tumors, 
primary central nervous system (CNS) tumors, or hematological 
tumors (lymphomas/leukemias).

STATISTICAL ANALYSES

For each patient, on both the first and the final day of hospital-
ization, we counted the total number of medication orders as well 
as numbers of orders for medications in each drug subclass. We 
used paired non-parametric analyses (Wilcoxon signed-rank test) 
to assess the change in the total number of medication orders and 
in the number of medication orders for each drug class. To as-
sess whether covariates, such as DNR status or hospitalization 
department, were associated with the change in number of med-
ication orders, we compared these changes among the respective 
subgroups. Parameters were expressed as mean ± standard devi-
ation or medians with interquartile range (IQR), as appropriate. 
All statistical tests were two-sided, and a P value of < 0.05 was 
considered as significant. Statistical analyses were performed 
using IBM Statistical Package for the Social Sciences statistics 
software, version 25 (SPSS, IBM Corp, Armonk, NY, USA).

RESULTS

PATIENTS

Between 01 January 2010 and 31 December 2018, 90 children 
with malignancies died in our department. Demographic and 
clinical details of the cohort are listed in Table 1.

MEDICATION BURDEN AT HOSPITALIZATION 

Among the 90 patients, there were 437 medication orders 
for 1–15 day of hospitalization, with a median of 4 medi-
cation orders per patient (IQR 2–6). The number of med-
ication orders was higher in leukemia/lymphoma patients 
(median 6 orders, IQR 3–10) compared to solid (median 4 
orders, IQR 2–6) or CNS tumor patients (median 4 orders, 
IQR 2-6; P = 0.006 for difference among disease groups) but did 
not differ by sex (P = 0.35), ethnicity (P = 0.69), or DNR status 
(P = 0.74). Moreover, the distribution of medication subgroups 
differed significantly among disease groups: 23/28 (82%) leu-
kemia/lymphoma patients received one or more antimicrobials, 
while only 11/44 (25%) solid tumor patients and 1/18 (5.6%) 
brain tumor patients were treated with antimicrobials (P < 0.001).

CHANGES IN PRESCRIPTIONS DURING FINAL 

HOSPITALIZATION

The total number of medication orders among the 90 patients 
was similar on day 1 (n=437) and on the day of death (n=432). 
Similarly, the median number of medication orders per patient 
was unchanged (median 4, IQR 2–6, range 1–15 on day 1 and 
median 4, IQR 2–7, range 0–22 on the day of death; within-pa-

tient comparison, P = 0.42). However, there was great variabili-
ty in the within-patient changes in prescription numbers, from a 
maximal reduction of 10 prescriptions to a maximal increase in 
15 prescriptions [Figure 1]. Among patients with brain tumors, 
there was a trend to a reduction in prescriptions (median reduc-
tion 1, IQR -6–3, P = 0.052). However, overall, changes in pre-
scription numbers did not significantly differ among different 
cancer groups (P = 0.55) [Table 2].

There was a trend of DNR order status affecting deprescrib-
ing (P = 0.068). Among 28 patients without a DNR order, there 
were no significant changes in the number of medications (me-
dian reduction = 0, IQR -4–1.75, P = 0.28), while there was a 
trend toward reducing medication orders among patients with 
DNR status (median reduction =1, IQR -1–3, P = 0.055). Sex 
(P = 0.19), ethnicity (P = 0.59), or length of hospitalization 
(below or above the median duration of 5.5 days, P = 0.63) 
were not associated with the reduction in medication orders.

MEDICATION SUBGROUP ANALYSES

When analyzing temporal prescription patterns within each 
medication subgroup in the whole cohort, prescriptions for an-
tibiotics, opiates, and anxiolytics increased, while prescriptions 
for steroids and chemotherapy decreased. However, only the re-
ductions in chemotherapy (P = 0.035) and steroids (P = 0.010) 
were significant, the latter in particular among patients with a 
brain tumor (P = 0.004) [Table 2].

Table 1. Demographic and clinical characteristics in 90 pediatric 
cancer patients

Parameter n (%) or median (IQR)

Median age (years) 12

IQR (range) 6; 17 (1–24)

Male sex, n (%) 55 (61.1)

Ethnic background 

Arab 53 (58.9)

Jewish 34 (37.8)

Russian 3 (3.3)

Type of malignancy 

Solid tumor 44 (48.9)

Brain tumor 18 (20)

Hematologic 28 (31.1)

Department 

Ward 75 (83%)

ICU 15 (17%)

Median length of hospitalization, days 5.5 (1;19)

DNR status 62 (69%)

DNR = do not resuscitate, ICU = intensive care unit, IQR = interquartile range
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PATIENTS DYING IN THE ICU 

Fifteen patients died in the ICU, all while mechanically ventilat-
ed [Table 3]. Indications for transfer to the ICU were rapid and 
life-threatening deteriorations in the clinical status of children 
with leukemia/lymphoma and sepsis, and even children with 
incurable cancer but whose predicted life expectancy was still 
reasonable (at least several months). Interestingly, 6 (40%) of 
these had DNR orders, a lower rate than for those children who 
died on the wards (75%, P value for the difference = 0.008). 
Among patients who died in the ICU, the number of medication 
orders increased non-significantly during hospitalization (me-
dian increase 4 orders, IQR -2–7 orders years = 0.11), while 
among the 75 patients who died on the wards, medication or-
ders decreased slightly (median -1 order IQR -3–1 orders, 
P = 0.031), and the difference between these two groups was 
significant (P = 0.011). Thus, patients dying in the ICU had a 
higher medication burden at death (median 6, IQR 4–14 med-
ication orders) than patients dying on the wards (median = 3, 
IQR 1–6 medication orders; P value for the difference between 
ICU and pediatric ward patients = 0.001). Comparing children 
dying in the ICU with those dying on the ward, differences in 
changes of medication orders were statistically significant for 
opiates (P = 0.019) and other drugs (P = 0.008), both of which 
were more often started in patients who died in the ICU com-
pared to those who died on the wards.

DISCUSSION

To the best of our knowledge, this is the first study to quantify 
medication burden in pediatric patients dying from cancer. We 

found that polypharmacy is the norm at EOL, irrespective of 
diagnosis and DNR status.

Polypharmacy does not equal irrational use of medications 
and is often appropriate in view of the complex problems en-
countered in children with cancer, especially at EOL. As death 
approaches, suffering often increases, requiring additional med-
ications. Thus, polypharmacy is often necessary for successful 
control of the multiple symptoms arising in a dying child during 
his/her last weeks, days, and hours of life.

However, polypharmacy may be harmful. In most incurable 
cancer patients, the function of many organ systems significant-
ly declines over the course of disease, for example as a direct 
result of the cancer, complications such as infections, or adverse 
effects of previous anticancer treatment, especially chemother-
apy and radiotherapy. Such changes may affect the safety and 
effectiveness of medications.

In our study, on average, the medication burden did not de-
crease between the beginning of hospitalization and the last 
day of life. Although subgroups of cancer types and medica-
tion classes were small in our cohort, more detailed analyses 
revealed some interesting trends. 

Our cohort included children who died as a results of their pro-
gressing cancer and whose death was well anticipated, but also 
children whose death resulted from treatment complications (e.g., 
sepsis, uncontrollable bleeding) and was, therefore, unexpected. 
Such differences in the intent and intensity of treatment are like-
ly to have affected the medication burden at the end of life. Al-
though in this retrospective study intent and intensity of treatment 
were not prospectively recorded, we expected some markers to 
have been correlated with the intent of treatment. For example, 
a patient who died expectedly from progressive cancer would be 
more likely to present with solid tumors such as brain tumors, 
sarcomas, and neuroblastoma; to have DNR orders; and to die 
in peripheral wards. In contrast, patients who died unexpectedly 
from treatment complications would be expected to more likely 
suffer from leukemias, die in the ICU, and not have DNR orders.

Our findings were largely in line with this assumption. Pa-
tients with lymphomas/leukemias were less likely to have DNR 
orders, and their final hospitalization was often for complica-
tions that were actively treated with curative intent (e.g., in-
fections, bleeding, graft-versus-host disease), also reflected by 
higher rates of ICU hospitalizations. In these patients, the num-
ber of medication orders tended to increase. In contrast, in pa-
tients with brain or solid tumors who were usually hospitalized 
in regular wards due to progression of their incurable diseases 
to deliver palliative EOL care, the medication burden decreased. 
Thus, diagnosis class and prognosis and the associated intent of 
therapy contributed to the differences in medication burden and 
its change during hospitalization among patients.

Among patients with DNR status hospitalized for EOL care, 
we expected a decrease of the medication burden of certain 
medication groups. Accordingly, we found a decrease of border-

Figure 1. Change in the number of total medication orders on the day 
of hospitalization and day of death in 90 children

Negative numbers denote a reduction in medication orders, and 
positive numbers an increase in medication orders. The median 
reduction in medication orders was –1 (IQR –3–2) and not significant 
(P = 0.42).
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line significance in the medication burden in patients with brain 
tumors (P = 0.052), driven by significant reductions in steroids 
and other drugs.

There is a bulk of literature estimating risks of adverse drug 
reactions (ADR) among hospitalized children in the setting of 
general pediatric wards [8-11] or ICU [12]. Thiesen and col-
leagues [13] showed that more than 50% of ADR were observed 
in connection to opioids and general anesthesia drugs. They al-
so found associations between polypharmacy (number of drugs 
administered) and medication type (oncological medications) 
and the risk of ADR. These same risk factors characterize drug 
therapy in children with end-stage cancer and should therefore 
be taken into consideration in this very complex and diffi-
cult-to-treat patient group.

We still do not fully appreciate how drugs are metabolized 
and eliminated from the bodies of severely ill children, and our 
knowledge about their interactions in a child dying from can-
cer is even more limited [14, 15]. The irrational use of multiple 
drugs in such circumstances, even if given with good intent, may 
further deteriorate the child's condition and accelerate demise. 
Symptoms that are not recognized as adverse medication effects 
but misinterpreted as a new medical condition often lead to 
the addition of further medications for symptomatic treatment, 
leading to a self-perpetuating prescription cascade. For exam-
ple, a patient with nausea may receive ondansetron, which may 
lead to headache, possibly triggering the initiation of morphine 
medications, potentially leading to constipation and the initia-
tion of laxatives. The active involvement of clinical pharmacists 

Table 2. Absolute number of prescriptions and median number of prescriptions per patient (interquartile range) on the first and last 
day of hospitalization, by medication subgroups.

Solid tumors (n=44) Leukemia/lymphoma 
(n=28) Brain tumors (n=18 Whole cohort (n=90) P value*

Antibiotics

First day 17
0 (0–0.75)

56
2 (1–3)

2
0 (0–0)

84
0 (0–1)

0.60

Last day 28
0 (0–1)

53
1 (0–3)

3
0 (0–0)

84
0 (0–1)

Opioids

First day 33
1 (0–1)

13
0 (0–1)

5
0 (0–1)

52
0 (0–1)

0.88

Last day 24
0.5 (0–1)

20
1 (0–1)

6
0 (0–1)

50
0 (0–1)

Sedatives

First day 27
0.5 (0–1)

19
0 (0–1)

13
0.5 (0–1)

58
0 (0–1)

0.69

Last day 28
0 (0–1)

19
0 (0–1)

14
1 (0–1)

61
0 (0–1)

Steroids

First day 13
0 (0–1)

22
0.5 (0–1)

13
1 (0–1)

46
0 (0–1)

0.010

Last day 8
0 (0–0)

18
1 (0–1)

6
0 (0–1)

32
0 (0–1)

Chemotherapy

First day 2
0 (0–0)

6
0 (0–0)

0
0 (0–0)

8
0 (0–0)

0.035

Last day 1
0 (0–0)

0
0 (0–0)

0
0 (0–0)

1
0 (0–0)

Biologics

First day 2
0 (0–0)

0
0 (0–0)

0
0 (0–0)

3
0 (0–0)

1.0

Last day 2
0 (0–0)

0
0 (0–0)

0
0 (0–0)

2
0 (0–0)

Others

First day 79
1 (1–3)

76
2.5 (1–4)

38
2 (1–3)

185
0(1–3)

0.99

Last day 93
2 (1–3)

87
3 (0–4)

22
1 (0–2.25)

202
2 (0–3)

All medications

First day 184
4 (2–6)

192
6 (3–10)

71
4 (2–6)

437
4 (2–6)

0.42

Last day 184
3 (2–7)

197
5.5 (2–11)

51
2.5 (0–5)

432
4 (2–7)

For each medication type, the upper number denotes the total number of prescriptions in the whole cohort, and the lower row denotes the median 
number of prescriptions per patient and the corresponding interquartile range 
*P value for within-patient comparison of number of prescription orders per medication class between day 1 and day 2 in the whole cohort
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or pharmacologists in such situations may reduce unnecessary 
medication burden, facilitate rational deprescribing, and thus 
allow the more effective management of this very special and 
demanding group of patients [16,17].

Another important aspect of polypharmacy is what message 
we deliver to parents and family of a dying child when pre-
scribing multiple drugs at EOL. It is possible that parents may 
interpret polypharmacy as a sign that there is still a chance for 
cure or at least for improvement in the condition of their child, 
in contrast to the message conferred in preceding discussions 
with medical and psychosocial staff members and written 
DNR orders. Hope among parents and other family members 

persists until the very end of a child’s life [18,19], even in 
the presence of rapidly progressive disease and decline of the 
general condition. This hope is multilayered and not directed 
only at a miraculous survival of a child. In most instances, 
parents hope that their child will not suffer and will ultimately 
find peace and rest after a long fight with the fatal disease. In 
such situations, prescribing unnecessary drugs may add more 
uncertainties to the mind of family members and further ag-
gravate their psychological condition already complicated and 
strained under immense stress.

However, the most important aspect of drug therapy in chil-
dren presenting with incurable cancer at the end of life is the 
palliative intent of treatment. The main objective of palliative 
care is the preservation of quality of life and quality of death to 
the maximally possible extent. Meticulous attention to symptom 
control, particularly pain and nausea and vomiting, is of para-
mount importance, especially when there are no realistic chances 
for cure. The circumstances of a child's death are what the par-
ents will remember for the rest of their lives. The memory of the 
peaceful death of their beloved child is likely to improve future 
parental coping with this tragic loss.

We studied pediatric patients only, but it may be possible to 
extrapolate some of our findings to adult patients dying from 
cancer. The pre-eminence of palliation for the utmost possible 
preservation of QOL up to the end of life is the need for constant 
dialogue between patient, family, and medical staff. The impor-
tance of avoiding futile medication therapy would be expected 
to be similarly pertinent to the adult patient dying from cancer 
and the surrounding family.

In a multiethnic society such as in Israeli, patients and their 
families belong to greatly varying religious, cultural, and ethnic 
backgrounds, potentially affecting the management of pediatric 
oncology patients at the end of life. In our study, 59% of the 
children were Arabs, and the rest were Jews. However, there 
were no significant differences in patterns of drug prescrip-
tion between these two groups. A possible explanation for this 
is that, usually, deep emotional bonds are formed between the 
dying child, the family, and the medical staff (pediatric oncolo-
gists, nurses, social workers, clinical psychologists) during the 
many months or even years of the child's disease. It appears that 
this dialogue shapes EOL treatment decisions (as reflected in 
the number of medication orders) to a greater extent than the 
cultural or religious background.

LIMITATIONS

Our analysis has several limitations. First, in view of the retro-
spective study design, we evaluated medication burden at EOL, 
but were not able to determine medication adequacy, adherence 
to palliative care guidelines, or clinical efficacy. A prospective 
study, including prospective assessment of symptom control, 
would allow assessment of the adequacy of medication treat-
ment and determination of which medications were truly neces-

Table 3. Absolute number of prescriptions and median number of 
prescriptions per patient (interquartile range) on the first day and last 
day of hospitalization, by medication subgroups and department of 
hospitalization at death 

Regular 
ward

(n=75)

Intensive 
care unit

(n=15)
P value*

Antibiotics

First day 46
0 (0–1)

29
2 (1–3)

0.18

Last day 46
0 (0–1)

38
2 (0–5)

Opioids

First day 49
1 (0–1)

2
0 (0–0)

0.019

Last day 41
0 (0–1)

9
1 (0–1)

Sedatives

First day 51
1 (0–1)

8
0 (0–0)

0.10

Last day 48
0 (0–1)

13
0 (0–2)

Steroids

First day 40
0 (0–1)

8
0 (0–1)

0.08

Last day 22
0 (0–1)

10
1 (0–1)

Chemotherapy

First day 6
0 (0–0)

2
0 (0–0)

0.35

Last day 1
0 (0–0)

0
0 (0–0)

Biologics

First day 2
0 (0–0)

0
0 (0–0)

1.0

Last day 2
0 (0–0)

0
0 (0–0)

Others

First day 154
2 (1–3)

40
2 (1–3)

0.008

Last day 141
1 (0–3)

61
3 (2–6)

All 
medications

First day 348
4 (2–6)

89
4 (3–10)

0.011

Last day 301
3 (1–6)

131
6 (4–14)

*P values denote differences in the change of medication orders (last day\
first day) between patients who died in the ICU versus the pediatric ward
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sary for a dying child. Second, we compared medication orders 
only at two time points (first and last day of hospitalization) and 
did not examine medication burden throughout the hospitaliza-
tion. Furthermore, the retrospective nature of our study makes it 
difficult to ascertain whether all prescribed drugs were actually 
delivered to patients, since it is possible that, in some instances, 
the condition of the patient deteriorated and prescription orders 
of certain medicines were not immediately cancelled. In any 
case, the written prescription reflects the prescribers' intentions, 
which was the main interest in this study.

We also did not take into consideration that different chil-
dren were treated by different doctors, and it is possible that the 
personal experience and views of these doctors influenced the 
medical management in every given case in different ways. For 
example, a pediatric oncologist trained in palliative medicine 
may treat the same patient differently than colleagues without 
this training.

Another drawback is the relatively small cohort, which did 
not always allow meaningful statistical analyses in subgroups 
classified by parameters such as disease category or DNR 
status; therefore, our findings are preliminary and not defin-
itive. Reflecting the large between-patient variability in our 
cohort, there was a wide range of different medications admin-
istered, many of them only in a few patients, and we therefore 
grouped those as other medications. Cumulatively, this group 
of medications was comparatively large, but the many small 
subgroups did not allow meaningful analyses by its different 
components.

Despite the preliminary nature of this retrospective study in 
a small cohort, we believe that we can still make some recom-
mendations for clinical practice. First, and most important, is 
the priority to preserve quality of life up to the very end of life, 
in fact, to ensure quality of death. No other concerns should pre-
vail over the proper management of pain, nausea, vomiting, and 
other distressing symptoms and signs in the context of incurable 
cancer in a child at the end of life. Constant efforts should be 
made to improve communications between the suffering family 
and the medical and psychosocial staff, to develop and constant-
ly adjust a mutually acceptable intent of treatment in order to 
prevent the unnecessary transfer of a dying child to the ICU, 
and to avoid administration of non-essential drugs in this situa-
tion. Furthermore, close collaboration between physicians with 
clinical pharmacists and a pharmacologist may further facilitate 
rational drug prescription and administration in these very com-
plicated situations.

CONCLUSIONS

Polypharmacy is ubiquitous among pediatric oncology patients 
at EOL. Disease type and DNR status may affect medication 
burden and deprescribing during the last hospitalization. Future 
studies are required to better characterize medication adequacy 
and to define rational medication use at the end of life.
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