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Chapter 5

Abstract

In an effort to prevent or reduce anthracycline-induced cardiotoxicity, liposomal anthracy-
clines have been developed. The objective of this systematic review was to summarize all
available evidence on the benefits and risks of liposomal anthracyclines in children with
cancer.

We searched databases (MEDLINE (1966-September 2009), EMBASE (1980-September
2009) and CENTRAL (The Cochrane Library, issue 3 2009)), reference lists of relevant articles
and ongoing trial databases for relevant studies. Two reviewers independently performed
study selection, data extraction and quality assessment of included studies.

No randomized controlled trials (RCTs) or controlled clinical trials (CCTs) were found.
Fifteen observational studies described the use of liposomal anthracyclines in children with
cancer. Most patients had been treated extensively in the past. Some patients developed
cardiotoxicity, serious allergic reactions, mucositis, infections, hematotoxicities and/or
hepatotoxicity after single agent treatment. However, due to the low quality of the cur-
rently available research, it is unclear what the exact risks are.

In conclusion, there is no evidence available from RCTs or CCTs about the benefits
and risks of liposomal anthracyclines in children with cancer. Limited data from observa-
tional studies suggests that children treated with liposomal anthracyclines are at risk for
developing cardiotoxicity and other serious toxicities. There is an urgent need for results
of well-designed studies which accurately evaluate the benefits and risks of liposomal
anthracyclines in children with cancer. Until high quality evidence is available, we recom-
mend monitoring of cardiac function in childhood cancer patients treated with a liposomal
anthracycline and awareness of other serious toxicities.
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Introduction

Anthracyclines have gained widespread use in the treatment of numerous childhood ma-
lignancies.' 2 Unfortunately, their use is limited by the risk of cardiotoxicity. Anthracycline-
induced cardiotoxicity can become manifest as either asymptomatic cardiac dysfunction
or as clinical heart failure and can occur during but also many years after treatment.? 3
It is estimated that 20 years after treatment, almost 10% of childhood cancer survivors
treated with anthracycline doses of >300 mg/m? will have developed clinical heart failure.?
Additionally, asymptomatic cardiac dysfunction is described in up to 57% of anthracycline-
treated survivors and is often progressive.>#

In an effort to prevent or reduce anthracycline-induced cardiotoxicity, liposomal-
encapsulated anthracyclines have been developed.® Intravenously administrated liposomes
cannot escape the vascular space in sites that have tight capillary junctions, such as in the
heart muscle. They do exit the circulatory system in tissues and organs with cells that are
not tightly joined or through areas where capillaries are disrupted by, for example, tumour
growth. Thus, changes in tissue distribution of liposomal anthracyclines lead to less drug
exposure in sensitive organs and more drug activity in tumour cells.® Therefore, liposomal
anthracyclines are expected to be less cardiotoxic and have at least similar anti-tumour
activity compared to conventional anthracyclines. This was confirmed in pre-clinical stud-
ies.” & Also, a systematic review of randomized controlled trials (RCTs) showed that in
adults with solid tumours liposomal-encapsulated doxorubicin was associated with less
cardiotoxicity and no difference in tumour response and survival compared to conventional
doxorubicin.®> In this systematic review no RCTs in children were identified.

Liposomal anthracyclines can also have other side-effects. Common side-effects in
adults are allergic reactions and hand-foot syndrome (HFS), a dermatologic toxic reaction
that can lead to considerable discomfort.>

Before promising new drugs such as liposomal anthracyclines can be recommended as
standard treatment in children, the treatment efficacy and toxicity in that patient popula-
tion should be studied and summarized. The different underlying cancers, the different
body composition and the developmental changes children undergo make it impossible to
reliably extrapolate results from adults to children.™ For toxicities, this evidence does not
have to be derived from RCTs or clinical controlled trials (CCTs) only, since observational
study designs can provide credible evidence on adverse effects of treatment.'? '* Thus far,
an overview of other studies than RCTs in children treated with liposomal anthracyclines
is lacking.

The objective of this systematic review was to summarize all available evidence on
the benefits and risks of liposomal anthracyclines in childhood cancer patients regarding
survival, tumour response, cardiotoxicity and other adverse effects.
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Methods

Identification of studies
First, the databases of MEDLINE (1966-September 2009), EMBASE (1980-September 2009)
and CENTRAL (The Cochrane Library, issue 3 2009) were searched for potentially relevant
articles. The search strategy for MEDLINE is listed in Table 1. For the other databases we
used adaptations of this strategy. They can be obtained from the corresponding author.

Second, articles were selected on the basis of title and abstract by two independent
reviewers (ES, EvD) using the following inclusion criteria: (1) study population contained
patients aged <21 years treated with a liposomal anthracycline for any type of childhood
malignancy (if patients >21 years were included, the study was only eligible for inclusion
if data for patients <21 years were presented separately), (2) original research (all types
of study design) and (3) written in English, Dutch, French or German. If the abstract was
unavailable electronically or if it provided insufficient information, we retrieved the full text
paper for more detailed examination.

Third, all selected articles were assessed in full text by two reviewers (ES, EvD) to ensure
eligibility.

Finally, information on studies not registered in the electronic databases was located
by scanning the reference lists of relevant articles (ES, EvD) and reviews (ES). We searched

Table 1 Search strategy for MEDLINE/PubMed

# Search

1. caelyx OR liposomal doxorubicin OR doxorubicin, liposomal OR doxil OR DOX-SL OR DOX SL OR
PLDH OR PLD OR myocet OR NPLD

2. (adriablastin* OR adriamycin OR doxorubicin OR adriamyc* OR doxorubic* OR doxorubicin hydro-

chloride OR hydrochloride, doxorubicin) AND (pegylated OR pegyl* OR encapsulated OR encapsul*
OR liposomal OR liposom* OR non-pegylated OR non-pegyl*)

daunoxome OR daunosom* OR daunoxom*

4. (dauno-rubidomycine OR dauno rubidomycine OR rubidomycin OR rubomycin OR daunomycin*
OR cerubidine OR daunoblastin* OR daunorubicin hydrochloride OR hydrochloride, daunorubicin
OR daunorubic* OR rubidomyc*) AND (pegylated OR pegyl* OR encapsulated OR encapsul* OR
liposomal OR liposom* OR non-pegylated OR non-pegyl*)

5. #1 OR #2 OR #3 OR #4

6. infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies OR
neonat* OR child OR child* OR schoolchild* OR schoolchild OR school child OR school child* OR
kid OR kids OR toddler* OR adolescent OR adoles* OR teen* OR boy* OR girl* OR minors OR
minors* OR underag* OR under ag* OR juvenil* OR youth* OR kindergar* OR puberty OR puber*
OR pubescen* OR prepubescen* OR prepuberty* OR pediatrics OR pediatric* OR paediatric* OR
peadiatric* OR schools OR nursery school* OR preschool* OR pre school* OR primary school* OR
secondary school* OR elementary school* OR elementary school OR high school* OR highschool*
OR school age OR schoolage OR school age* OR schoolage* OR infancy OR schools, nursery OR
infant, newborn

7. #5 AND #6
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for ongoing trials by scanning the ISRTCN and National Institute of Health registers (www.
controlled-trials.com; September 2009; ES, EvD).

We calculated inter-observer agreement for the second and third part of the selection
process.

Data extraction

From included studies, two independent reviewers (ES, EvD) abstracted information about
design, study population, current treatment, previous cardiotoxic treatment (anthracyclines
and/or mediastinal radiotherapy, defined as irradiation of the mediastinum, thorax, spine,
left or whole upper abdomen or total body irradiation), duration of follow-up and defini-
tion and quantification of outcomes (tumour response, survival and toxicities).

Quality assessment

To determine the quality of selected studies, two independent reviewers (ES, EvD) assessed

the internal and external validity of each study with the exception of case-reports. The used

criteria are described in Table 2 and are based on Evidence-Based Medicine criteria.' 1>
Discrepancies between reviewers during the review process were solved by discussion.

Table 2 Quality assessment criteria

Internal validity

1. Selection bias
Study design:
e Adequate (+): if study was a randomized controlled trial
Study population

e Representative (+): if the study population consisted of more than 90% of the patients treated
with liposomal anthracyclines included in the original cohort or if it was a random sample of
these patients with respect to important prognostic factors (cumulative anthracycline dose,
radiotherapy involving the heart)

2. Performance bias
Blinding of health care providers:?
e Adequate (+): if health care providers were blinded to the intervention
Blinding of patients:?
e Adequate (+): if patients were blinded to the intervention
3. Attrition bias (evaluated for each outcome separately)
Follow-up assessment:

o Complete (++): if the outcome was assessed at the end date of the study for more than 90%
of the study group of interest

o Adequate (+): if the outcome was assessed at the end date of the study for 60-90% or more
than 90% but with an unknown end date of the study

4. Detection bias (evaluated for each outcome separately)
Blinding of outcome assessor to prognostic factors
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Table 2 Quality assessment criteria (continued)

Internal validity

e Adequate (+): if the outcome assessors were blinded with regard to important prognostic fac-
tors (cumulative anthracycline dose, mediastinal radiotherapy)

External validity

1. Study group
Patient characteristics

e Well-defined (+): if mean, median or range of the cumulative anthracycline dose were men-
tioned and if it was described what other (prior) cardiotoxic treatment (i.e. the number of
patients treated with anthracyclines and/or radiotherapy involving the heart region including
the received dose) was given

Start of follow-up

o Well-defined (+): if follow-up started at the start of liposomal anthracycline treatment or a
fixed point thereafter

2. Duration of follow-up
Follow-up characteristics
o Well-defined (+): if the mean, median or range of follow-up is mentioned
3. Outcome
Survival
o Well-defined (+): if the definition of survival used in the study was provided
Tumor response
o Well-defined (+): if the definition of tumor response used in the study was provided
Cardiotoxicity

e Well-defined (+): if an objective definition of outcome criteria was used. In case of clinical
heart failure or cardiac death, outcome was considered to be objective if clinical signs and
symptoms used for the diagnosis were described and the diagnosis was verified by a diagnos-
tic test. In case of asymptomatic cardiac dysfunction, outcome was considered to be objective
if it was mentioned which test parameters were used and a definition for values considered to
be abnormal was given.

Other toxicities grade >lIl

o Well-defined (+): if the definition of other toxicities used in the study was provided (for each
described toxicity separately)

2 ltems only relevant for studies with a control group

Data analyses
We planned to perform meta-analyses if the included studies were of good methodological
quality and if the various study groups were comparable with regard to age, sex, tumour
diagnosis, treatment, used outcome definitions and length of follow-up. Otherwise, we
summarized the results descriptively.

We presented data on treatment efficacy (i.e. survival and tumour response) only when
RCTs or CCTs were available. Data on toxicities were presented independent of study
design.

110



Systematic review liposomal anthracyclines in children

Results

Identification of studies

The searches in the electronic databases identified 421 potentially relevant articles, of
which 359 were excluded based on screening of titles and abstracts. We retrieved 62
articles in full text for more detailed examination (inter-observer agreement 97.9%), of
which 13 met all inclusion criteria. During handsearching the reference lists of relevant
articles and reviews, we identified 7 potentially relevant studies, which we retrieved in full
text. Two more studies could be included. Scanning the ongoing trials registers retrieved
three ongoing trials. One additional ongoing trial was provided by an expert in the field
(Table 3). Thus, 15 studies were included (inter-observer agreement 95.2%) (Figure 1).6-°
The other 413 articles were excluded since they were a laboratory or animal study, did not
describe liposomal anthracyclines, did not include childhood cancer patients, were not
published in English, Dutch, French or German or lacked separate data on children.

Potentially relevant articles identified in

the electronic databases (n=421)

- Articles excluded on basis of

Inter-observer " title and abstract (n=359)
agreement: 97.9%

\4

Articles retrieved in full text for more

detailed examination (n=62)

Additional articles retrieved after

A

handsearching reviews and

included studies (n=7)

Inter-observer

agreement: 95,2%

Articles excluded (n=54)

\4

Articles meeting all inclusion

criteria (n=15)

Figure 1 Selection of articles

Description of included studies
Study characteristics and results of included studies are presented in Table 4.
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General

Two of the 15 studies were only available as an abstract.'® 2¢ There were nine prospective
cohort studies, 618 21-24.26.27 two retrospective cohort studies,?* 2° three case-reports,'® 20 30
and one study with an unclear design.?® We did not identify any RCT or CCT. None of
the studies included a formal control group, but one study retrospectively reported on 3
patients treated with conventional anthracyclines and 1 patient with a liposomal anthracy-
cline due to previous cardiotoxicity.?

In total, 214 childhood cancer patients treated with liposomal anthracyclines were
included (range 1 to 69 per study). Included patients had several types of childhood can-
cer, the majority of which was relapsed or refractory to previous treatment. Six studies
included patients diagnosed with leukaemia (i.e. acute lymphoblastic leukaemia and/or
acute myeloid leukaemia).’® 72528 Three studies included patients with various types of
central nervous system tumours.' 2" 2° In the remaining six studies patients with various
types of solid tumours were included.® 20 22-24. 30

Different liposomal anthracyclines were studied, i.e. liposomal daunorubicin, pe-
gylated liposomal doxorubicin and liposomal doxorubicin. In five studies it was given as
a single agent.'® 224 |n the other studies patients received >1 other chemotherapeutic
agents,'7-20.2530 including a conventional anthracycline in three studies.'® 273 In one case
report a child was treated with liposomal doxorubicin for the primary disease and with loco-
regional conventional doxorubicin for refractory disease.'® Radiotherapy was not given.
Nine studies reported the range, mean and/or median cumulative liposomal anthracycline
dose, 8 19.21.24.27-29 or the dose patients should have received according to protocol.?> 26

Eleven studies provided information on previous anthracycline treatment.'s24 2630 |n
three studies no previous anthracycline therapy was given.’ 2030 |n eight studies 14 to
100% of patients were previously treated with anthracyclines.'s-'8 212426 Four studies
provided the previous cumulative dose: range 60 to 450 mg/m?.2-?4 Eight studies reported
on previous mediastinal radiotherapy.'®?> 2> 30 |In four studies no previous mediastinal
radiotherapy was given.'®20.30 In four studies previous mediastinal radiotherapy was given
to at least 9% to 100% of patients (doses not provided).?'-23 2>

Eight studies mentioned previous cardiac dysfunction,'”-'®22-2>.29 based on echocardio-
graphic definitions (six studies),'®22:252° or on signs of clinical heart failure (two studies)."”
One patient had echocardiographic cardiac dysfunction prior to the current study.?

Duration of follow-up was reported in ten studies and ranged from 1 to 58+
months.'6-22:25.27.30 |n 3| ten studies the follow-up started at the beginning of the described
treatment‘16—22, 25,27, 30

Survival and tumour response
Since no RCTs or CCTs were identified, we could not summarize the effect of liposomal
anthracyclines on survival or tumour response.
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Cardiotoxicity
Eleven studies evaluated the cumulative incidence of clinical and/or asymptomatic cardio-
toxicity during or after liposomal or conventional anthracycline treatment. 619 21-24. 27-29 |¢
ranged from 0% to 67%. In 6 studies (1 to 22 patients), none of the children developed
cardiotoxicity (median follow-up time 12 — 56 months in 3 studies, in 3 studies not men-
tioned).17-1%23.24.29 |n the remaining 5 studies the cumulative incidence of asymptomatic
or grade | or Il cardiotoxicity ranged from 5 to 67% (9 to 69 patients; median follow-up
time in 3 studies 4 — 27.6 months, >30 days in one study and not mentioned in one
study).'® 21.22.27. 28 Clinical cardiotoxicity was diagnosed during treatment in 2 patients (1
study; 48 patients). Both died as a result of cardiotoxicity.?> One of these two patients de-
veloped cardiotoxicity following a second “off study” course of liposomal daunorubicin.??
For three of the patients that developed cardiotoxicity (all asymptomatic) it is certain that
they did not receive prior cardiotoxic treatment. They all received single-agent treatment
with liposomal daunorubicin and developed cardiotoxicity during treatment.?!22 Definitions
of cardiotoxicity were given in ten studies and varied among these studies. 619 21-24.27.29

Other toxicities
Eleven studies reported on the occurrence of at least one other toxicity >grade
[1].16.18.19.21-25, 2729 Nine of these stated a definition of toxicities, which varied among stud-
ies.16, 18, 21-25, 27, 29

Two studies (8 and 22 patients) provided data on HFS grade IIl or IV.2%?° In both studies
it did not occur.?32°

Five studies (8 to 48 patients) reported allergy grade Il or IV during treatment, ranging
from 4 to 12.5%.2224.28.2% |n three studies (with allergy reported in 0, 4 and 9%) the allergy
occurred after single-agent treatment with liposomal anthracyclines.?2-24

Eight studies (1 to 69 patients) provided data on treatment-related death, which oc-
curred in 0% to 44 % of patients.'®21.22.24.25.2729 Patients in the study with 44% treatment-
related deaths (out of 9 patients) all died because of transplant-related causes.?® Of the
remaining seven studies, five reported no deaths, 2" 2425 2% and two studies reported
4% of deaths in 48 and 69 patients.?> %’ In one of these studies the deaths occurred after
single-agent treatment, both deaths due to cardiotoxicity.??

For more information on other toxicities we refer to table 4. In patients treated with
single-agent liposomal anthracyclines some patients developed >grade Ill hematotoxicity,
mucositis, infections and/or hepatotoxicity.
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Quality assessment
We assessed the quality of all study designs with the exception of case reports, i.e. in
twelve studies.'®"8 2122 AJ| studies had methodological limitations (Table 5).

Internal validity

The risk of selection bias was low in most studies. In ten studies the study cohort was
representative (i.e. >90% of the original cohort).'® 18.21.22.2429 |n the two remaining studies
this was unclear.'” 2? Since the included studies were no controlled trials, assessment of
blinding of patients and care providers (performance bias) was not applicable. In six studies
there was no or a low risk of attrition bias, since follow-up was complete for all reported
outcomes at the end date of the study (one study),?' or with outcome assessments in
more than 90% of the cohort but with an unknown end date of the study (five stud-
ies).17:18.22.24.25 |n the remaining five studies attrition bias could not be ruled out for some of
the reported outcomes.'® 23.27-29 Detection bias could not be ruled out in 11 of the studies,
since it was unclear if blinding of outcome assessors with regard to prognostic factors was
performed.6-8 21-25.27-29 |n one study toxicities were not reported and therefore attrition
and detection bias were not applicable.?®

External validity

The external validity varied among included studies. The study group was not well-defined
in all studies: none of the studies described the mean, median or range of the cumu-
lative anthracycline dose and what other (prior) cardiotoxic treatment was given to the
study group. From all studies it could be extracted what the starting point of follow-up
was,'®18 2122 byt in only six studies the mean, median or range of follow-up was men-
tioned.'®18:21.25.27 |n seven studies the reported toxicities were well-defined.® 18 21-24.29 |
four studies one or more of the reported outcomes were not well-defined.'”- 25 27. 28 |n the
remaining study toxicities were not reported.?®

Meta-analyses

Many studies did not report all data needed to adequately evaluate the comparability of
the various study groups. Furthermore, all included studies had methodological problems.
Due to the associated high risk of bias, we did not perform meta-analyses.

Discussion

In this systematic review we evaluated all available evidence on the benefits and risks of
liposomal anthracyclines in childhood cancer patients. There is no evidence available from
RCTs or CCTs. It is therefore impossible to know whether there are differences in outcomes
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between conventional and liposomal anthracyclines or between different liposomal an-
thracycline derivates. Thus far, only observational studies in cohorts of children with cancer
have been reported. For the evidence on the adverse effects of liposomal anthracyclines
observational studies can be useful.'> > We found that children are still at risk for develop-
ing cardiotoxicity and also for grade >lIl allergies, hematotoxicities, mucositis, infections
and/or hepatotoxicity, since these toxicities occurred in children treated with single-agent
treatment with a liposomal anthracycline. However, the exact cumulative incidence of these
toxicities is difficult to estimate due to the generally low quality of the included studies
and the lack of comparison groups. With regard to the risk of HFS and treatment-related
death associated with liposomal anthracyclines, no definitive conclusions can be made.
None of the studies in this review showed patients with grade >Ill HFS after single-agent
treatment with liposomal anthracyclines, but due to the low numbers of patients HFS can
not be excluded. Two treatment-related deaths occurred after single-agent treatment (due
to cardiotoxicity) in two patients, but both had previously been treated with cardiotoxic
treatment and we therefore can not conclude that it was exclusively caused by the liposo-
mal anthracycline treatment.

All studies had some methodological problems. Especially detection bias could not be
ruled out and in approximately half of the studies there was a risk of attrition bias. In none
of the studies the study group was well-defined, which makes it difficult to extrapolate the
results to future childhood cancer patients. In all studies at least part of the patients were
treated with previous potentially cardiotoxic treatment, but necessary details were not
provided. Therefore, it is difficult to comment on the degree of cardiotoxicity attributable
to liposomal anthracyclines alone. Also, it is difficult to distinguish between early and late
cardiotoxicity; early cardiotoxicity occurs during anthracycline therapy or in the first year
after its completion, late cardiotoxicity refers to heart damage that only shows itself at
least one year after the completion of anthracycline therapy.>' In patients who developed
cardiotoxicity after the current liposomal anthracycline treatment, but who were previously
treated with cardiotoxic treatment it is impossible to state they developed early or late
cardiotoxicity. Only for 3 patients that developed cardiotoxicity after treatment with lipo-
somal anthracyclines it is completely clear that they did not receive prior or concomitant
cardiotoxic treatment; they all developed early cardiotoxicity. In all studies, patients were
followed from the start of liposomal anthracycline treatment onwards, thus represent-
ing the true cumulative incidence of reported outcomes. However, in only half of the
studies the duration of follow-up was well-defined. Also, the duration of follow-up was
very heterogeneous, ranging from 1 to 58+ months. It is therefore difficult to extrapolate
the results found in these studies to children with longer follow-up. Finally, only 7 of 11
studies used an objective outcome definition for the reported toxicities. When an objective
outcome definition is lacking, it is impossible to relate a study finding to individual patients
treated with liposomal anthracyclines. Other items that are important for the extrapolation
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of study results to individual patients, although not included in our quality assessment, are
tumour diagnosis, stage of disease and concomitant cancer treatment. Patients included
in this review were very heterogeneous with regard to these items. Most patients were
diagnosed with refractory or relapsed disease. In general, these patients have a short life
expectancy and it is difficult to extrapolate results found in these studies to children with a
better life expectancy, who might, for example, be at risk for late cardiotoxicity.

Before any definitive conclusions can be made about the use of liposomal anthracyclines
in children, high quality studies need to be undertaken. These studies should preferably be
RCTs, since it is widely recognized that that is the only study design which can be used to
obtain unbiased evidence on the efficacy of treatment, provided that design and execution
are adequate. We are currently awaiting the results of 2 ongoing RCTs. For the long-term
risk of adverse effects of liposomal anthracyclines, such as cardiotoxicity, adequate studies
with long follow-up and within well-defined study populations should be done. When
efficacy and safety of liposomal anthracyclines is proven, new RCTs are needed to identify
the most effective and safest liposomal anthracycline derivate in children.

In conclusion, there is currently no adequate evidence on the effect of liposomal
anthracycline treatment in children on survival and tumour response. Observational stud-
ies showed that children treated with liposomal anthracyclines are at risk for developing
cardiotoxicity and other serious toxicities. However, it is unclear what the exact cumulative
incidence of adverse effects is and if the risk of cardiotoxicity is lower than that associ-
ated with conventional anthracyclines. It is therefore too early to conclude that liposomal
anthracyclines are a better treatment option than conventional anthracyclines in children.

As more high quality evidence becomes available clinicians can make well-informed
decisions about the treatment of childhood cancer patients with liposomal anthracyclines
and adequate follow-up protocols. Until then, we recommend monitoring of cardiac func-
tion in children treated with a liposomal anthracycline and awareness of serious toxicities.
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