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Abstract
We aimed to provide recommendations on the infusion duration of anthracycline chemotherapy

agents in children with cancer. This study also serves as a practice example of the essential steps

that need to be taken when using a previously published systematic review to develop a high-

quality clinical practice guideline. Although evidence was scarce and included adult studies, the

panelwas able (using theGrading of RecommendationsAssessment,Development andEvaluation

evidence-to-decision framework) to recommend in favor of an anthracycline infusion duration of

at least 1 hr (strong recommendation, very low to moderate quality of evidence). Recommending

a precise optimal prolonged infusion duration was currently not possible.

K EYWORDS

anthracyclines, cardiotoxicity, chemotherapy, guideline, pediatric oncology, supportive care

1 INTRODUCTION

Anthracycline chemotherapy agents are widely used in the treat-

ment of various types of solid and hematologic childhood malig-

nancies. A well-known and potentially severe side effect of this

class of chemotherapeutic agents is cardiotoxicity.1,2 More than 1 in

every 20 children who receive 300 mg/m2 anthracycline therapy for

Abbreviations: CPG, clinical practice guideline; EtD, evidence to decision; GRADE, Grading of

Recommendations Assessment, Development and Evaluation; PICO, Patient Intervention

Control Outcome; RR, relative risk

childhood cancer will develop clinical heart failure in the 20 years

after treatment.3 Subclinical cardiac dysfunction is even more preva-

lent, with studies reporting occurrence of subclinical cardiac dysfunc-

tion after anthracycline therapy in more than half of healthy survivors

of childhood cancer.4,5 As children have a long life expectancy when

they are cured, these cardiotoxic effects imply a serious burden of

disease.

To reduce the cardiotoxicity, various strategies have been stud-

ied. These comprise (1) change of agents, that is, different anthracy-

cline derivates or omissionof anthracyclines altogether, (2) administra-

tion of cardioprotective agents, or (3) change of anthracycline dosage
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schedules.6–12 The latter canbe subdivided into a reductionof thedose

or a prolongation of the infusion time.

The rationaleof extending the infusionduration for avoidinganthra-

cycline cardiotoxicity relies mainly on a longer but lower peak anthra-

cycline dose. An important question iswhat effects thiswill have on the

primary effect of anthracyclines, that is, the antitumor efficacy, and on

other side effects such as nausea, alopecia, bone marrow depression,

and natural cardiotoxicity.

At this moment, there is no clinical practice guideline (CPG) that

provides recommendations regarding infusion duration of anthracy-

cline chemotherapy in children.With this document, we aim to provide

clinicians with an overview of the current evidence and to offer guid-

ance with regard to infusion duration of anthracycline chemotherapy

in children with cancer. Also we aim to show how a published system-

atic review can be used in developing a high-quality CPG, as there are

several essential steps that need to be taken before recommendations

can be formulated.

2 METHODS

More extensive details regarding the methodology can be found in

SupplementaryMaterial S1.

2.1 Guideline development panel

A multidisciplinary panel was formed, comprising Dutch individuals

from all relevant fields. In total, the panel consisted of 15 members:

two parent representatives from a national childhood cancer foun-

dation, six pediatric oncologists, an oncologist (specialized in child-

hood cancer late effects), a pediatric cardiologist, a clinical pharmacist,

three epidemiologists/guideline specialists, and a PhD student. Three

of them were also authors of a 2016 Cochrane review on anthracy-

cline chemotherapy infusion duration in cancer patients.12 The parent

representatives were not involved in the identification and appraisal

of evidence, as this required specific (medical) knowledge. They did,

however, receive a short guideline development training andwere then

involved in the processes of defining the hierarchy of outcomes, com-

pleting the evidence to decision (EtD) frameworks and formulating the

recommendations. Their input and votes were weighed in a similar

fashion as those by the care professionals involved.

2.2 Clinical question

The central Patient-Intervention-Control-Outcome (PICO) question in

this CPG was What is the effect on cardiotoxicity, that is, clinical and

subclinical heart failure, and what are the other effects, that is, tumor

response, progression-free survival, overall survival, adverse effects

other than cardiac damage, and quality of life, (O) of a prolonged infu-

sion duration of anthracycline chemotherapy (I) compared to a shorter

infusion duration of anthracycline chemotherapy (C), in children with

cancer (P)? The central PICO was divided into two PICOs, the first

focusing on a push infusion (comparison of a ≥1 hr infusion duration

with a push infusion, the latter defined as an infusion duration shorter

than 1 hr), the second focusing on establishing a more specific pro-

longed infusion time (comparison of a ≥6 hr vs. a 1–6 hr infusion dura-

tion, similar to themain question in the Cochrane review).12

2.3 Evidence search, selection, and appraisal

The Cochrane reviewwas the starting point for the evidence search.12

In an update search, we searched the electronic databases of MED-

LINE/PubMed and EMBASE/Ovid, and the International Standard

Randomised Controlled Trial Number registry for ongoing trials. After

dual evidence selection, the evidence was appraised and summarized

in comprehensive evidence summaries. For quality appraisal, theGrad-

ing of Recommendations Assessment, Development and Evaluation

(GRADE) systemwas used.13,14

2.4 From evidence to recommendations

During an in-person group meeting, several steps were undertaken in

the process of formulating the recommendations in accordance with

the GRADE method.15 Most importantly, the hierarchy of the out-

comes was defined and for each PICO an EtD frameworks was com-

pleted. The EtD framework provides a systematic and transparent

approach to formulating healthcare recommendations. From the EtD

frameworks, overall conclusions were formulated, fromwhich the rec-

ommendationswere derived. All final recommendations had to be sup-

ported unanimously.

Decisions were taken through group discussion and consensus. In

all steps, but the formulation of final recommendations, a voting pro-

cedure was performed (majority voting system) in case of absence of

unanimity.

3 RESULTS

In the search update, 152 citations were retrieved. No new relevant

studies were identified that were not already included in the Cochrane

review.

3.1 Included studies

In all, seven studies were included.11 Three studies comprised only

children (n = 343), of which long-term follow-up data were published

for one study (n = 92).7,16–18 Four studies (n = 436) were categorized

as adult studies.19–22

3.2 Description of the evidence

See also Tables 1–3 for a full description of the evidence per PICO

(an evidence table for adult studies regarding ≥6 hr versus 1–6 hr

anthracycline infusion duration was not prepared, since no adult

studies were included for this question).

For the first PICO (≥1 hr vs. push infusion), four adult stud-

ies (n = 436) and two pediatric studies (n = 165) were included

(Tables 1 and2). Most importantly, regarding clinical heart failure, in a
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TABLE 1 PICO 1≥1 hr versus push, evidence table for pediatric studies that examined this question

Outcome
Number of
studies

Number of
participants

Follow up
(median, range)

Anthracycline,
cumulative dose in
mg/m2 (median),
infusion times Events

Statistical
method Effect size

Quality of
evidence

(1) Clinical heart
failure

17 121 1.5 years, 0–4.7
yearsa

Doxorubicin,
340 versus 336,
48 hr versus less
than 1 hr (“basically
within 15min”)

0/57
versus
0/64

Risk ratio
(95%CI)

Not
estimable

⊕⊕○○
LOWd

(2) (Sub)clinical
heart failure
combined

0

(3) Subclinical
cardiac
dysfunction as a
continuous
outcome

2 (pooling not
possible)7,18

(1) 44
(2) 121

(1) 54+months
(minimal 25+
months)

(2) 1.5 years,
0–4.7 yearsa

(1) Daunorubicin,
400 versus 360,
48 hr versus push

(2) Doxorubicin,
340 versus 336,
48 hr versus less
than 1 hr (“basically
within 15min”)

(1)Median
change in
LVSF+1
versus
–6.5

(2) multiple
median
z-scoresb

(1) nm
(2) nm

(1) Signifi-
cance not
stated

(2) Not
significant

⊕⊕○○
LOWe

(4) Response rate 0

(5) Overall
survival

0c

(6) Adverse
effects other
than cardiac
damage

0

(7) Quality of life 0

aIn this study, long-term follow-up data were published in 2012; n = 92, follow-up median 8 years (range: 3–13 years): between continuous arm (48 hr)
or bolus arm (within 15 min) no differences in survival, LV echocardiographic characteristics, and LV structure and function were detected; also no clini-
cal cardiac disease was detected in any patient. Conclusion: “Continuous infusion of doxorubicin and other anthracyclines is currently included in pediatric
treatment protocols on the basis of results from short-term studies of adults that suggest continuous anthracycline infusion is cardioprotective. Given that
we found no difference in cardioprotection between continuous and bolus doxorubicin administration, and there was no difference in ALL event-free sur-
vival between the two arms, we encourage pediatric oncology providers treating children with high-risk ALL to minimize or eliminate the use of continuous
anthracycline infusion.”
bOnly a small percentage of the randomized participants were evaluated for this outcome (21–26%). Median Z score of different echocardiographic param-
eters (continuous infusion group vs. bolus group): diastolic dimension –0.23 versus –0.12, wall thickness –0.28 versus –0.32, systolic dimension 0.38 versus
0.85), left ventricular shortening fraction –1.77 versus –2.34, andmass –0.47 versus –0.65.
cOne pediatric study7 (n = 121) evaluated event-free survival (EFS); median follow up was 1.5 years (range: 0–4.7 years); EFS was 87.3% in the group with
an infusion time of 48 hr versus 89% in the group with an infusion time of less than 1 hr (“basically within 15 min”); difference was not significant (P = 0.50).
Quality of evidence= LOW4.
dGRADE quality assessment7 = study design is randomized trials, inconsistency and indirectness not serious, downgraded two levels because of serious risk
of imprecision (neither criterion for precision is met) and serious risk of bias (random sequence generation (selection bias) unclear, allocation concealment
(selection bias) low, performance bias high, detection bias unclear, attrition bias high, reporting bias high, other bias unclear); other considerations none.
eGRADE quality assessment7,18 = study design is randomized trials, inconsistency and indirectness not serious, downgraded two levels because of serious
risk of imprecision (neither criterion for precision is met) and serious risk of bias (random sequence generation (selection bias) unclear in 2/2, allocation
concealment (selection bias) unclear in 1/2, low in 1/2, performance bias unclear in 1/2, high in 1/2, detection bias unclear in 2/2, attrition bias low in 1/2,
high in 1/2, reporting bias high in 2/2, other bias unclear in 2/2); other considerations none.

meta-analysis of four adult studies (n = 436, 23 cases of heart failure),

an infusion duration of≥1 hr (vs. a push infusion) was associatedwith a

significant lower rate of clinical heart failure. Focusing on clinical heart

failure in pediatric studies (one study, n = 121), no cases of clinical

heart failure were reported. For subclinical cardiac dysfunction,

mixed results were found. For tumor response (two included adult

studies), overall survival (two included adult studies), and adverse

effects (one included adult study), no significant differences were

found.

For the second PICO (≥6 hr vs. 1–6 hr infusion duration), no adult

studies andonepediatric study (n=178)were included (Table 3). In the

included pediatric study, there were no cases reported for both clin-

ical and subclinical heart. This study also reported on response rate,

in which no significant difference was identified (within the follow-up

time of only 7 days).

3.3 Appraisal of the evidence

For all outcomes for which data were available, the quality of evidence

ranged from very low to moderate. As only randomized controlled tri-

als were included, the initial quality of evidence was regarded as high.

However, due to serious risk of imprecision and serious risk of bias,

outcomes for pediatric studies were downgraded two levels. Quality

of evidence for all outcomes of adult studies was downgraded two
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TABLE 2 PICO 1≥1 hr versus push, evidence table for adult studies that examined this question

Outcome
Number of
studies

Number of
partici-
pants

Follow up
(median,
range)

Anthracycline,
cumulative dose
infusion times Events

Statistical
method Effect size

Quality of
evidence

(1) Clinical heart
failure

4 19–22 (1) 82
(2) 52
(3) 62
(4) 240

(1) 50
months*,
nm

(2) nm
(3) nm
(4) nm

(1) Doxorubicin, nm
versus 420, 72 hr
versus 5–10min

(2) Epirubicin,
630 versus 540,
48 hr versus 15min

(3) Doxorubicin,
428 versus 410, 6 hr
versus 15–20min

(4) Doxorubicin,
221 versus 240,
96 hr versus bolus

(1) 2/43 versus
2/39

(2) 1/27 versus
3/25

(3) 0/31 versus
4/31

(4) 1/122 versus
10/118

Total= 4/223
versus 19/213

Risk ratio
(95%CI)

Total
0.27 (0.09–0.81)

⊕⊕⊕○
MODERATEa

(2) (Sub)clinical
heart failure
combined,
defined as:

(2.1)≥ 10%
decrease in
LVEF

121 82 50months*,
nm

Doxorubicin, nm
versus 420, 72 hr
versus 5–10min

16/43 versus
19/39

Risk ratio
(95%CI)

0.76 (0.46–1.26) ⊕○○○VERY
LOWb

(2.2)≥ 15%
decrease in
LVEF

120 52 nm Epirubicin,
630 versus 540, 48
hr versus 15min

1/27 versus 3/25 Risk ratio
(95%CI)

0.31 (0.03–2.78) ⊕⊕○○ LOWc

(2.3) a fall in LVEF
of> 20%

122 62 nm Doxorubicin,
428 versus 410,
6 hr versus
15–20min

0/31 versus 13/31 Risk ratio
(95%CI)

0.04 (0.00–0.60) ⊕⊕⊕○
MODERATEd

(2.4) A decrease in
LVEF

119 240 nm Doxorubicin,
221 versus 240,
96 hr versus bolus

6/122 versus
16/118

Risk ratio
(95%CI)

0.36 (0.15–0.90) ⊕⊕⊕○
MODERATEe

(3) Subclinical
heart failure as
a continuous
outcome

122 62 nm Doxorubicin,
428 versus 410,
6 hr versus
15–20min

Mean fall in
LVEF= 4% ver-
sus 17% and
6% versus 21%**

Wilcoxon
signed-rank
test

P< 0.001 (for
both doses)

⊕⊕○○ LOWf

(4) Response
rate***

219,20 (1) 52
(2) 240

(1) nm
(2) nm

(1) Epirubicin,
630 versus 540,
48 h versus 15min

(2) Doxorubicin,
221 versus 240,
96 hr versus bolus

1) 7/27 versus
3/25

2) 21/122 versus
20/118

Total=
28/149 versus
23/143

Risk ratio
(95%CI)

Total 1.20
(0.65–2.22)

⊕○○○VERY
LOWg

(5) Overall
survival

219,21 (1) 82
(2) 240

(1) 50
months,
nm

(2) nm

(1) Doxorubicin, nm
versus 420, 72 h
versus 5–10min

2) doxorubicin,
221 versus 240,
96 hr versus bolus

1) nm
2) nm

Hazard ratio
(95%CI)

1.42 (0.61–3.30) ⊕○○○VERY
LOWh

(6) Adverse
effects other
than cardiac
damage****

122 62 nm Doxorubicin,
428 versus 410,
6 hr versus
15–20min

0/31 versus 1/31 Risk ratio
(95%CI)

3.00,
(0.13–70.92)

⊕⊕○○ LOWi

(Continues)
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TABLE 2 (Continued)

Outcome
Number of
studies

Number of
partici-
pants

Follow up
(median,
range)

Anthracycline,
cumulative dose
infusion times Events

Statistical
method Effect size

Quality of
evidence

(7) Quality of life 0

*This is themedian follow up for surviving patients only.
**4% versus 17% is in the groupwith a cumulative anthracycline dose of 300mg/m2, and 6% versus 21% is in the groupwith a cumulative anthracycline dose
of 400mg/m2.
***Event is defined as complete or partial remission.
****One included study, which included fatal sepsis as the only adverse effect studied.
aGRADE quality assessment19,20, 21, 22 = study design is randomized trials, inconsistency not serious, downgraded two levels because of indirectness (adult
population) and serious risk of bias (randomsequence generation (selection bias) unclear in 3/4, high in 1/4, allocation concealment (selection bias) unclear in
2/4, high in 1/4, low in 1/4, performance bias unclear in 4/4, detection bias unclear in 4/4, attrition bias high in 1/4, low in 3/4, reporting bias high in 2/4, low
in 2/4, other bias unclear in 3/4, high in 1/4); other considerations none, upgraded one level for large magnitude of effect (relative risk [RR] < 0.5; although
the evidence is not direct, the panel felt that because the level of evidence is already downgraded for indirectness, upgrading for largemagnitude of effect is
justifiable).
bGRADE quality assessment21 = study design is randomized trials, inconsistency not serious, downgraded three levels because of serious risk of imprecision
(CI includes both a 25% benefit (RR 0.75) and a 25% harm (RR 1.25)), indirectness (adult population) and serious risk of bias (random sequence generation
(selection bias) unclear, allocation concealment (selection bias) unclear, performance bias unclear, detection bias unclear, attrition bias high, reporting bias
low, other bias unclear); other considerations none.
cGRADE quality assessment20 = study design is randomized trials, inconsistency not serious, downgraded three levels because of serious risk of imprecision
(CI includes both a 25% benefit (RR 0.75) and a 25% harm (RR1.25)), indirectness (adult population) and serious risk of bias (random sequence generation
(selection bias) unclear, allocation concealment (selection bias) unclear, performance bias unclear, detection bias unclear, attrition bias low, reporting bias
high, other bias high); other considerations none, upgraded one level for large magnitude of effect (RR < 0.5; although the evidence is not direct, the panel
felt that because the level of evidence is already downgraded for indirectness, upgrading for largemagnitude of effect is justifiable).
dGRADE Quality assessment22 = study design is randomized trials, inconsistency not serious, downgraded two levels because of indirectness (adult pop-
ulation) and serious risk of bias (random sequence generation (selection bias) high, allocation concealment (selection bias) high, performance bias unclear,
detection bias unclear, attrition bias low, reporting bias high, other bias unclear); other considerations none, upgraded one level for largemagnitude of effect
(RR < 0.5; although the evidence is not direct, the panel felt that because the level of evidence is already downgraded for indirectness, upgrading for large
magnitude of effect is justifiable).
eGRADE quality assessment19 = study design is randomized trials, inconsistency not serious, downgraded two levels because of indirectness (adult popu-
lation) and serious risk of bias (random sequence generation (selection bias) unclear, allocation concealment (selection bias) low, performance bias unclear,
detection bias unclear, attrition bias low, reporting bias low, other bias unclear), other considerations none, upgraded one level for large magnitude of effect
(RR < 0.5; although the evidence is not direct, the panel felt that because the level of evidence is already downgraded for indirectness, upgrading for large
magnitude of effect is justifiable).
fGRADE quality assessment22 = study design is randomized trials, inconsistency not serious, downgraded two levels because of indirectness (adult popu-
lation) and serious risk of bias (random sequence generation (selection bias) high, allocation concealment (selection bias) high, performance bias unclear,
detection bias unclear, attrition bias low, reporting bias high, other bias unclear); other considerations none.
gGRADE quality assessment19,20 = study design is randomized trials, inconsistency not serious, downgraded three levels because of serious risk of impreci-
sion (CI includesboth a25%benefit (RR0.75) anda25%harm (RR1.25)), indirectness (adult population) and serious risk of bias (randomsequencegeneration
(selection bias) unclear in 2/2, allocation concealment (selection bias) unclear in 1/2, low in 1/2, performance bias unclear in 2/2, detection bias unclear in
2/2, attrition bias low in 2/2, reporting bias low in 2/2, other bias high in 1/2, low in 1/2); other considerations none.
hGRADE quality assessment19,21 = study design is randomized trials, inconsistency not serious, downgraded three levels because of serious risk of impreci-
sion (CI includesboth a25%benefit (RR0.75) anda25%harm (RR1.25)), indirectness (adult population) and serious risk of bias (randomsequencegeneration
(selection bias) unclear in 2/2, allocation concealment (selection bias) unclear in 1/2, low in 1/2, performance bias unclear in 2/2, detection bias low in 2/2,
attrition bias unclear in 1/2, low in 1/2, reporting bias low in 2/2, other bias unclear in 2/2); other considerations none.
iGRADE quality assessment22 = study design is randomized trials, inconsistency not serious, downgraded three levels because of serious risk of imprecision
(CI includes both a 25% benefit (RR 0.75) and a 25% harm (RR1.25)), indirectness (adult population) and serious risk of bias (random sequence generation
(selection bias) high, allocation concealment (selection bias) high, performance bias unclear, detection bias unclear, attrition bias low, reporting bias high,
other bias unclear); other considerations none; upgraded one level for large magnitude of effect (RR> 2.0; although the evidence is not direct, the panel felt
that because the level of evidence is already downgraded for indirectness, upgrading for largemagnitude of effect is justifiable).

levels for indirectness and serious risk of bias. In addition, outcomes

thatmetneither criterion forprecisionweredowngradedanother level

for imprecision. The quality of evidence in five adult outcomes was

upgraded one level for largemagnitude of effect.

3.4 From evidence to recommendations

Outcomes were unanimously categorized with respect to importance

for decisionmaking; overall survival, clinical heart failure, progression-

free survival, and subclinical cardiac dysfunction were regarded as

critical for decision making, and adverse effects other than cardiac

damage, quality of life, tumor response, and costs were regarded as

important, but not critical for decisionmaking.

In Table 4, the overall conclusions from the completed EtD frame-

works are shown (the entire completed EtD frameworks are available

in SupplementaryMaterial S2).

Regarding PICO 1 (≥1 hr vs. push infusion), the problem was

regarded a priority and the overall certainty of the evidence was very

low tomoderate. The desirable anticipated effectswere probably large

and the undesirable effects were uncertain. The resources required

were expected to be probably not small, but the option was consid-

ered both acceptable for key stake holders and feasible to implement.
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TABLE 3 PICO 2≥6 hr versus 1–6 hr, evidence table for pediatric studies that examined this question

Outcome
Number of
studies

Number of
participants

Follow up
(median,
range)

Anthracycline,
cumulative
dose infusion
times Events Statistical method Effect size

Quality of
evidence

(1) Clinical heart
failure

116 178 7 days Daunorubicin,
36 versus 36,
24 hr versus
1 hr

0/93 versus 0/85 Risk ratio (95%CI) Not estimable ⊕⊕○○ LOWa

(2) (Sub)clinical
heart failure
combined

116 178 7 daysb Daunorubicin,
36 versus 36,
24 hr versus
1 hr

0/93 versus 0/85 Risk ratio (95%CI) Not estimable ⊕⊕○○ LOWa

(3) Subclinical
cardiac
dysfunction as a
continuous
outcome

0

(4) Response
ratec

116 178 7 days Daunorubicin,
36 versus 36,
24 hr versus
1 hr

51/93 versus
38/85

Risk ratio (95%CI) 1.23, 95%CI
0.91–1.66

⊕⊕○○ LOWa

(5) Overall
survival

0

(6) Adverse
effects other
than cardiac
damage

0

(7) Quality of life 0

aGRADEquality assessment16 = study design is randomized trials, inconsistency and indirectness not serious, downgraded two levels because of serious risk
of imprecision (neither criterion for precision is met) and serious risk of bias (random sequence generation (selection bias) unclear, allocation concealment
(selection bias) unclear, performance bias unclear, detection bias unclear, attrition bias high, reporting bias high, other bias unclear); other considerations
none.
bStudy performed between 1992 and 1994, article published in 2007, stating: “No specific analysis of toxicity was performed in this study. However, eval-
uation of the regular documentation form of the COALL study did not show more mucositis in the long-term infusion group. This form also asks for signs
of cardiac insufficiency. So far no patient in the randomized DNR infusion groups was reported to have developed clinical signs of cardiac insufficiency or
decrease in shortening fraction below 25%.”
cEvent is defined as good response.

In all, the panel felt that the desirable consequences (of a ≥1 hr infu-

sion duration vs. a push infusion) probably outweigh the undesirable

consequences in most settings. Due to the large effect on particularly

clinical heart failure in the adult studies, the panel was unanimous to

make a strong recommendation in favor of an infusion duration of 1 hr

or longer.

Regarding PICO 2 (≥6 hr vs. 1–6 hr), the problem was regarded

a priority and the overall certainty of the evidence was low. Due to

the very limited available evidence base and the uncertainty regarding

the effects, no recommendation regarding favorability of an anthracy-

cline infusion duration of 6 hr or more versus between 1 and 6 hr was

possible.

Therefore, the question regarding optimal prolonged anthracycline

infusion duration remains. Nevertheless, pediatric oncologists and pol-

icymakers have tomakeadecisiononwhat infusion time to implement.

The panel felt that clinicians can continue with their current practice

when this is not a push infusion (i.e., shorter than1hr). Useof resources

and (local) uniformity of care might be reasons to change this infusion

duration.

To be able to further specify the infusion period in the future, the

panel formulated a research recommendation for a large randomized

controlled trial aiming to explore optimal infusion times of anthracy-

cline chemotherapy in children with cancer (Table 5). Also, the panel

felt there is an urge to undertake anthracycline pharmacokinetic stud-

ies in children with cancer to help generate knowledge regarding opti-

mal infusion duration.

4 DISCUSSION

In this guideline effort, we aimed to develop recommendations for the

infusion duration of anthracycline chemotherapy and its effect on car-

diotoxicity in childrenwith cancer. In the end, the panel was not able to

recommend a specific prolonged infusion duration; however, a recom-

mendation in favor of an infusion duration ≥1 hr (compared to a push

infusion) was composed (strong recommendation, very low to moder-

ate quality evidence). In addition, the need for a large, randomized trial

exploring optimal infusionduration and for specific anthracycline phar-

macokinetic studies in children was also expressed by the guideline

panel.

There are various approaches to CPG development, in which a sys-

tematic review should always play a pivotal role. One can perform this
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TABLE 4 Overall conclusions and recommendations from the evidence to decision frameworks

PICO 1— infusion duration of anthracycline chemotherapy: 1 hr ormore versus push infusion

Undesirable
consequences
clearly outweigh
desirable
consequence in
most settings

□

Undesirable
consequences
probably
outweigh
desirable
consequences in
most settings

□

The balance
between
desirable and
undesirable
consequences is
closely balanced
or uncertain

□

Desirable
consequences
probably
outweigh
undesirable
consequences in
most settings

■

Desirable
consequences
clearly outweigh
undesirable
consequences in
most settings

□

We recommend
against offering
this option

□

We suggest not
offering this
option

□

We suggest
offering this
option

□

We recommend
offering this
option

■

Recommendation
(text)

We recommend an infusion duration of 1 hr or more for anthracycline chemotherapy in childrenwith cancer (strong
recommendation, very low quality evidence)

Justification The evidence has an overall very low confidence, for some outcomes (amongwhich the critical outcome clinical heart
failure) this confidence is moderate. The evidence of moderate quality shows that there is a significant reduction in
clinical heart failure (risk ratio 0.27, 95%CI= 0.09–0.81). According to these results supplementedwith the expert
knowledge represented in the panel, the panel felt that, although the undesirable consequences are still uncertain,
the option of prolonged infusion probably outweighs the option of a push infusion. Given the largemagnitude of
effect on clinical heart failure, the panel was unanimous tomake a strong recommendation in favor of an infusion
duration of 1 hr or longer.

Subgroup
considerations

None described.

Implementation
considerations

As the panel was not able tomake a recommendation other than a strong recommendation (based on very low to
moderate quality evidence) in favor of an infusion duration of 1 hr or longer, it seems logical for centers who do not
do a push (i.e.,< 1 hr) infusion to either continuewith their current approach or to uniform their approachwith other
adjacent centers.

Monitoring and
evaluation

None described.

Research
priorities

The panel felt a large randomized controlled trial is needed to explore optimal infusion times of anthracycline
chemotherapy in childrenwith cancer. Randomizing patients among two groups with an infusion duration of 1 hr
versus 6 hr, taking into account overall survival, clinical heart failure, subclinical cardiac dysfunction,
progression-free survival adverse effects other than cardiac damage, quality of life, tumor response and costs, would
be of great interest.

Specific anthracycline pharmacokinetic studies in childrenwith cancer might help generate knowledge regarding
optimal infusion duration (as clearance of anthracycline is different in children as compared to adults).

PICO 2—infusion duration of anthracycline chemotherapy: 6 hr ormore versus 1–6 hr

Undesirable
consequences
clearly outweigh
desirable
consequences in
most settings

□

Undesirable
consequences
probably
outweigh
desirable
consequences in
most settings

□

The balance
between
desirable and
undesirable
consequences is
closely balanced
or uncertain

■

Desirable
consequences
probably
outweigh
undesirable
consequences in
most settings

□

Desirable
consequences
clearly outweigh
undesirable
consequences in
most settings

□

We recommend
against offering
this option

□

We suggest not
offering this
option

□

We suggest
offering this
option

□

We recommend
offering this
option

□

Recommendation
(text)

No recommendation

Justification Only one study compared an anthracycline chemotherapy infusion time between 1 and 6 hr (in this case 1 hr) with an
infusion time longer than 6 hr (in this case 24 hr). This was a pediatric study. The reported outcomeswere clinical heart
failure (risk ratio not estimable) and tumor response (no significant differences). It should be noted that the follow-up
timewas very short, that is, 7 days. Given this extreme scarcity of evidence, the panel reluctantly had to admit that it
would not be able to formulate a recommendation for a specific time for anthracycline chemotherapy infusion of 1 hr
or longer.

(Continues)
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TABLE 4 (Continued)

PICO 2—infusion duration of anthracycline chemotherapy: 6 hr ormore versus 1–6 hr

Subgroup
considerations

None described.

Implementation
considerations

As the panel was not able tomake a recommendation other than a strong recommendation (based on very low
tomoderate quality evidence) in favor of an infusion duration of 1 hr or longer, it seems logical for centers
who do not do a push (i.e.,< 1 hr) infusion to either continuewith their current approach or to uniform their
approachwith other adjacent centers.

Monitoring and
evaluation

None described.

Research
priorities

The panel felt a large randomized controlled trial is needed to explore optimal infusion times of anthracycline
chemotherapy in childrenwith cancer. Randomizing patients among two groups with an infusion duration of
1 hr versus 6 hr, taking into account overall survival, clinical heart failure and subclinical cardiac dysfunction,
progression-free survival adverse effects other than cardiac damage, quality of life, tumor response and
costs, would be of great interest.

Specific anthracycline pharmacokinetic studies in childrenwith cancer might help generate knowledge
regarding optimal infusion duration (as clearance of anthracycline is different in children as compared to
adults).

TABLE 5 Key recommendations regarding the infusion duration of
anthracycline chemotherapy

Recommendation Type Strength Level of
evidence

We recommend in
favor of an
anthracycline
infusion duration of
at least 1 h in
childrenwith
cancer.

Clinical Strong Very low to
moderate

For anthracycline
chemotherapy
infusion durations
of 1 hr or longer, a
recommendation
for a specific
infusion duration is
at this moment not
possible.

n/a n/a Low

We recommend the
execution of specific
anthracycline
pharmacokinetic
studies in children
with cancer.

Research n/a n/a

We recommend a
large randomized
controlled trial to
explore optimal
infusion times of
anthracycline
chemotherapy in
childrenwith
cancer, taking into
account overall
survival, clinical
heart failure,
subclinical cardiac
dysfunction,
progression free
survival, adverse
effects other than
cardiac damage,
quality of life, tumor
response, and costs.

Research n/a n/a

systematic review themselves, or use an existing synthesis of knowl-

edge. The latter was the case on this topic, as a recently published

Cochrane review was used as a starting point for this guideline.13 This

is not only advantageous for theobvious reasonof convenience, butwe

also believe that with the transition of a systematic review to a CPG,

the translational gap between research and practice is bridged.

The transition of a systematic review to a CPG is however not a

matter of rewriting conclusions to recommendations. There are essen-

tial steps that need to be taken before formulating recommendations.

First, the search of the systematic review should be updated to guar-

antee no eligible studies are published after publication of the review.

Second, the quality of the evidence should be judged by assessing the

body of evidence per outcome (in line with the GRADE methodology),

whereas systematic reviews often limit quality appraisal to assessment

of bias per study. Third, the evidence including the quality appraisal

should be summarized in updated evidence tables, which can be used

as a basis for the evidence-to-decision framework. This framework

should be completedwith a comprehensive,multidisciplinary guideline

developmentgroup,where it combines the identifiedevidencewith the

represented expert knowledge. After these steps, the guideline devel-

opment group can formulate recommendations.

Currently, anthracyclines are still widely and effectively used

in treating children with cancer. A disadvantage of this class of

chemotherapy is the potential cardiotoxicity, which is reflected in a 15-

fold greater risk of heart failure in childhood cancer survivors as com-

pared to the general population.1,23 Multiple strategies to reduce this

cardiotoxicity have been proposed, in which prolonging the infusion

timewas one of the first.6 Unfortunately, as is shown in this report, evi-

dence in children regarding the effects of different infusion durations

is still scarcely available. In situationswhere little evidence is available,

it might be worthwhile to explore indirect evidence, as this might be

the “next best thing”. To this matter, we included four adult studies, in

which thehighest level of evidencequalitywasmoderate (including the

downgrading of one level for indirectness).

In a series regarding the GRADE methodology, the situation of

(very) low quality evidence and/or an unknown or close balance

between desirable and undesirable effects is addressed.24 Although



LOEFFEN ET AL. 9 of 10

the often occurring reluctance to make a recommendation in this sit-

uation is acknowledged, the authors encourage guideline developers

to still attempt to formulate recommendations, as in a clinical situa-

tion there is often not an option to refrain from making a decision.

Although theguidelinepanelwas awareof this statement and fully sup-

ported the intention, the panel felt there was unquestionably too lit-

tle valuable evidence and too much missing information regarding the

balance of desirable and undesirable effects to formulate a recommen-

dation regarding an infusion duration of 6 hr or more versus an infu-

sion duration between1 and6hr. The panel did, however, feel thatwith

the available evidence (comparing a≥1 hr infusion vs. a push infusion),

supplementedwith the represented expert knowledge in the guideline

development panel and the panel notion of the relatively high occur-

rence and potential severity of clinical heart failure, a recommendation

in favor of an anthracycline infusion duration of ≥1 hr was justifiable.

Given the large effect on clinical heart failure (critical outcome,moder-

ate quality evidence), this recommendation was categorized as strong.

Regarding limitations of this guideline effort, it should be noted that

the inclusion of studies was limited to randomized controlled trials

describing cardiotoxicity. Therefore, analyses of other effects (tumor

response, progression-free survival, overall survival, adverse effects

other than cardiac damage, quality of life) were possibly based on

only a subgroup of trials comparing different anthracycline infusion

durations.

In short, this guideline effort is a first step in defining an optimal

anthracycline infusion duration with respect to cardiotoxicity in chil-

dren with cancer. We recommend in favor of an anthracycline infusion

duration of at least 1 hr (strong recommendation, very low to moder-

ate quality of evidence).Wewerenot able to formulate a recommenda-

tion regarding a precise optimal prolonged infusion duration. Research

priorities were set for a large, randomized trial exploring optimal infu-

sion times and for specific anthracycline pharmacokinetic studies. This

study also serves as a practice example of the essential steps that need

to be taken when using a published systematic review to develop a

high-quality CPG.
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