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A B S T R A C T

Background

Chemotherapy-induced neutropenia is a common adverse effect in children with cancer. Due to the high relative risk of infections

and infectious complications, standard care for children with cancer and febrile neutropenia consists of routine hospitalization and

parenteral administration of broad-spectrum antibiotics. However, there are less serious causes of febrile neutropenia; in a subgroup of

these children, lengthy in-hospital treatment might be unnecessary. Various research groups have studied the adjustment of standard

care to shorten in-hospital treatment for children with cancer and febrile neutropenia at low risk for bacterial infections. However, most

of these studies were not done in a randomized matter.

Objectives

To evaluate whether early discharge (mean/median of less than five days) from in-hospital treatment was not inferior to non-early

discharge (mean/median of five days or more) and whether very early discharge (mean/median of less than 24 hours) was not inferior

to early discharge, non-early discharge, or a combination of these, in children with cancer and febrile neutropenia.

Search methods

We searched the Cochrane Central Register of Controlled Trials (2015, issue 11), MEDLINE/PubMed (from 1945 to December

2015), EMBASE/Ovid (from 1980 to December 2015), the reference lists of relevant articles and review articles, and various conference

proceedings (dependent on availability from 2005 to 2010 to 2013 to 2015). We scanned the International Standard Randomised

Controlled Trials Number (ISRCTN) Register, the National Institute of Health Register for ongoing trials, and the World Health

Organization (WHO) International Clinical Trials Registry Platform (ICTRP) on 9 January 2016.

Selection criteria

We included all randomized controlled trials and controlled clinical trials in which children with cancer and febrile neutropenia were

divided in groups with different times of discharge.
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Data collection and analysis

We used standard methods of Cochrane and its Childhood Cancer Group. Two independent review authors performed study selection,

data extraction, and risk of bias assessment. We entered data extracted from the included studies into Review Manager 5 and undertook

analyses according to the guidelines of the Cochrane Handbook for Systematic Reviews of Interventions.

Main results

We included two randomized controlled trials assessing very early, early, non-early (or a combination of these) discharge in children

with cancer and febrile neutropenia. We graded the evidence as low quality; we downgraded for risk of bias and imprecision. One study,

Santolaya 2004, consisted of 149 randomized low-risk episodes and compared early discharge (mean/median of less than five days) to

non-early discharge (mean/median of five days or more). This study found no clear evidence of difference in treatment failure (risk ratio

(RR) 0.91, 95% confidence interval (CI) 0.24 to 3.50, P value = 0.89 for rehospitalization or adjustment of antimicrobial treatment,

or both; Fischer’s exact P value = 0.477 for death) or duration of treatment (mean difference -0.3 days, 95% CI -1.22 to 0.62, P value

= 0.52 for any antimicrobial treatment; mean difference -0.5 days, 95% CI -1.36 to 0.36, P value = 0.25 for intravenous antimicrobial

treatment; mean difference 0.2 days, 95% CI -0.51 to 0.91, P value = 0.58 for oral antimicrobial treatment). Costs were lower in the

early discharge group (mean difference USD -265, 95% CI USD -403.14 to USD -126.86, P value = 0.0002). The second included

study, Brack 2012, consisted of 62 randomized low-risk episodes and compared very early discharge (mean/median of less than 24

hours) to early discharge (mean/median of less than five days). This study also found no clear evidence of difference in treatment failure

(RR 0.54, 95% CI 0.15 to 1.89, P value = 0.34 for rehospitalization or adjustment of antimicrobial treatment (or both); Fischer’s exact

P value = 0.557 for death). Regarding duration of treatment, median duration of intravenous antimicrobial treatment was shorter in

the very early discharge group (Wilcoxon’s P value ≤ 0.001, stated in the study) and median duration of oral antimicrobial treatment

was shorter in the early discharge group (Wilcoxon’s P ≤ 0.001, stated in the study) as compared to one another. However, there was no

clear evidence of difference in median duration of any antimicrobial treatment (Wilcoxon’s P value = 0.34, stated in the study). Costs

were not assessed in this study. Neither of the included studies assessed quality of life. Meta-analysis was not possible as the included

studies assessed different discharge moments and used different risk stratification models.

Authors’ conclusions

Very limited data were available regarding the safety of early discharge compared to non-early discharge from in-hospital treatment in

children with cancer and febrile neutropenia and a low risk for invasive infection. The absence of clear evidence of differences in both

studies could be due to lack of power.

Evidently, there are still profound gaps regarding very early and early discharge in children with cancer and febrile neutropenia.

Future studies that assess this subject should have a large sample size and aim to establish uniform and objective criteria regarding the

identification of a low-risk febrile neutropenic episode.

P L A I N L A N G U A G E S U M M A R Y

Very early discharge versus early discharge versus non-early discharge in children with cancer and fever during neutropenia

Review question

In this review of the literature we aimed to determine whether early discharge (less than five days, on average) from in-hospital treatment,

for a selected group of children, is not inferior to non-early discharge (five days or more, on average) in children with cancer and fever

during neutropenia. Furthermore, we wanted to evaluate whether very early discharge (less than 24 hours, on average) is not inferior

to early discharge, and whether very early discharge is not inferior to non-early discharge.

Background

Treatment with chemotherapy can cause a low white blood cell count (neutropenia) in children with cancer. Due to the high risk of

bacterial infections and of a sudden and severe course of infections, standard care for children with cancer and fever during neutropenia

consists of routine hospitalization and intravenous administration of broad-spectrum antibiotics (antibiotics that act against a wide

range of disease-causing bacteria). However, causes of fever during neutropenia can be less serious; in a subgroup of these children

lengthy in-hospital treatment might be unnecessary.

Study characteristics
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The evidence is current to December 2015. The current review identified one study, Santolaya 2004, in which early discharge was

compared to non-early discharge in this group of children, and one study, Brack 2012, in which very early discharge was compared to

early discharge.

Key results

Early discharge did not appear to be less safe than non-early discharge in children with cancer and fever during neutropenia with

a low risk for bacterial infections; there was no clear evidence of difference in treatment failure between the two groups. Moreover,

the treatment costs in the early discharge group were lower than in the non-early discharge group. Regarding very early discharge,

this did not appear to be less safe than early discharge; there was no clear evidence of difference in treatment failure between the two

groups. Duration of treatment differed between very early discharge and early discharge; duration of intravenous antibiotic treatment

was shorter in the very early discharge group, and duration of oral antibiotic treatment was shorter in the early discharge group, as

compared to one another. However, there was no clear evidence of difference in total treatment duration of any antibiotic treatment

between these groups.

Quality of the evidence

For both reported comparisons, the quality of the evidence was low. The included studies were relatively small with a low number of

participants, thus it was possible that the absence of clear evidence of differences in the included studies could be due to, for example,

the lack of power. Unfortunately, it was not possible to pool data in the two studies.

Conclusion

In conclusion, regarding both rehospitalization or adjustment of antibiotics (or both) and death, evidence was fairly limited; however,

there was no evidence that early discharge was less safe than non-early discharge or very early discharge was less safe than early discharge

of children with cancer and fever during neutropenia and a low risk for invasive bacterial infection. Future larger trials are needed to

confirm or contradict these results.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Early discharge versus non-early discharge for children with cancer and febrile neutropenia at low risk for invasive bacterial infection

Patient or population: children with cancer

Settings: hospital/ home

Intervention: early discharge (mean/ median of < 5 days)

Comparison: non-early discharge (mean/ median of ≥ 5 days)

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of episodes

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Non-early discharge

(mean/ median ≥ 5

days)

Early discharge (mean/

median < 5 days)

Treatment failure; re-

hospitalization or ad-

justment of antimicro-

bial treatment, or both

in number of episodes

56 per 10001 51 per 1000

(14 to 197)

RR 0.91

(0.24 to 3.5)

149

(1 study)

⊕⊕©©

low2

-

Treatment failure;

death

14 per 10001 0 per 1000

(0 to 0)

RR not est imable1 149

(1 study)

⊕⊕©©

low2

-

Costs

in USD

The mean cost of treat-

ment was USD903

MD USD 265 lower

(403.14 lower to 126.86

lower)

- 149

(1 study)

⊕⊕©©

low2

-

Duration of total an-

timicrobial treatment

in days

The mean durat ion of

treatment was 6.4 days

MD 0.3 days fewer (1.

22 fewer to 0.62 more)

- 149

(1 study)

⊕⊕©©

low2

-
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Duration of intra-

venous antimicrobial

treatment

in days

The mean durat ion of

treatment was 4.8 days

MD 0.5 days fewer (1.

36 fewer to 0.36 more)

- 149

(1 study)

⊕⊕©©

low2

-

Duration of oral antimi-

crobial treatment

in days

The mean durat ion of

treatment was 1.6 days

MD 0.2 days fewer (0.

51 fewer to 0.91 more)

- 149

(1 study)

⊕⊕©©

low2

-

Quality of life Not assessed Not assessed - - Not est imable No information on qual-

ity of lif e was provided

* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: conf idence interval; RR: risk rat io.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 There were no deaths in the early discharge group and one death in the non-early discharge group (Fischer’s exact P value =

0.477).
2 We downgraded the level of evidence one level because of an unclear risk of bias that lowered our conf idence in the est imate

of ef fect (i.e. high risk of performance bias and unclear risk of select ion bias, detect ion bias, attrit ion bias and report ing bias).

In addit ion, we downgraded the level of evidence one level because of imprecision (dichotomous outcome did not meet their

‘‘rule of thumb’’ threshold, i.e. total number of events was fewer than 300, and cont inuous outcomes did also not meet their

‘‘rule of thumb’’ threshold, i.e. total number of part icipants was fewer than 400).
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B A C K G R O U N D

Description of the condition

Survival rates for children with cancer have improved substantially

in recent decades (O’Leary 2008). This has been attributed to

better understanding of the disease, improvement of treatment

protocols and optimalization of supportive care. However, cancer

treatment also has unwanted adverse effects. One of the most

important adverse effects in children with cancer is chemotherapy-

induced neutropenia, a haematological disorder characterized by

an abnormally low number of neutrophils (type of granulocytes;

category of white blood cells). In 1966, it was shown that low

numbers of granulocytes were associated with an increased risk of

severe infections (Bodey 1966). Due to the high relative risk of

infections and infectious complications, standard care for children

with cancer and febrile neutropenia (severe neutropenia with fever)

consists of routine hospitalization and parenteral administration

of broad-spectrum antibiotics. Children are considered eligible for

discharge from in-hospital treatment when they are afebrile, have

completed their antibiotic course, their absolute neutrophil count

is recovering or has recovered, or a combination of these.

Description of the intervention

In 2002, the Infectious Diseases Society of America published a

clear protocol for early discharge in adult with cancer and febrile

neutropenia (Hughes 2002). A weighted scoring index for identi-

fication of adult low-risk febrile neutropenia at time of presenta-

tion with fever comprised extent of illness, presence of hypoten-

sion, presence of chronic obstructive pulmonary disease, presence

of solid tumor, presence of fungal infection, presence of dehy-

dration, outpatient location of onset of fever and age. A recent

review focussed on the effects and applicability of this weighted

scoring index after 10 years of use (Klastersky 2013). This review

concluded that the weighted scoring index has been validated in

several studies as a reliable tool for identifying low-risk febrile neu-

tropenia episodes in adult cancer patients and is shown to be part

of the selection process of patients who can safely be treated at

home.

However, early discharge of pediatric patients was a more delicate

topic; it was stated that after a minimum of 48 hours of in-hospital

treatment with parenteral antibiotics and observation, early dis-

charge with oral antibiotics might be considered for selected chil-

dren at low risk of bacterial infections (Hughes 2002). In this pro-

tocol, low risk for bacterial infection in children with cancer was

defined as proposed by Paganini et al. and Shenep et al.; absence of

severe co-morbidity, good clinical condition, negative blood cul-

tures, no Pseudomonas aeruginosa or methicillin-resistant Staphy-
lococcus aureus (MRSA) in cultures in the last 12 weeks, control of

local infection and afebrile for the last 24 hours (Paganini 2000;

Shenep 2001).

Why it is important to do this review

In 70% to 89% of febrile neutropenia episodes no causative organ-

ism is found (Ariffin 2006; Hodgson-Viden 2005; Oude Nijhuis

2005; Petrilli 1993; Santolaya 1997). This implies that people

with febrile neutropenia are a heterogeneous group, in which fever

can be caused by a bacterial infection, but also, for example, by

viruses, transfusion of blood products or chemotherapeutics. As a

consequence, a large proportion of people are admitted to hospital

and receive standard care unnecessarily.

Various research groups have studied the adjustment of standard

care to shorten in-hospital treatment for children with cancer with

low-risk febrile neutropenia, however, not in a randomized mat-

ter (Oude Nijhuis 2005; Paganini 2000; Shenep 2001; Wacker

1997). In this review, we have compared early discharge (mean/

median of less than five days) from in-hospital treatment to non-

early discharge (mean/median of five days or more) from in-hos-

pital treatment, very early discharge (mean/median of less than

24 hours) from in-hospital treatment to early discharge (mean/

median of less than five days) from in-hospital treatment, and very

early discharge (mean/median of less than 24 hours) from in-hos-

pital treatment to non-early discharge (mean/median of five days

or more) from in-hospital treatment in children with cancer and

febrile neutropenia, and evaluated the effects on treatment failure.

The main importance was to gather and share the evidence in sa-

fety of non-early discharge versus early and very early discharge

and moreover, that unnecessary non-early discharge might lead,

for example, to unnecessary occupation of hospital beds, increased

bacterial resistance, reduced quality of life and increased health-

care costs.

O B J E C T I V E S

To evaluate whether early discharge (mean/median of less than

five days) from in-hospital treatment was not inferior to non-

early discharge (mean/median of five days or more) and whether

very early discharge (mean/median of less than 24 hours) was not

inferior to early discharge, non-early discharge, or a combination

of these, in children with cancer and febrile neutropenia.

M E T H O D S

Criteria for considering studies for this review
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Types of studies

Randomized controlled trials and controlled clinical trials.

Types of participants

Children with cancer under 21 years of age, presenting with febrile

neutropenia. We defined neutropenia as an absolute neutrophil

count less than 0.5 x 109 cells/L, or a leukocyte count less than

1.0 x 109 cells/L (when an absolute neutrophil count was not

available). We defined fever as a single oral reading of greater than

38.2 °C or two readings of a temperature greater than 37.9 °C

within 24 hours.

Types of interventions

We defined:

• non-early discharge as discharge from in-hospital treatment

after (a mean or median of ) at least five days;

• early discharge as discharge from in-hospital treatment

(with a mean or median of ) less than five days after presentation

with fever and neutropenia;

• very early discharge as discharge from in-hospital treatment

(with a mean or median of ) less than 24 hours after presentation

with fever and neutropenia.

We planned to include studies that compared the following in

children with cancer and febrile neutropenia at low risk of invasive

bacterial infection:

• early discharge from in-hospital treatment versus non-early

discharge from hospital treatment;

• very early discharge from in-hospital treatment versus non-

early discharge from hospital treatment;

• very early discharge from in-hospital treatment versus early

discharge from hospital treatment.

Types of outcome measures

Primary outcomes

• Treatment failure:

◦ rehospitalization or adjustment of antimicrobial

treatment (or both) related to febrile neutropenia (participant

deterioration or other febrile neutropenia-related causes), within

one week or within the same neutropenic episode;

◦ all death and death due to (complications of ) febrile

neutropenia within one week after hospital discharge or within

the same neutropenic episode after hospital discharge.

Secondary outcomes

• Quality of life.

• Costs.

• Duration of antimicrobial treatment:

◦ duration of total antimicrobial treatment;

◦ duration of intravenous antimicrobial treatment;

◦ duration of oral antimicrobial treatment.

Search methods for identification of studies

See: Cochrane Childhood Cancer Group methods used in reviews

(Module CCG). We imposed no language restrictions. We will

update the searches every two years.

Electronic searches

We searched the following electronic databases: the Cochrane Cen-

tral Register of Controlled Trials (CENTRAL) (2015; Issue 11),

MEDLINE/PubMed (from 1945 to 9 December 2015) and EM-

BASE/Ovid (from 1980 to 9 December 2015). The appendices

show the search strategies for the different electronic databases

(using a combination of controlled vocabulary and text words)

(Appendix 1; Appendix 2; Appendix 3).

Searching other resources

We located information about trials not registered in CENTRAL,

MEDLINE or EMBASE, either published or unpublished, by

searching the reference lists of relevant articles and review articles.

We handsearched the conference proceedings of the International

Society for Paediatric Oncology (SIOP) (2005 to 2015), the Amer-

ican Society of Clinical Oncology (ASCO) (2005 to 2015), the Eu-

ropean Society for Paediatric Infectious Diseases (ESPID) (2005

to 2015), the Infectious Diseases Society of America (IDSA) (2005

to 2014), the European Hematology Association (EHA) (2006

to 2013), the American Society of Hematology (ASH) (2008 to

2015), the American Academy of Pediatrics (AAP) (2010 to 2015)

and the Multinational Association for Supportive Care in Cancer

(MASCC) (2005 to 2015), dependent on availability. We scanned

the International Standard Randomised Controlled Trials Num-

ber (ISRCTN) Register, the National Institute of Health Register

for ongoing trials and the World Health Organization (WHO)

International Clinical Trials Registry Platform (ICTRP) on 9 Jan-

uary 2016. Appendix 4 and Appendix 5 summarize the search

strategies for the different conference proceedings and the ongoing

trial registries.

Data collection and analysis

Selection of studies
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After employing the search strategy described above, two review

authors independently identified studies meeting the inclusion cri-

teria. We resolved discrepancies between review authors by con-

sensus. If this had been impossible, we planned to achieve final

resolution by using a third party arbitrator. However, this was

not necessary. We obtained the full-text reports of any study that

seemed to meet the inclusion criteria on the grounds of the title,

abstract, or both, for closer inspection. Regarding the studies ex-

cluded after closer inspection, we stated the reasons for exclusion

in the Characteristics of excluded studies table.

Data extraction and management

Two review authors independently performed data extraction us-

ing standardized forms. We extracted data on the following items.

• Study design.

• Participants, including:

◦ age;

◦ sex;

◦ number of children entering the trial;

◦ number of children randomized;

◦ number of children excluded (with reasons);

◦ number of children evaluable (for each outcome);

◦ degree of neutropenia at the moment of presentation

with febrile neutropenia.

• Intervention: duration of admittance to the hospital in

hours/days until discharge from in-hospital treatment. In-

hospital treatment: no, oral or intramuscular/intravenous

antibiotic treatment. Treatment after discharge: no, oral or

intramuscular/intravenous antibiotic treatment.

• Outcome measures.

• Length of follow-up.

When data were missing in a published report, we attempted to

contact the authors for the missing information. This was the case

in one of the included studies (Brack 2012), as is stated below (

Dealing with missing data). In cases of disagreement regarding data

extraction, we planned to re-examined the abstracts and articles

and undertake discussion until we achieved consensus. If this was

impossible, we planned to achieve final resolution using a third

party arbitrator. However, this was not necessary.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias of the

included randomized controlled trials, according to the following

criteria:

• random sequence generation;

• concealment of allocation;

• blinding of care provider/participants/outcome assessors;

• incomplete outcome data;

• selective reporting;

• other bias, specifically baseline imbalance (e.g. due to

selective randomization), differential diagnostic activity (e.g. due

to other follow-up programmes for different discharge moments)

and selective reporting of subgroups.

For the quality items, we used the definitions as described in the

module of the Childhood Cancer Group, based on the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011;

Module CCG). We resolved discrepancies between review authors

by consensus. If this was impossible, we planned to achieve final

resolution using a third party arbitrator. However, this was not

necessary. In the analyses, we took the quality of study into account

in the interpretation of the review results.

Measures of treatment effect

We entered data into Review Manager 5 (RevMan 2012) and

undertook analyses according to the guidelines of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

We analyzed dichotomous variables using risk ratios (RR). We an-

alyzed continuous outcomes using the mean difference (MD). We

presented results with the corresponding 95% confidence interval

(CI). For outcomes where only one study was available, we were

unable to calculate an RR if one of the treatment groups experi-

enced no events and we used the Fischer’s exact test instead (using

SPSS 20.0 (IBM Corp., Armonk, NY, USA)).

Dealing with missing data

When information relevant to study selection, data extraction, as-

sessment of risk of bias, or a combination of these was missing,

we attempted to contact the authors in order to obtain the miss-

ing data. We contacted the authors of one of the included stud-

ies because their definition of the outcome treatment failure was

slightly different from ours (i.e. in addition to rehospitalization

or adjustment of antimicrobial therapy (or both) and death (our

definition of treatment failure), in the included study fever greater

than 48 hours, bacteraemia, persistent symptoms and signs of lo-

cal infection or addition of antifungal therapy (or both) were also

considered as treatment failure) (Brack 2012). We asked the au-

thors to specify the reasons for treatment failure of all episodes of

which the reason was not stated specifically or clearly (or both)

in the full-text article. They responded swiftly and provided the

requested data.

We planned to perform intention-to-treat analyses. In Brack 2012,

it was clear that the intention-to-treat principle was used, therefore

we performed intention-to-treat analyses of these data. However,

in Santolaya 2004, it was not explicitly described whether or not

the intention-to-treat principle was used (although it seems to be

done), so we were unable to do this.

Assessment of heterogeneity

In the protocol, we stated that we would assess heterogeneity both

by visual inspection of the forest plots and by a formal statistical

test for heterogeneity, the I2 statistic. In the absence of substantial
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heterogeneity (I2 less than 50%) (Higgins 2011), we wanted to

use a fixed-effect model for the estimation of treatment effects.

Otherwise, we wanted to explore possible reasons for the occur-

rence of heterogeneity and take appropriate measures by using the

random-effects model. However, since we could not pool the data

from the included studies, this was not applicable.

Assessment of reporting biases

In the protocol, we stated that we would construct a funnel plot to

ascertain the risk of publication bias graphically (Higgins 2011).

However, since we could not pool the data from the included

studies, this was not applicable.

Data synthesis

In the protocol, we stated that when possible we would analyze

data for different types of malignancies. Due to lack of informa-

tion, this was not possible. We included outcome measures in this

systematic review only if it was the intention of the study to per-

form the necessary assessments in all participants (i.e. not optional

or only performed in some centres). When less than 50% of the

participants of a study had an acceptable follow-up for a particu-

lar outcome measure, due to the associated high risk of attrition

bias, we planned not to report the results of this outcome measure.

However, since in Santolaya 2004 there were no episodes lost to

follow-up and in Brack 2012 there was one out of 62 episodes lost

to follow-up, this was not applicable. If pooling was not possible,

we summarized the results qualitatively.

For each comparison. we prepared when possible a ’Summary of

findings’ table using the GRADEpro software in which we pre-

sented the following outcomes: treatment failure (i.e. rehospital-

ization or adjustment of antimicrobial treatment (or both), and

death), quality of life, costs and duration of antimicrobial treat-

ment (i.e. total, intravenous and oral). However, in Summary of

findings 2 (very early discharge versus early discharge), we divided

treatment failure into three outcomes (i.e. rehospitalization or ad-

justment of antimicrobial treatment in number of episodes (or

both) and in number of participants, and death). Two review au-

thors independently assessed the quality of the evidence using the

five GRADE considerations (i.e. study limitations, inconsistency,

indirectness, imprecision and publication bias).

Subgroup analysis and investigation of heterogeneity

In the protocol, we stated that when possible we would perform

subgroup analyses. However due to lack of information or lack of

stratified data subgroup analyses were not possible. We planned

to analyze:

• in-hospital treatment:

◦ in-hospital treatment with intravenous or

intramuscular antibiotics versus oral antibiotics;

◦ in-hospital treatment with intravenous or

intramuscular antibiotics versus no antibiotics;

◦ in-hospital treatment with oral antibiotics versus no

antibiotics;

• treatment after discharge:

◦ treatment after discharge with intravenous or

intramuscular antibiotics versus oral antibiotics;

◦ treatment after discharge with intravenous or

intramuscular antibiotics versus no antibiotics;

◦ treatment after discharge with oral antibiotics versus

no antibiotics;

• age: birth to under four years versus four to less than 21

years;

• type of malignancy: haematological malignancies versus

solid tumours;

• degree of neutropenia at the moment of presentation with

febrile neutropenia; absolute neutrophil count of 0.1 to 0.5 x 10
9 cells/L versus less than 0.1 x 109 cells/L.

Sensitivity analysis

In the protocol, we stated that we wanted to perform a sensitivity

analysis; however, this was not possible or applicable (or both).

Regarding the individual risk of bias criteria, it was not possible to

perform sensitivity analyses considering the fact that pooling was

not possible.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; Characteristics of studies awaiting classification.

Results of the search

See: flow diagram of selection of studies (Figure 1).
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Figure 1. Flow diagram of selection of studies.

The search strategy identified 590 references in the three electronic

databases, of which we evaluated 12 studies as full text as potential

studies for inclusion. Two of these fulfilled all criteria for inclu-

sion in this review and were thus included (Brack 2012; Santolaya

2004). We excluded the other 10 studies for reasons stated in the

Characteristics of excluded studies table. We excluded all other

studies based on title or abstract, since they were not randomized

controlled trials or controlled clinical trials, did not include chil-

dren, did not include children with cancer, defined fever otherwise

than described in our inclusion criteria or defined neutropenia

otherwise than described in our inclusion (or both).

The search performed on the conference proceedings, reference

lists of reviews and the reference lists of the included studies identi-

fied 30 additional studies. We excluded all references based on title

and abstract, for same reasons as described in the initial database

search.

In the latest search for ongoing trials, we searched the registries

of ISRCTN (www.ISRCTN.com), National Institutes of Health

(NIH) (clinicaltrials.gov) and WHO ICTRP (apps.who.int/

trialsearch/) in January 2016): we identified no relevant ongoing

trials.

Included studies

For inclusion in this review, only children with fever during neu-

tropenia at low risk for invasive bacterial infection were eligible.

Santolaya 2004 was a randomized controlled trial that compared

outcome and costs of early discharge versus non-early discharge

among children with fever during neutropenia at low risk for inva-

sive bacterial infection. A total of 390 episodes of febrile neutrope-

nia occurred in 313 children with cancer; 168 episodes were clas-

sified as low-risk at enrolment. After the second assessment of the

low-risk children, five children appeared to be high risk; they were

excluded from the study. Of the 161 episodes at low-risk for in-

vasive bacterial infection, 12 (41%) could not be randomized due
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to various reasons. The remaining 149 episodes in 107 children

were randomly assigned in parallel groups after 24 to 36 hours

of hospitalization to receive ambulatory (78 children) or hospi-

tal-based (71 children) treatment and they were monitored until

episode resolution. Antibiotic treatment consisted of intravenous

ceftriaxone and teicoplanin. Intravenous antibiotic treatment was

switched to oral cefuroxime after a minimum of 72 hours when

the clinical evolution was favourable. Outcome and costs were

determined for each episode and compared between both groups

using pre-defined definitions and questionnaires.

Brack 2012 was a randomized controlled trial that investigated

safety and efficacy of very early discharge versus early discharge

among children with fever during neutropenia at low risk for in-

vasive bacterial infection. All included children were re-assessed

after eight to 22 hours of inpatient therapy. Children then identi-

fied with low-risk febrile neutropenia were randomized to either

very early discharge (mean/median of less than 24 hours) or early

discharge (continued inpatient therapy for more than 24 hours

with a median of four days). A total of 355 potentially eligible

episodes of febrile neutropenia occurred, of which 93 (26%) ful-

filled low-risk criteria at re-assessment after eight to 22 hours of

inpatient therapy. Of these, informed consent for randomization

was declined in 25 (27%) episodes, and randomization was not

performed for unknown reasons in six (6%) episodes. Thus, 62

(67%) low-risk episodes in 52 children (eight children with two

episodes, one child with three episodes) were randomized to very

early discharge (28 children, one lost to follow-up) or early dis-

charge (34 children). All children but one (lost to follow-up; cen-

tre stopped study participation) were monitored until antimicro-

bial therapy had been stopped for at least seven days and severe

neutropenia had resolved. All children were initially treated with

empirical intravenous broad-spectrum antimicrobial therapy. In

episodes randomized to early discharge, intravenous antimicrobial

therapy was continued, in episodes randomized to very early dis-

charge, intravenous antimicrobial therapy was replaced by a com-

bination of oral ciprofloxacin and oral amoxicillin. Outcomes re-

garding safety and efficacy were determined for each episode and

compared between both groups using pre-defined definitions.

For more information, see the Characteristics of included studies

table.

Excluded studies

After full-text review, we excluded 10 studies that initially appeared

to be potential for inclusion based on same discharge moment in

both groups (four studies), adult study (two studies), moment of

discharge not reported (three studies) and article was a commen-

tary (one study).

Risk of bias in included studies

See ’Risk of bias’ section of the Characteristics of included studies

table and the ’Risk of bias’ summary (Figure 2).
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.

In Santolaya 2004, there was an unclear risk of selection bias (based

on random sequence generation and allocation concealment), a

high risk of performance bias (based on lack of blinding of par-

ticipants and personnel), an unclear risk of detection bias (based

on blinding of outcome assessment) for all reported outcomes, an

unclear risk of attrition bias (based on incomplete outcome data),

an unclear risk of reporting bias (based on selective reporting) and

a low risk of other bias (no other risk of bias identified, clear ex-

planation of not performed randomizations).

In Brack 2012, there was an unclear risk of selection bias (based

on a low risk of random sequence generation, but an unclear risk

of allocation concealment), a high risk of performance bias (based

on lack of blinding of participants and personnel), an unclear

risk of detection bias (based on blinding of outcome assessment)

for all reported outcomes, a low risk of attrition bias (based on

incomplete outcome data), an unclear risk of reporting bias (based

on selective reporting) and a high risk of other bias (based on a high

risk of baseline imbalance due to lack of explanation of declined

and not performed randomizations in 25 (declined) and six (not

performed) of 93 episodes).

Effects of interventions

See: Summary of findings for the main comparison Early
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discharge versus non-early discharge for children with cancer and

febrile neutropenia at low risk for invasive bacterial infection;

Summary of findings 2 Very early discharge versus early discharge

for children with cancer and febrile neutropenia at low risk for

invasive bacterial infection

Due to different study questions (i.e. very early discharge versus

early discharge in Brack 2012 and early discharge versus non-early

discharge in Santolaya 2004), and the use of different low-risk

episode criteria, it was not possible to pool results. We entered the

data from Santolaya 2004 and Brack 2012 into Review Manager

5 (RevMan 2012).

Early discharge versus non-early discharge

One study compared early discharge versus non-early discharge

(Santolaya 2004).

Primary outcomes

Rehospitalization or adjustment of antimicrobial treatment

(or both)

The study stated that rehospitalization or adjustment of antimi-

crobial treatment, or both, within the same neutropenic episode,

occurred in 4 out of the 78 episodes (5%) in the early discharge

group and in 4 out of the 71 episodes (6%) in the non-early dis-

charge group (RR 0.91; 95% CI 0.24 to 3.50, P value = 0.89)

(Figure 3).

Figure 3. Forest plot of comparison: 1 Early discharge versus non-early discharge, outcome: 1.1 Treatment

failure; rehospitalization or adjustment of antimicrobial treatment (or both).

Death

The study stated that there were no deaths due to complications

of febrile neutropenia within the same neutropenic episode in

the early discharge group. There was one death in the non-early

discharge group (Fischer’s exact P value = 0.477).

Secondary outcomes

Quality of life

This study did not assess the pre-defined outcome measure quality

of life.

Costs

The study stated that the mean costs for early discharge treatment

were significantly lower than the costs for the non-early discharge

treatment (USD 638; 95% CI 572 to 703 with early discharge

versus USD 903; 95% CI USD 781 to USD 1025 with non-

early discharge, stated in the study). There was an MD of USD

-265.00 (95% CI -403.14 to -126.86, P value = 0.0002) when

early discharge was compared to non-early discharge in favour of

early discharge (Figure 4).

Figure 4. Forest plot of comparison: 1 Early discharge versus non-early discharge, outcome: 1.2 Costs

(USD).
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Duration of antimicrobial treatment

• The study stated that the mean duration of antimicrobial

treatment was 6.1 days (95% CI 5.4 to 6.8, stated in the study)

in the early discharge group and 6.4 days (95% CI 5.9 to 7.0,

stated in the study) in the non-early discharge group. The MD

of early discharge compared to non-early discharge was -0.3 days

(95% CI -1.22 to 0.62, P value = 0.52) (Figure 5).

Figure 5. Forest plot of comparison: 1 Early discharge versus non-early discharge, outcome: 1.3 Duration of

antimicrobial treatment; total (days).

• The mean duration of intravenous antimicrobial treatment

was 4.3 days (95% CI 3.7 to 5.0, stated in the study) in the early

discharge group and 4.8 days (95% CI 4.4 to 5.3, stated in the

study) in the non-early discharge group. The MD of early

discharge compared to non-early discharge was -0.5 days (95%

CI -1.36 to 0.36, P value = 0.25) (Figure 6).

Figure 6. Forest plot of comparison: 1 Early discharge versus non-early discharge, outcome: 1.4 Duration of

antimicrobial treatment; intravenous (days).

• The mean duration of oral antimicrobial treatment was 1.8

days (95% CI 1.2 to 2.3, stated in the study) in the early

discharge group and 1.6 days (95% CI 1.1 to 2.1, stated in the

study) in the non-early discharge group. The MD of early

discharge compared to non-early discharge was 0.2 days (95%

CI -0.51 to 0.91, P value = 0.58) (Figure 7).
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Figure 7. Forest plot of comparison: 1 Early discharge versus non-early discharge, outcome: 1.5 Duration of

antimicrobial treatment; oral (days).

Subgroup analyses and sensitivity analyses were not possible or

applicable, or both.

Sensitivity analyses for risk of bias items were not possible.

We did not perform intention-to-treat analyses as it was not ex-

plicitly described whether or not the intention-to-treat principle

was used.

Very early discharge versus early discharge

One study compared very early discharge versus early discharge

(Brack 2012).

Primary outcomes

Rehospitalization or adjustment of antimicrobial treatment

(or both)

The study stated that rehospitalization or adjustment of antimi-

crobial treatment (or both), within the same neutropenic episode,

occurred in 3 out of 27 episodes (11%) in the very early discharge

group and in 7 out of 34 episodes (21%) in the early discharge

group (RR 0.54; 95% CI 0.15 to 1.89, P value = 0.34) (Figure 8).

Figure 8. Forest plot of comparison: 2 Very early discharge versus early discharge, outcome: 2.1 Treatment

failure; rehospitalization or adjustment of antimicrobial treatment (or both).

In this study, the authors also performed an analysis with only

the first febrile neutropenic episode of all included children. In

this study, there were 61 episodes of 51 children included, thus

10 episodes were excluded. Rehospitalization or adjustment of

antimicrobial treatment (or both), within the same neutropenic

episode, occurred in 2 out of 24 children (8%) in the very early

discharge group and in 7 out of 27 children (26%) in the early

discharge group (RR 0.32; 95% CI 0.07 to 1.40, P value = 0.13)

(Figure 9).

15Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 9. Forest plot of comparison: 2 Very early discharge versus early discharge (note: number of

participants refers to number of episodes), outcome: 2.2 Treatment failure; rehospitalization or adjustment of

antimicrobial treatment (or both), only first episode (note: number of participants stated instead of episodes).

Death

The study stated that there were no deaths due to complications

of febrile neutropenia within the same neutropenic episode in

the very early discharge group. There was one death in the early

discharge group (Fischer’s exact P value = 0.557).

Secondary outcomes

Quality of life

This study did not assess the pre-defined outcome measure quality

of life.

Costs

This study did not assess the pre-defined outcome costs.

Duration of antimicrobial treatment

The study reported only the median and range duration of antimi-

crobial treatment. Therefore, we were unable to analyse results in

Review Manager 5 (RevMan 2012).

• The median duration of any antimicrobial treatment was 5

days (range 2 to 19 days, stated in the study) in the very early

discharge group and 5 days (range 3 to 18 days, stated in the

study) in the early discharge group (Wilcoxon’s P value = 0.34,

stated in the study).

• The median duration of intravenous antimicrobial

treatment was 1 day (range 1 to 13 days, stated in the study) in

the very early discharge group and 4.5 days (range 1 to 18 days,

stated in the study) in the early discharge group (Wilcoxon’s P

value ≤ 0.001, stated in the study).

• The median duration of oral antimicrobial treatment was 4

days (range 0 to 14 days, stated in the study) in the very early

discharge group and 0 days (range: 0 to 7 days, stated in the

study) in the early discharge group (Wilcoxon’s P value ≤ 0.001,

stated in the study).

Subgroup analyses and sensitivity analyses were not possible or

applicable, or both.

Sensitivity analyses for risk of bias items were not possible.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Very early discharge versus early discharge for children with cancer and febrile neutropenia at low risk for invasive bacterial infection

Patient or population: children with cancer

Settings: hospital/ home

Intervention: very early discharge (mean/ median of < 24 hours)

Comparison: early discharge (mean/ median of < 5 days)

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of episodes

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Early discharge (mean/

median < 5 days)

Very early discharge

(mean/ median < 24

hours)

Treatment failure; re-

hospitalization or ad-

justment of antimicro-

bial treatment (or both)

in number of episodes

206 per 10001 111 per 1000

(31 to 389)

RR 0.54

(0.15 to 1.89)

61

(1 study)

⊕⊕©©

low2

-

Treatment failure; re-

hospitalization or ad-

justment of antimicro-

bial treatment (or both)

, only first episode

in number of part ici-

pants

259 per 10001 83 per 1000

(18 to 363)

RR 0.32

(0.07 to 1.4)

51

(1 study)

⊕⊕©©

low2

-

Treatment failure;

death

29 per 10001 0 per 1000

(0 to 0)

RR not est imable. Fis-

cher’s exact P value =

0.557

61

(1 study)

⊕⊕©©

low2

-

Costs Not assessed Not assessed - - Not est imable No information on

costs was provided1
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Duration of total an-

timicrobial treatment

Median durat ion of

treatment: 5 days

(range 2 to 19 days)

Median durat ion of

treatment: 5 days

(range 3 to 18 days)

RR not est imable.

Wilcoxon’s P value = 0.

34

61

(1 study)

⊕⊕©©

low2

Data f rom study,

Wilcoxon’s P as stated

in the study

Duration of intra-

venous antimicrobial

treatment

Median durat ion of

treatment: 4.5 days

(range 1 to 18 days)

Median durat ion of

treatment: 1 day (range

1 to 13 days)

RR not est imable.

Wilcoxon’s P value ≤ 0.

001

61

(1 study)

⊕⊕©©

low2

Data f rom study,

Wilcoxon’s P as stated

in the study

Duration of oral antimi-

crobial treatment

Median durat ion of

treatment: 0 days (0 to

7 days)

Median durat ion of

treatment: 4 days (0 to

14 days)

RR not est imable.

Wilcoxon’s P ≤ 0.001

61

(1 study)

⊕⊕©©

low2

Data f rom study,

Wilcoxon’s P as stated

in the study

Quality of life Not assessed Not assessed - - Not est imable No information on qual-

ity of lif e was provided

* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: conf idence interval; RR: risk rat io.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 The assumed risk was based on the prevalence in the control group, i.e. early discharge, of the included study.
2 We downgraded the level of evidence one level because of an unclear risk of bias that lowered our conf idence in the est imate

of ef fect (i.e. high risk of performance bias and other bias and unclear risk of select ion bias, detect ion bias and report ing

bias). In addit ion, we downgraded the level of evidence another level because of imprecision (outcomes did not meet the

‘‘rule of thumb’’ threshold, i.e. total number of events was fewer than 300).
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D I S C U S S I O N

Summary of main results

There were two studies that met the inclusion criteria for this re-

view; Santolaya 2004 compared an early discharge (mean/median

of less than five days) group with a non-early discharge (mean/

median of five days or more) group and Brack 2012 compared a

very early discharge (mean/median of less than 24 hours) group

with an early discharge (mean/median of less than five days) group.

Both studies evaluated treatment failure and duration of treat-

ment, only Santolaya 2004 evaluated costs of treatment and nei-

ther study evaluated quality of life. Regarding treatment failure,

neither study identified significant differences between treatment

groups in treatment failure (i.e. rehospitalization or adjustment of

antimicrobial treatment (or both) and death). Regarding duration

of antibiotic treatment (i.e. total, intravenous and oral antibiotics),

Santolaya 2004 found no significant differences between treat-

ment groups. Brack 2012 found significant shorter intravenous

antimicrobial therapy in the very early discharge group and sig-

nificantly shorter oral antimicrobial therapy in the early discharge

group as compared to the other group; however, there was no sig-

nificant difference in total duration of antibiotics between these

groups. Santolaya 2004 found significantly lower costs in favour of

the early discharge group as compared to the non-early discharge

group. Subgroup analyses were not possible.

Since both included studies had a relatively small number of ran-

domized episodes (149 and 61), the non-significant differences

between treatment groups of the diverse results might be because

the included studies were too small to detect a difference (i.e. low

power). However, the included studies did not show that early

discharge of children with cancer and febrile neutropenia at low

risk for invasive bacterial infection was less safe than non-early

discharge, or that very early discharge of children with cancer and

febrile neutropenia at low risk for invasive bacterial infection was

less safe than early discharge; there were no significant differences

in treatment failure between the two groups in both studies.

For more information, see the Summary of findings for the main

comparison and Summary of findings 2. Due to insufficient data,

we prepared no ’Summary of findings’ table for the comparison

of very early discharge (mean/median of less than 24 hours) with

non-early discharge (mean/median of five days or more).

Overall completeness and applicability of
evidence

Currently there are no uniform criteria regarding identification

of low-risk febrile neutropenic episodes in children with can-

cer. The criteria used in the included studies are shown in the

Characteristics of included studies table. The main difference be-

tween the included studies was that Brack 2012 mainly used clin-

ical parameters(e.g. focal infection and temperature), where as

Santolaya 2004 also incorporated laboratory values (e.g. C-reac-

tive protein and platelet count). With the studies using their own

low-risk criteria it makes it more difficult to interpret results cor-

rectly, therefore it is of the utmost importance to establish uniform

low-risk criteria. Regarding this matter, there is currently a Delphi

survey being held among paediatric oncologists. Once uniform

low-risk criteria have been established, these should be prospec-

tively validated in a large study among children with cancer, as has

happened in adults with cancer.

At the moment, there is very little evidence available regarding

early or very early discharge in children with cancer and febrile

neutropenia at low risk for invasive bacterial infection. The cur-

rent available evidence does not show that early discharge of chil-

dren with cancer and febrile neutropenia and low risk of bacterial

infection is less safe than non-early discharge, or that very early

discharge of children with cancer and febrile neutropenia and low

risk of bacterial infection is less safe than early discharge. In addi-

tion, one study found a significant reduction of costs for the early

discharge group in comparison to the non-early discharge group.

It is our opinion that, at this moment, both very early discharge

and early discharge should only be practised in a trial setting in

hospitals/oncology wards where close monitoring of very early and

early discharged participants by well-trained employees is guaran-

teed.

Quality of the evidence

Both included studies were randomized controlled trials and thus

qualified as high quality evidence according to the GRADE ap-

proach. However, according to factor 1 in the GRADE assessment

(limitations in the design and implementation of available studies

suggesting high likelihood of bias), we downgraded the level of

evidence one level because of an unclear risk of bias with potential

limitations that are likely to lower confidence in the estimate of

effect. Both included studies showed a high risk of performance

bias (based on lack of blinding of participants and personnel), as

it is obvious for participants and personnel whether participants

are treated inside or outside the hospital. This can cause bias as

participants can report their symptoms differently because they

feel unsafe having fever and not being admitted to the hospital

or this could lead to underreporting symptoms as participants or

their parents want them to stay at home. However, due to the

clear parameters for treatment failure, this risk seems to be small.

In both studies, there was an unclear risk of detection bias (based

on blinding of outcome assessment) for all reported outcomes; if

there was no blinding of outcome measurement this could inflict

bias in favour of both treatment arms depending on the beliefs

of the person handling the outcome measures. Moreover, in both

studies there was an unclear risk of reporting bias (based on selec-

tive reporting) and selection bias. In addition, in Santolaya 2004,

there was an unclear risk of attrition bias and a low risk of other

bias, and in Brack 2012, there was a high risk of other bias (based
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on a high risk of baseline imbalance) and a low risk of attrition

bias.

Agreements and disagreements with other
studies or reviews

Since the 1990s, there has been a tendency to earlier discharge or

treatment with oral or no antibiotics (or both) in people with fever

and neutropenia considered to be at low risk for serious bacterial

infections or infectious complications. Parameters for risk stratifi-

cation in the heterogeneous group of people with febrile neutrope-

nia have changed over the years (te Poele 2009). The prediction

model for episodes with low risk for invasive bacterial infection

provided by Santolaya et al. consisted of objective items and was re-

liable in their study cohort (Santolaya 2002). It would be interest-

ing to see results of this prediction model in studies performed in

oncology units in other countries, to establish whether these results

can be replicated in other populations with different genetic and

environmental factors. The studies accomplished by Ammann et

al. and Miedema et al. illustrated that there can be a different out-

come in a different population (Ammann 2010; Miedema 2011).

The study of Ammann et al. prospectively evaluated a risk assess-

ment model for adverse events during febrile neutropenia, consist-

ing of: preceding chemotherapy more intensive than acute lym-

phoblastic leukaemia maintenance (weight 4), haemoglobin 90 g/

L or greater (weight 5), leukocyte count less than 0.3 g/L (weight

3) and platelet count less than 50 g/L (weight 3), where a score

(sum of weights) of 9 or greater predicted future adverse events

(Ammann 2010). One difference between the two risk assessment

models was the moment of assessment; at presentation and after

24 to 36 hours in the study performed by Santolaya et al. and at

presentation and within eight to 24 hours after admittance to the

hospital in the study performed by Ammann et al. Another main

difference was the parameters included in the risk assessment; the

only corresponding item was platelet count. Both research groups

had objective parameters. The risk assessment model used by Am-

mann et al. accurately predicted adverse events in their population

of children with cancer. In the retrospective study performed by

Miedema et al., the use of the identical risk assessment model had

different sensitivity and specificity levels. This could be due to the

retrospective nature of the study; however, the different treatment

protocol, the different genetic background of the study popula-

tion and environmental factors may also play a role. Both sets of

authors stressed the necessity of prospective validation of the risk

assessment score before broad clinical application and evaluation

of the potential of markers of inflammation to increase its predic-

tive performance (Ammann 2011; Miedema 2011).

Criteria for unfavourable outcome in Santolaya 2004 were haemo-

dynamic instability (not attributed to volume loss), fever after day

four, re-appearance of fever after a 48-hour afebrile period persist-

ing for at least 24 hours, an ascending C-reactive protein curve

or a non-descending curve over normal limits (defined as a value

greater than 40 mg/L and less than 30% decrease from a previous

recording), and isolation of a bacterial pathogen from a significant

sample obtained on day three, and death occurring during the

febrile episode attributable to infection. In Brack 2012, criteria for

unfavourable outcome were occurrence of serious medical com-

plication (i.e. death, intensive care unit treatment, potentially life-

threatening complications as judged by the treating physician), no

resolution of infection (i.e. fever 38.0 °C or greater for 48 hours or

longer, persistent symptoms and signs of local infection where ap-

plicable and positive control blood cultures where applicable), re-

current infection, modification of randomized antimicrobial ther-

apy or addition of antifungal therapy, microbiologically defined

infections and radiologically confirmed pneumonias. In both in-

cluded studies, unfavourable outcome led to consideration of ad-

justment of antimicrobial treatment in both treatment groups and

rehospitalization in the early (in Santolaya 2004) or very early (in

Brack 2012) discharge group. The criteria used in both studies

were relatively objective parameters, which seemed to be adequate.

However, in our opinion, fever for more than two to four days

is not adequate as a parameter for treatment failure as it can also

be caused by a viral infection. Therefore, we did not mention it

as an item in our outcome criteria. Finally, we valued rehospital-

ization or adjustment of antimicrobial treatment (or both) related

to febrile neutropenia and death as adequate parameters of treat-

ment failure, for both the in-hospital and the outpatient treatment

group.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

The current available evidence, however fairly limited, did not

show that early discharge of children with cancer and febrile neu-

tropenia and low risk of bacterial infection was less safe than non-

early discharge, or that very early discharge of children with can-

cer and febrile neutropenia and low risk of bacterial infection was

less safe than early discharge in a carefully selected, carefully in-

structed and well-monitored group. However, it should be taken

into account that the included studies were relatively small, thus

the non-significant differences could be due to, for example, a lack

of power. There was a significant reduction of costs for the early

discharge group in comparison to the non-early discharge group,

which could be different in other countries and thus needs to be

evaluated by other research groups.

The two available studies provided very limited evidence about

the effects of very early discharge and early discharge. The lack

of evidence to inform practice decisions justifies the evaluation of

these discharge strategies in a trial setting in hospitals/oncology

wards where close monitoring of very early and early discharged

participants by well-trained employees is guaranteed.

20Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Implications for research

Further research in large randomized controlled trials is required

to confirm or contradict that early discharge is not less safe than

non-early discharge, and that very early discharge is not less safe

than early discharge. In our opinion, it would also be valuable to

have more information on quality of life, costs and duration of

treatment. In addition, at this time, it is not clear which low-risk

criteria are superior, and future studies should address this matter

with the objective of establishing uniform low-risk criteria.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Brack 2012

Methods Randomized controlled trial

Study design: parallel group

Participants Children with cancer presenting with febrile neutropenia after non-myeloablative che-

motherapy

Age: 1-18 years

The study enrolled 52 children with a total of 62 episodes with low risk of adverse events

Children at low risk fulfilled 10 pre-defined low-risk criteria, and 6 additional criteria

regarding continuity of supportive therapy, and applicability of oral antimicrobial treat-

ment

Low-risk criteria

• Diagnosis not acute myeloid leukaemia/mature B acute lymphoid leukaemia/non-

Hodgkin lymphoma

• Bone marrow involvement < 25%

• No arterial hypotension (mean arterial blood pressure < 50 mm Hg (aged < 10

years)/< 60 mm Hg (aged ≥ 10 years))

• No hypo-oxygenation (SpO2 < 94% at ambient air)

• No radiologically defined pneumonia

• No focal infection

• Initial blood cultures reported negative

• No other need for hospitalization (treating physician)

• Never shaking chills observed

• Temperature always < 39.5 °C

Additional criteria: continuity of supportive therapy

• No antibacterial therapy before febrile neutropenia except PJP prophylaxis

• No start/modification of PJP prophylaxis

• No start/modification of G-CSF therapy

Additional criteria: applicability of oral antimicrobial therapy

• No known allergy to ciprofloxacin/amoxicillin

• Serum creatinine level below upper limit of normal range

• Able to swallow oral medication

Definition of neutropenia: ANC ≤ 500/µL

Definition of fever: axillary recording of ≥ 38.5 °C once or ≥ 38.0 °C during ≥ 2 hours

Sex: very early discharge 41% boys; early discharge 44% boys

ANC < 100/µL at presentation (%); very early discharge 72%; early discharge 47%

Type of malignancy (%): acute lymphoblastic leukaemia; very early discharge 48%; early

discharge 53%. Tumour of the central nervous system; very early discharge 11%; early

discharge 12%. Solid tumour outside the central nervous system; very early discharge

41%; early discharge 35%

Interventions After 8-22 hours of inpatient therapy, children who fulfilled low-risk criteria were ran-

domized to very early discharge or early discharge. Children randomized to very early

discharge were given a combination of oral ciprofloxacin plus oral amoxicillin, and were

discharged within 9-24 hours from presentation with febrile neutropenia. These children
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Brack 2012 (Continued)

were rehospitalized in case of fever ≥ 38.0 °C within ≥ 5 days from presentation with

febrile neutropenia, and in case of shaking chills, toxic appearance, new signs of local

infection or any other reason for inpatient management as determined by the treating

physician. Discharge criteria for children randomized to early discharge were absence of

fever ≥ 38.0 °C for ≥ 48 hours, of toxic appearance and of any other reason for inpa-

tient management as determined by the treating physician. In both groups, modification

of therapy was suggested in case of bacteraemia known after re-assessment, signs and

symptoms of a local infection, toxic appearance or adverse event/intolerance requiring

its discontinuation. Criteria for ending antibiotics were no fever ≥ 38.0 °C for 48 hours,

an ANC > 500/µL or rising for ≥ 48 hours, no bacteraemia, no local infection and no

toxic appearance

Outcomes Primary outcomes

• Treatment failure; rehospitalization or adjustment of antimicrobial treatment (or

both)

• Treatment failure; death

Secondary outcomes

• Duration of antimicrobial treatment

• Duration of intravenous antimicrobial treatment

• Duration of oral antimicrobial treatment

Notes Follow-up continued daily during antimicrobial therapy, and every second day until the

resolution of severe neutropenia (ANC > 500/µL). Minimal required observations for

follow-up included history and physical examination at each visit, daily blood cultures

if febrile ≥ 38.0 °C, and complete blood cell count every second day

We contacted the authors of this study because their definition of outcome treatment

failure was slightly different from ours, i.e. in the included study fever > 48 hours,

bacteraemia, persistent symptoms and signs of local infection, and addition of antifungal

therapy were also considered as treatment failures while, in our review, these were not.

We asked the authors to specify the reasons for treatment failure of all episodes of which

the reason was not stated specifically or clearly in the full-text article, or both. They

responded swiftly and provided the requested data

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Randomization was block-strati-

fied per center and based on a list of ran-

dom numbers”

Allocation concealment (selection bias) Unclear risk Quote: “At randomization, one of a set of

numbered, sealed randomization envelopes

containing the randomization allocation

was opened by the treating oncologist”

Comment: not mentioned if envelopes

were opaque
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Brack 2012 (Continued)

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Blinding of participants and personnel was

not possible

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Blinding of outcome assessment of the var-

ious outcomes was not described

Incomplete outcome data (attrition bias)

All outcomes

Low risk Reason of the 1 episode lost to follow-up

stated (centre stopped study participation)

and unlikely to be related to true outcome.

Of the first episodes of all included children

none were lost to follow-up

Selective reporting (reporting bias) Unclear risk We cannot ascertain that unexpected effects

were not reported

Other bias High risk High risk of baseline imbalance. Quote:

“informed consent for randomization was

declined in 25 (27%), and randomization

was not performed for other reasons in 6

(6%)”

Comment: reasons not stated

Santolaya 2004

Methods Randomized controlled trial

Study design: parallel group

Participants Children with cancer, fever and neutropenia

Age: ≤ 18 years; mean age 55 months for the early discharge group and 66 months for

the non-early discharge group

Diagnosis: leukaemia, lymphoma and different types of solid tumours. No recipients of

stem-cell transplantation

The study enrolled 107 children with a total of 149 episodes at low risk for invasive

bacterial infection

Children at low risk had 0 or only criteria 4 or 5 of the following (Santolaya 2002):

• serum level of CRP ≥ 90 mg/L

• hypotension

• identification of relapse of leukaemia as the cancer type

• platelet count of ≤ 50,000 platelets/mm3

• recent (within < 8 days) receipt of chemotherapy

Definition of neutropenia: ANC < 500/µL

Definition of fever: 1 axillary recording of ≥ 38.5 °C or 2 recordings of ≥ 38 °C separated

by at least 1 hour

Sex: early discharge 43% boys; non-early discharge 49% boys

Mean ANC at presentation (95% CI); early discharge 146 /µL (111-182); non-early

discharge 137 /µL (98-180)
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Santolaya 2004 (Continued)

Interventions Children were randomised to ambulatory or hospital-based treatment of febrile neu-

tropenia after 24-36 hours after presentation. Low-risk children were discharged from

the hospital after 24-36 hours when assigned to the early discharge group and after a

mean of 5.3 days (range 3-9 days) when assigned to the non-early discharge group. After

a minimum of 3 days of intravenous antibiotics (ceftriaxone and teicoplanin); either

given on the ward for the inpatients or during the daily visit to the oncology clinic for

the ambulatory group, the decision to switch to oral antibiotics (cefuroxime axetil) was

made on an individual basis, based on pre-defined criteria. Criteria for ending antibiotics

were 2 consecutive CRP values ≤ 40 mg/L and 1 full day without fever

Outcomes Primary outcomes

• Treatment failure; rehospitalization or adjustment of antimicrobial treatment (or

both)

• Treatment failure; death

Secondary outcomes

• Duration of antimicrobial treatment

• Duration of intravenous antimicrobial treatment

• Duration of oral antimicrobial treatment

• Costs

Notes Follow-up continued daily until fever resolved and ANC ≥ 500/µL. Daily follow-up

consisted of physical examination, CRP measurement, monocyte until they reached 100

/µL and platelet counts until they reached 50,000/µL. For children with a positive

culture on admission a repeat culture was obtained at day 3

It should be noted that in this study the used antimicrobial therapy did not meet the

Infectious Diseases Society of America Clinical Practice Guidelines recommendations

for empiric antimicrobial therapy for febrile neutropenia of the time the study was

commenced. The used antimicrobial therapy did not cover for Pseudomonas bacteria,

which was the identified micro-organism in the only death in the study

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk The method was not described

Allocation concealment (selection bias) Unclear risk The method was not described

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Blinding of participants and personnel was

not possible

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Blinding of outcome assessment of the var-

ious outcomes was not described

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk It was not mentioned if there were partici-

pants lost to follow-up
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Santolaya 2004 (Continued)

Selective reporting (reporting bias) Unclear risk We could not ascertain that unexpected ef-

fects were not reported

Other bias Low risk We did not identify any other possible risk

of bias

ANC: absolute neutrophil count; CRP: C-reactive protein; G-CSF: granulocyte colony-stimulating factor; PJP: Pneumocystis jirovecii
pneumonia; SpO2: arterial oxygen saturation.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ahmed 2007 Both treatment groups were discharged ≥ 5 days after admission and thus fitted criteria for the same discharge

group, i.e. non-early discharge

Arora 2014 Conference abstract without sufficient information to use for this review

Feng 2014 Both treatment groups were discharged ≥ 5 days after admission and thus fitted criteria for the same discharge

group, i.e. non-early discharge

Georgala 2012 Study in adults

Gupta 2009 Both treatment groups were discharged immediately and thus fitted criteria for the same discharge group, i.e. very

early discharge

Kern 2013 Study in adults

Mathew 2014 Commentary (to Orme 2014, also in excluded studies)

Orme 2014 Study did not provide data to use in our comparisons. Potential early discharge was not a study question, moment

of discharge for both treatment groups was not reported

Paganini 2000 Both treatment groups were discharged after 72 hours and thus fitted criteria for the same discharge group, i.e. early

discharge

Shenep 2001 Participants were randomized to different antibiotic regimens, i.e. intravenous antibiotics vs. oral antibiotics. Po-

tential early discharge was not a study question, moment of discharge for both treatment groups was not reported
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D A T A A N D A N A L Y S E S

Comparison 1. Early discharge versus non-early discharge (note: number of participants refers to number of

episodes)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Treatment failure;

rehospitalization or adjustment

of antimicrobial treatment (or

both)

1 149 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.24, 3.50]

2 Costs (USD) 1 149 Mean Difference (IV, Fixed, 95% CI) -265.0 [-403.14, -

126.86]

3 Duration of antimicrobial

treatment; total (days)

1 149 Mean Difference (IV, Fixed, 95% CI) -0.30 [-1.22, 0.62]

4 Duration of antimicrobial

treatment; intravenous (days)

1 149 Mean Difference (IV, Fixed, 95% CI) -0.5 [-1.36, 0.36]

5 Duration of antimicrobial

treatment; oral (days)

1 149 Mean Difference (IV, Fixed, 95% CI) 0.20 [-0.51, 0.91]

Comparison 2. Very early discharge versus early discharge (note: number of participants refers to number of

episodes)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Treatment failure;

rehospitalization or adjustment

of antimicrobial treatment (or

both)

1 61 Risk Ratio (M-H, Fixed, 95% CI) 0.54 [0.15, 1.89]

2 Treatment failure;

rehospitalization or adjustment

of antimicrobial treatment (or

both), only first episode (note:

number of participants stated

instead of episodes)

1 51 Risk Ratio (M-H, Fixed, 95% CI) 0.32 [0.07, 1.40]
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Analysis 1.1. Comparison 1 Early discharge versus non-early discharge (note: number of participants refers

to number of episodes), Outcome 1 Treatment failure; rehospitalization or adjustment of antimicrobial

treatment (or both).

Review: Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia

Comparison: 1 Early discharge versus non-early discharge (note: number of participants refers to number of episodes)

Outcome: 1 Treatment failure; rehospitalization or adjustment of antimicrobial treatment (or both)

Study or subgroup Early discharge Non-early discharge Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Santolaya 2004 4/78 4/71 100.0 % 0.91 [ 0.24, 3.50 ]

Total (95% CI) 78 71 100.0 % 0.91 [ 0.24, 3.50 ]

Total events: 4 (Early discharge), 4 (Non-early discharge)

Heterogeneity: not applicable

Test for overall effect: Z = 0.14 (P = 0.89)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours early discharge Favours non-early dischar

Analysis 1.2. Comparison 1 Early discharge versus non-early discharge (note: number of participants refers

to number of episodes), Outcome 2 Costs (USD).

Review: Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia

Comparison: 1 Early discharge versus non-early discharge (note: number of participants refers to number of episodes)

Outcome: 2 Costs (USD)

Study or subgroup Early discharge Non-early discharge
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Santolaya 2004 78 638 (293) 71 903 (524) 100.0 % -265.00 [ -403.14, -126.86 ]

Total (95% CI) 78 71 100.0 % -265.00 [ -403.14, -126.86 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.76 (P = 0.00017)

Test for subgroup differences: Not applicable

-500 -250 0 250 500

Favours early discharge Favours non-early dischar

30Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.3. Comparison 1 Early discharge versus non-early discharge (note: number of participants refers

to number of episodes), Outcome 3 Duration of antimicrobial treatment; total (days).

Review: Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia

Comparison: 1 Early discharge versus non-early discharge (note: number of participants refers to number of episodes)

Outcome: 3 Duration of antimicrobial treatment; total (days)

Study or subgroup Early discharge Non-early discharge
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Santolaya 2004 78 6.1 (3.15) 71 6.4 (2.58) 100.0 % -0.30 [ -1.22, 0.62 ]

Total (95% CI) 78 71 100.0 % -0.30 [ -1.22, 0.62 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.64 (P = 0.52)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours early discharge Favours non-early dischar

Analysis 1.4. Comparison 1 Early discharge versus non-early discharge (note: number of participants refers

to number of episodes), Outcome 4 Duration of antimicrobial treatment; intravenous (days).

Review: Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia

Comparison: 1 Early discharge versus non-early discharge (note: number of participants refers to number of episodes)

Outcome: 4 Duration of antimicrobial treatment; intravenous (days)

Study or subgroup Early discharge Non-early discharge
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Santolaya 2004 78 4.3 (3.15) 71 4.8 (2.15) 100.0 % -0.50 [ -1.36, 0.36 ]

Total (95% CI) 78 71 100.0 % -0.50 [ -1.36, 0.36 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.14 (P = 0.25)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours early discharge Favours non-early dischar
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Analysis 1.5. Comparison 1 Early discharge versus non-early discharge (note: number of participants refers

to number of episodes), Outcome 5 Duration of antimicrobial treatment; oral (days).

Review: Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia

Comparison: 1 Early discharge versus non-early discharge (note: number of participants refers to number of episodes)

Outcome: 5 Duration of antimicrobial treatment; oral (days)

Study or subgroup Early discharge Non-early discharge
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Santolaya 2004 78 1.8 (2.25) 71 1.6 (2.15) 100.0 % 0.20 [ -0.51, 0.91 ]

Total (95% CI) 78 71 100.0 % 0.20 [ -0.51, 0.91 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.55 (P = 0.58)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours early discharge Favours non-early dischar

Analysis 2.1. Comparison 2 Very early discharge versus early discharge (note: number of participants refers

to number of episodes), Outcome 1 Treatment failure; rehospitalization or adjustment of antimicrobial

treatment (or both).

Review: Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia

Comparison: 2 Very early discharge versus early discharge (note: number of participants refers to number of episodes)

Outcome: 1 Treatment failure; rehospitalization or adjustment of antimicrobial treatment (or both)

Study or subgroup Very early discharge Early discharge Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Brack 2012 3/27 7/34 100.0 % 0.54 [ 0.15, 1.89 ]

Total (95% CI) 27 34 100.0 % 0.54 [ 0.15, 1.89 ]

Total events: 3 (Very early discharge), 7 (Early discharge)

Heterogeneity: not applicable

Test for overall effect: Z = 0.96 (P = 0.34)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours very early discha Favours early discharge
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Analysis 2.2. Comparison 2 Very early discharge versus early discharge (note: number of participants refers

to number of episodes), Outcome 2 Treatment failure; rehospitalization or adjustment of antimicrobial

treatment (or both), only first episode (note: number of participants stated instead of episodes).

Review: Very early discharge versus early discharge versus non-early discharge in children with cancer and febrile neutropenia

Comparison: 2 Very early discharge versus early discharge (note: number of participants refers to number of episodes)

Outcome: 2 Treatment failure; rehospitalization or adjustment of antimicrobial treatment (or both), only first episode (note: number of participants stated instead of

episodes)

Study or subgroup Very early discharge Early discharge Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Brack 2012 2/24 7/27 100.0 % 0.32 [ 0.07, 1.40 ]

Total (95% CI) 24 27 100.0 % 0.32 [ 0.07, 1.40 ]

Total events: 2 (Very early discharge), 7 (Early discharge)

Heterogeneity: not applicable

Test for overall effect: Z = 1.51 (P = 0.13)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours very early discha Favours early discharge

A P P E N D I C E S

Appendix 1. Search strategy for Cochrane Central Register of Controlled Trials (CENTRAL)

1. ForEarly discharge the following text words were used:

discharge* OR patient discharge OR patient discharge* OR ambulatory care OR “outpatient management” OR home treatment OR

out-patient OR outpatient OR outpatients OR outpatient care OR outpatient health service* OR early discontinuation OR discontinue

2. ForNeutropenia the following text words were used:

febrile neutropenia OR fever OR febrile neutropenic OR neutropenia OR fevers OR hyperthermia* OR pyrexia* OR neutropenias

OR febrile neutropenias

3. ForChildren the following text words were used:

infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies OR neonat* OR perinat* OR postnat*

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

4. ForChildhood cancer the following text words were used:

leukemia OR leukemi* OR leukaemi* OR childhood ALL OR AML OR lymphoma OR lymphom* OR hodgkin OR hodgkin* OR

T-cell OR B-cell OR non-hodgkin OR sarcoma OR sarcom* OR Ewing* OR osteosarcoma OR osteosarcom* OR wilms tumor OR

wilms* OR nephroblastom* OR neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom* OR teratoma OR

teratom* OR hepatoma OR hepatom* OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma OR medulloblastom*
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OR PNET* OR primitive neuroectodermal tumors OR retinoblastoma OR retinoblastom* OR meningioma OR meningiom* OR

glioma OR gliom* OR pediatric oncology OR paediatric oncology OR childhood cancer OR childhood tumor OR childhood tumors

OR brain tumor* OR brain tumour* OR brain neoplasms OR central nervous system neoplasm OR central nervous system neoplasms

OR central nervous system tumor* OR central nervous system tumour* OR brain cancer* OR brain neoplasm* OR intracranial

neoplasm* OR acute lymphocytic leukemia

5. 1 AND 2 AND 3 AND 4

The search was performed in title, abstract or keywords.

[*=zero or more characters]

Appendix 2. Search strategy for MEDLINE/PubMed

1. ForEarly discharge the following MeSH headings and text words were used:

discharge* OR patient discharge OR patient discharge* OR ambulatory care OR “outpatient management” OR home treatment OR

out-patient OR outpatient OR outpatients OR outpatient care OR outpatient health service* OR early discontinuation OR discontinue

2. ForNeutropenia the following MeSH headings and text words were used:

febrile neutropenia OR fever OR febrile neutropenic OR neutropenia OR fevers OR hyperthermia* OR pyrexia* OR neutropenias

OR febrile neutropenias

3. ForChildren the following MeSH headings and text words were used:

infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies OR neonat* OR perinat* OR postnat*

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

4. ForChildhood cancer the following MeSH headings and text words were used:

(((leukemia OR leukemi* OR leukaemi* OR (childhood ALL) OR AML OR lymphoma OR lymphom* OR hodgkin OR hodgkin* OR

T-cell OR B-cell OR non-hodgkin OR sarcoma OR sarcom* OR sarcoma, Ewing’s OR Ewing* OR osteosarcoma OR osteosarcom* OR

wilms tumor OR wilms* OR nephroblastom* OR neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom*

OR teratoma OR teratom* OR hepatoma OR hepatom* OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma

OR medulloblastom* OR PNET* OR neuroectodermal tumors, primitive OR retinoblastoma OR retinoblastom* OR meningioma

OR meningiom* OR glioma OR gliom*) OR (pediatric oncology OR paediatric oncology)) OR (childhood cancer OR childhood

tumor OR childhood tumors)) OR (brain tumor* OR brain tumour* OR brain neoplasms OR central nervous system neoplasm OR

central nervous system neoplasms OR central nervous system tumor* OR central nervous system tumour* OR brain cancer* OR brain

neoplasm* OR intracranial neoplasm*) OR (leukemia lymphocytic acute) OR (leukemia, lymphocytic, acute[mh])

5. ForRCTs and CCTs the following MeSH headings and text words were used:

(randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR

randomly[tiab] OR trial[tiab] OR groups[tiab]) AND humans[mh]

6.1 AND 2 AND 3 AND 4 AND 5

[pt = publication type; tiab = title, abstract; sh = subject heading; mh = MeSH term; RCT = randomized controlled trial; CCT =

controlled clinical trial]
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Appendix 3. Search strategy for EMBASE/Ovid

1. ForEarly discharge the following Emtree terms and text words were used:

1. (discharge$ or patient discharge$).mp.

2. patient discharge.mp. or exp Hospital Discharge/

3. ambulatory care.mp. or exp Ambulatory Care/

4. outpatient management.mp.

5. home treatment.mp. or exp Home Care/

6. out-patient.mp.

7. exp OUTPATIENT CARE/ or outpatient.mp. or exp OUTPATIENT/

8. outpatients.mp.

9. outpatient health service$.mp.

10. (early discontinuation or discontinue).mp.

11. or/1-10

2. ForNeutropenia the following Emtree terms and text words were used:

1. febrile neutropenia.mp.

2. febrile neutropenias.mp.

3. febrile neutropenic.mp.

4. exp Febrile Neutropenia/

5. exp NEUTROPENIA/ or neutropenia.mp.

6. fever.mp. or exp FEVER/

7. fevers.mp.

8. Hyperthermia/

9. hyperthermia$.mp.

10. hyperthermia.mp.

11. pyrexia.mp.

12. pyrexia$.mp.

13. (neutropenias or neutropaenia or neutropaenias).mp.

14. or/1-13

3. ForChildhood cancer the following Emtree terms and text words were used:

1. (leukemia or leukemi$ or leukaemi$ or (childhood adj ALL) or acute lymphocytic leukemia).mp.

2. (AML or lymphoma or lymphom$ or hodgkin or hodgkin$ or T-cell or B-cell or non-hodgkin).mp.

3. (sarcoma or sarcom$ or Ewing$ or osteosarcoma or osteosarcom$ or wilms tumor or wilms$).mp.

4. (nephroblastom$ or neuroblastoma or neuroblastom$ or rhabdomyosarcoma or rhabdomyosarcom$ or teratoma or teratom$ or

hepatoma or hepatom$ or hepatoblastoma or hepatoblastom$).mp.

5. (PNET or medulloblastoma or medulloblastom$ or PNET$ or neuroectodermal tumors or primitive neuroectodermal tumor$ or

retinoblastoma or retinoblastom$ or meningioma or meningiom$ or glioma or gliom$).mp.

6. (pediatric oncology or paediatric oncology).mp.

7. ((childhood adj cancer) or (childhood adj tumor) or (childhood adj tumors) or childhood malignancy or (childhood adj malignancies)

or childhood neoplasm$).mp.

8. ((pediatric adj malignancy) or (pediatric adj malignancies) or (paediatric adj malignancy) or (paediatric adj malignancies)).mp.

9. ((brain adj tumor$) or (brain adj tumour$) or (brain adj neoplasms) or (brain adj cancer$) or brain neoplasm$).mp.

10. (central nervous system tumor$ or central nervous system neoplasm or central nervous system neoplasms or central nervous system

tumour$).mp.

11. intracranial neoplasm$.mp.

12. LEUKEMIA/ or LYMPHOMA/ or brain tumor/ or central nervous system tumor/ or teratoma/ or sarcoma/ or osteosarcoma/

13. nephroblastoma/ or neuroblastoma/ or rhabdomyosarcoma/ or hepatoblastoma/ or medulloblastoma/ or neuroectodermal tumor/

or retinoblastoma/ or meningioma/ or glioma/ or childhood cancer/

14. or/1-13

4. ForChildren the following Emtree terms and text words were used:

1. infant/ or infancy/ or newborn/ or baby/ or child/ or preschool child/ or school child/

2. adolescent/ or juvenile/ or boy/ or girl/ or puberty/ or prepuberty/ or pediatrics/

3. primary school/ or high school/ or kindergarten/ or nursery school/ or school/
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4. or/1-3

5. (infant$ or newborn$ or (new adj born$) or baby or baby$ or babies or neonate$ or perinat$ or postnat$).mp.

6. (child$ or (school adj child$) or schoolchild$ or (school adj age$) or schoolage$ or (pre adj school$) or preschool$).mp.

7. (kid or kids or toddler$ or adoles$ or teen$ or boy$ or girl$).mp.

8. (minors$ or (under adj ag$) or underage$ or juvenil$ or youth$).mp.

9. (puber$ or pubescen$ or prepubescen$ or prepubert$).mp.

10. (pediatric$ or paediatric$ or peadiatric$).mp.

11. (school or schools or (high adj school$) or highschool$ or (primary adj school$) or (nursery adj school$) or (elementary adj school)

or (secondary adj school$) or kindergar$).mp.

12. or/5-11

13. 4 or 12

5. ForRCTs and CCTs the following Emtree terms and text words were used:

1. (randomized controlled trial or controlled clinical trial).mp.

2. (randomized or placebo or randomly or trial or groups).ti,ab.

3. drug therapy.sh.

4. 1 or 2 or 3

5. limit 4 to human

6. 1 and 2 and 3 and 4 and 5

[mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer name;

sh = subject heading; ti,ab = title, abstract; / = Emtree term; RCT = randomized controlled trial; CCT = controlled clinical trial]

Appendix 4. Search strategy for conference proceedings

We handsearched the conference proceedings of the following conferences:

The International Society of Paediatric Oncology (SIOP) annual meeting. Search in abstract books: all titles in “supportive care”

section, full document search for individual terms “febrile”, “fever”, “neutropen” and “discharge”.

The Multinational Association of Supportive Care in Cancer (MASCC)/International Society of Oral Oncology (ISOO). Search

in abstract books: all titles in “pediatrics” and “neutropenia-infections” sections.

The European Society for Paediatric Infectious Diseases (ESPID). Search in abstract books: full document for “febrile”, “cancer”

and “oncol”.

The European Hematology Association (EHA). Search in abstract books: all titles in “infectious diseases, supportive care” and “health

economics” sections.

The Infectious Diseases Society of America (IDSA). Search in abstract books: full document search for “pediatric oncol”, “cancer”

and “febrile neutropen”.

The American Society of Hematology (ASH). Search in online abstract books: individual searches for “febrile neutropenia”, “pediatric

oncology” and “children with cancer”.

The American Society of Clinical Oncology (ASCO). Search in online annual meeting abstracts library: (“febrile neutropenia” OR

“febrile neutropenic”) AND (“pediatric” OR “child”).

The American Academy of Pediatrics (AAP). Search in online abstract books: individual searches for “febrile”, “cancer” and “oncology”.

Appendix 5. Search strategy for trial registers

International Standard Randomised Controlled Trials Number (ISRCTN) by www.isrctn.com

At the advanced search page, the following searches were performed:

Text search: febrile neutropenia, conditions: cancer, participant age range: child

Text search: fever, conditions: cancer, participant age range: child

Text search: febrile neutropenia

National Institute of Health (NIH) register, by clinicaltrials.gov

At the advances search page, the following search was performed:

Search terms: febrile neutropenia, conditions: cancer, age group: child

World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) by apps.who.int/trialsearch/

The following searches were performed:
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febrile AND neutropen* AND child* AND cancer

febrile AND neutropen* AND pediatr* AND oncol*

fever AND child* AND cancer

fever AND pediatr* AND oncol*

C O N T R I B U T I O N S O F A U T H O R S

EMP and ESJMB designed the study.

EMP wrote the protocol.

WJET and ESJMB revised the protocol.

EAHL, EMP, WJET and ESJMB performed the searches, data extraction and risk of bias assessment.

HMB, EAHL, EMPand WJET performed the statistical analysis.

EAHL and EMP wrote the review.

WJET, ESJMB and HMB revised the review.

All authors approved the final version of the review.

D E C L A R A T I O N S O F I N T E R E S T

None known.

S O U R C E S O F S U P P O R T

Internal sources

• No sources of support supplied

External sources

• The Foundation of Pediatric Oncology Groningen (SKOG 03-001), Netherlands.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

We changed the ’Primary outcomes’ changed from “.... rehospitalization due to febrile neutropenia” to “.... rehospitalization or

adjustment of antimicrobial treatment (or both) related to febrile neutropenia (participant deterioration or other febrile neutropenia-

related causes)”, as rehospitalization is not a good parameter for treatment failure for people who receive in-hospital treatment.

Adjustment of antimicrobial treatment is a more accurate parameter. In addition, we added “patient deterioration or other febrile

neutropenia-related causes” between parentheses to emphasize that narrowing of antibiotic therapy when blood culture was known was

not as an adverse outcome.

We changed the definition of non-early discharge in the ’Methods’ section from “Non-early discharge was defined as discharge from

in-hospital treatment after at least five days” to “Non-early discharge as discharge from in-hospital treatment after (a mean or median

of ) at least five days”, as otherwise important studies comparing of in-hospital treatment might be excluded. For the same reason, we

changed “Early discharge from hospital treatment was defined as discharge from the hospital before patients had received five days of

in-hospital treatment” was changed to “early discharge as discharge from in-hospital treatment (with a mean or median of ) less than

five days after presentation with fever and neutropenia” and “Very early discharge was defined as discharge from in-hospital treatment
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within 24 hours after presentation with fever and neutropenia” to “very early discharge as discharge from in-hospital treatment (with a

mean or median of ) less than 24 hours after presentation with fever and neutropenia”.

We added the durations of intravenous and oral antibiotics to the secondary outcomes as they provide information about whether the

different treatment groups were comparable.

After publication of the protocol, the Childhood Cancer Group adjusted the risk of bias criteria and their definitions based on a new

version of the Cochrane Handbook for Systematic Reviews of Interventions; we used the updated version of their criteria (Higgins 2011).

We handsearched more conference proceedings than stated in the protocol to yield additional studies. In the protocol, we stated that

we would handsearch the conference proceedings of the International Society for Paediatric Oncology (SIOP), the American Society of

Clinical Oncology (ASCO) and the Multinational Association for Supportive Care in Cancer (MASCC). We have added the conference

proceedings of the European Society for Paediatric Infectious Diseases (ESPID), the Infectious Diseases Society of America (IDSA),

the European Hematology Association (EHA), the American Society of Hematology (ASH) and the American Academy of Pediatrics

(AAP) to our search.

We have searched more trial registers than stated in the protocol to yield additional ongoing trials. In the protocol, we stated that we

would search the ISRCTN Register and the National Institute of Health (NIH) Register. We have added the World Health Organization

(WHO) ICTRP Register to our search.

In the protocol, we did not state that we would include ’Summary of findings’ tables. As this is strongly recommended in the most

recent version of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011), we included ’Summary of findings’

tables.

I N D E X T E R M S

Medical Subject Headings (MeSH)

∗Length of Stay; ∗Patient Discharge; ∗Standard of Care; Anti-Bacterial Agents [therapeutic use]; Febrile Neutropenia [∗chemically

induced]; Neoplasms [∗drug therapy]; Randomized Controlled Trials as Topic; Time Factors

MeSH check words

Child; Humans
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