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ABSTRACT

Background

Febrile neutropeniais a frequent adverse event experienced by people with cancer who are undergoing chemotherapy, and is a potentially
life-threatening situation. The current treatment is supportive care plus antibiotics. Colony-stimulating factors (CSFs), such as granulocyte-
CSF (G-CSF) and granulocyte-macrophage CSF (GM-CSF), are cytokines that stimulate and accelerate the production of one or more cell
linesinthe bone marrow. Clinical trials have addressed the question of whether the addition of a CSF to antibiotics could improve outcomes
in individuals diagnosed with febrile neutropenia. However, the results of these trials are conflicting.

Objectives

To evaluate the safety and efficacy of adding G-CSF or GM-CSF to standard treatment (antibiotics) when treating chemotherapy-induced
febrile neutropenia in individuals diagnosed with cancer.

Search methods

We conducted the search in March 2014 and covered the major electronic databases: the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase, LILACS, and SCI. We contacted experts in hematology and oncology and also scanned the citations from
the relevant articles. In addition, we also searched for economic evaluations via MEDLINE(R) In-Process & Other Non-Indexed Citations,
Embase, CENTRAL and NHS Economic Evaluation Database in May 2015 to support a Brief Economic Commentary (BEC).

Selection criteria

We searched for randomized controlled trials (RCTs) and economic evaluations that compared CSF plus antibiotics versus antibiotics alone
for the treatment of chemotherapy-induced febrile neutropenia in adults and children.

Data collection and analysis

We used the standard methodological procedures expected by The Cochrane Collaboration. We performed meta-analysis of the selected
studies using Review Manager 5 software.

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 1
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Main results

Fourteen RCTs (15 comparisons) including a total of 1553 participants addressing the role of CSF plus antibiotics in febrile neutropenia
were included. Overall mortality was not improved by the use of CSF plus antibiotics versus antibiotics alone (hazard ratio (HR) 0.74 (95%
confidence interval (Cl) 0.47 to 1.16) P = 0.19; 13 RCTs; 1335 participants; low quality evidence). A similar finding was seen for infection-
related mortality (HR 0.75 (95% Cl 0.47 to 1.20) P = 0.23; 10 RCTs; 897 participants; low quality evidence). Individuals who received CSF
plus antibiotics were less likely to be hospitalized for more than 10 days (risk ratio (RR) 0.65 (95% CI 0.44 to 0.95) P = 0.03; 8 RCTs; 1221
participants; low quality evidence) and had more number of participants with a more faster neutrophil recovery (RR 0.52 (95% Cl 0.34
to 0.81) P = 0.004; 5 RCTs; 794 participants; moderate quality evidence) than those treated with antibiotics alone. Similarly, participants
receiving CSF plus antibiotics had shorter duration of neutropenia (standardized mean difference (SMD) -1.70 (95% Cl -2.65 to -0.76) P =
0.0004; 9 RCTs; 1135 participants; moderate quality evidence), faster recovery from fever (SMD -0.49 (95% CI -0.90 to -0.09) P value = 0.02;
9 RCTs; 966 participants; moderate quality evidence) and shorter duration of antibiotics use (SMD -1.50 (95% Cl -2.83 to -0.18) P = 0.03; 3
RCTs; 457 participants; low quality evidence) compared with participants receiving antibiotics alone. We found no significant difference in
the incidence of deep venous thromboembolism (RR 1.68 (95% CI 0.72 to 3.93) P = 0.23; 4 RCTs; 389 participants; low quality evidence) in
individuals treated with CSF plus antibiotics compared with those treated with antibiotics alone. We found higher incidence of bone or joint
pain or flu-like symptoms (RR 1.59 (95% Cl 1.04 to 2.42) P = 0.03; 6 RCTs; 622 participants; low quality evidence) in individuals treated with
CSF plus antibiotics compared with those treated with antibiotics alone. Overall, the methodological quality of studies was moderate to
low across different outcomes. The main reasons to downgrade the quality of evidence were inconsistency across the included studies and
imprecision of results. No full economic evaluations were identified. Several of the included RCTs identified economic benefits regarding
a reduction in overall length of stay attributable to the use of CSF plus antibiotics, however they fell short of undertaking a full economic
evaluation.

Authors' conclusions

The use of a CSF plus antibiotics in individuals with chemotherapy-induced febrile neutropenia had no effect on overall mortality, but
reduced the amount of time participants spent in hospital and improved their ability to achieve neutrophil recovery. It was not clear
whether CSF plus antibiotics had an effect on infection-related mortality. Participants receiving CSFs had shorter duration of neutropenia,
faster recovery from fever and shorter duration of antibiotics use. The current scarcity of relevant economic evaluations highlights an
evidence gap and the need for further research fully explore the cost-effectiveness of these treatment alternatives.

PLAIN LANGUAGE SUMMARY

Does administering colony-stimulating factors plus antibiotics in people with fever and low white cell count reduce hospitalization?

Background: People undergoing chemotherapy often experience febrile neutropenia, characterized by a high temperature combined with
a low white blood cell count. Febrile neutropenia is a potentially life-threatening condition and requires prompt medical intervention.
The standard treatment for febrile neutropenia includes supportive care of fluids, electrolytes (any substance that contains free ions
that can conduct electricity given either intravenously or orally) and antibiotics given either orally or intravenously.Review question:
Whether colony-stimulating factors (CSFs) (hormones that stimulate the production of white blood cells) added to antibiotics are better
than antibiotics alone in the treatment of febrile neutropenia caused by cancer chemotherapy?

Literaturesearch date: March 2014 and May 2015 for the economic evaluation. Main findings: We identified 14 randomized controlled
trials (RCTs) enrolling a total of 1553 participants. Six trials were funded by industry alone and 3 trials were jointly funded by industry and
public sources and only 1 trial was funded by public sources alone. Our study shows that although CSFs do not appear to improve survival,
they shorten the amount of time a person spends in hospital and increase their chances that white blood cells will recover to normal
levels. It is not clear whether the use of a CSF reduces the number of people who die due to infection. Our study shows that CSFs shorten
the time taken for the white blood cells to return to normal levels, recovery from fever and stopping antibiotics. The number of patients
suffering from treatment related harms such as blood clots in the veins were similar between patients receiving CSF and antibiotics and
antibiotics alone. The number of patients experiencing bone or joint pain or flu-like symptoms was higher among individuals receiving CSF
and antibiotics compared with individuals receiving antibiotics alone. No economic evaluations were identified. Several of the included
RCTs identified economic benefits regarding a reduction in overall length of stay attributable to the use of CSF plus antibiotics, however
they fell short of undertaking a full economic evaluation. Quality of the evidence: The overall methodological quality of included studies
was moderate to low.

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 2
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SUMMARY OF FINDINGS

Summary of findings 1. Benefits and harms of CSF plus antibiotics versus antibiotics alone

CSF plus ATB compared to ATB alone for chemotherapy induced febrile neutropenia

Population: people with chemotherapy-induced febrile neutropenia

Settings: in-patient/hospital
Intervention: CSF plus ATB
Comparison: ATB alone

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Participants  Quality of the evi-
(95% Cl) (studies) dence
Assumed risk Corresponding risk (GRADE)
ATB alone CSF + ATB
Overall mortality Study population HR0.74 1335 ®POO
(0.47 0 1.16) (13) lowl.2.3
70 per 1000 52 per 1000
(33 to 80)
Moderate
29 per 1000 22 per 1000
(14 to 34)
Infection-related mortal-  Study population RR0.75 897 P00
ity (0.47 t0 1.20) (10) lowl.2,3
56 per 1000 43 per 1000
(27 to 67)
Moderate
22 per 1000 17 per 1000
(10 to 26)
People hospitalized for>  Study population RR 0.65 1087 P00
10 days (0.44 t0 0.95) (7) low3:4
349 per 1000 227 per 1000
(153 to 331)
Moderate
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338 per 1000 220 per 1000
(149 to 321)
Duration of grade IVneu-  The mean duration of grade IV neutropenia in the intervention groups SMD -1.70 1135 SDOO
tropenia (lower values was (9) low3,5
signify better outcomes) 1.70 standard deviations lower (-2.65t0-0.76)
(2.65to0 0.76 lower)
Time to recovery from The mean time to recovery from fever in the intervention groups was SMD -0.49 966 DO
fever 0.49 standard deviations lower 9) low3,6
(0.9 t0 0.09 lower) (-0.9t0-0.09)
(lower values signify bet-
ter outcomes)
Time to withdrawal from  The mean time to withdrawal from ATB in the intervention groups was SMD -1.5 457 PO
ATB 1.5 standard deviations lower (3) low3,7
(2.83 t0 0.18 lower) (-2.83t0-0.18)
(lower values signify bet-
ter outcomes)
Deep vein thrombosis Study population RR1.68 389 SPOO
(0.72 t0 3.93) (4) lowl;3
26 per 1000 43 per 1000
(18 to 101)
Moderate
5 per 1000 8 per 1000
(4 to 20)

*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% Cl) is based on the as-

sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
ATB: antibiotics; Cl: confidence interval; HR: hazard ratio; RR: risk ratio; SMD: standardized mean difference

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Seven of the included articles described an adequate method of randomization (Anaissie 1996; Aviles 1996; Garcia-Carbonero 2001; Lopez-Hernandez 2000; Riikonen 1994,
Vellenga 1996; Yoshida 1999) and five reported adequate concealment of the sequence of allocation (Aviles 1996; Garcia-Carbonero 2001; Maher 1994; Mayordomo 1995; Mitchell
1997). Seven trials were placebo controlled (Arnberg 1998; Biesma 1990; Maher 1994; Mayordomo 1995; Mitchell 1997; Riikonen 1994; Vellenga 1996). Asample size was preplanned
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in seven (Garcia-Carbonero 2001; Maher 1994; Mayordomo 1995; Mitchell 1997; Ravaud 1998; Vellenga 1996; Rodriguez 2005), but the planned number was not reached in one
trial (Ravaud 1998). Hence we downgraded the quality of evidence by 1 for the risk of bias (also see footnote # 2 below).

2 Of all the included trials only that by Aviles et al (Aviles 1996) appeared to show a benefit of CSF plus antibiotics compared with antibiotics alone for the outcome of overall
mortality. It is important to note that 33% (15 of 45) of the events for this outcome in the control group were reported in this trial. These 15 deaths represent 33% (15 of 45) of the
total of deaths in the control group among all trials. Similarly, there were 15 infection-related deaths among the 471 participants randomized to the intervention group and 25
among 426 randomized to the control group. However, it is important to note that 60% (15 of 25) of the events in the control group were reported in one study (Aviles 1996).

3 A majority of the individual randomized controlled trials and the pooled estimates have wide Cls. We downgraded the quality of evidence by 1 for the observed imprecision.

4 Substantial heterogeneity was detected (P =0.0009, 12 =70%). As planned, we explored the possible causes of heterogeneity to determine if it was appropriate to pool the trials.
All trials but one trial (Yoshida 1999) had a point estimate that favored the intervention group. This trial enrolled only people with hematological malignancies. We explored
the impact of type of malignancy on number of participants hospitalized for more than 10 days (Subgroup analysis and investigation of heterogeneity: type of malignancy). The
trials enrolling people with mixed cancers favored the use of CSF plus antibiotics (RR 0.64, 95% Cl 0.45 to 0.89) compared with trial enrolling people with only hematological
malignancies (RR1.17,95% Cl 0.81 to 1.70) (test of interaction P = 0.02) for the outcome of number of participants hospitalized for more than 10 days (Analysis 5.1). We also noticed
that only two trials reached statistical significance (Maher 1994; Mayordomo 1995). By inspecting the forest plot, we could detect that trial by Mayordomo et al (Mayordomo
1995) and Maher et al (Maher 1994) indicated a much stronger effect than that detected in all other trials. We therefore repeated our analysis, excluding these trials (Maher 1994;
Mayordomo 1995). The exclusion resulted in a substantial reduction in the statistical heterogeneity (12 = 48%; P = 0.10) and the significance of the effect of CSF plus antibiotics on
this outcome disappeared (RR 0.85,95% Cl =0.61 to 1.17; P = 0.32). Hence we downgraded the quality of evidence by 1 for the observed inconsistency.

5 Considerable heterogeneity was detected (P value <0.00001, 12=98%). In a subgroup analysis according to CSF type, G-CSF showed a statistically significantly stronger beneficial
effect than GM-CSF for the outcome of duration of grade IV neutropenia (Analysis 3.3). Nonetheless, we downgraded the quality of evidence by 1 for the observed inconsistency.
6 Considerable heterogeneity was detected (P value <0.00001, I2 = 89%). We downgraded the quality of evidence by 1 for the observed inconsistency.

7 Considerable heterogeneity was detected (P value <0.00001, 12 = 97%). We downgraded the quality of evidence by 1 for the observed inconsistency. We noted that in all of these
trials the mean/median duration of ATB use was similar (mean of 5 days) among patients receiving CSF. However, the high precision observed around the effect size in the trial by
Garcio-Carbonero et al (Garcia-Carbonero 2001) compared with other two trial estimates was potentially leading to the substantial heterogeneity. The heterogeneity disappeared
completely once we removed this trial from the analysis (P value = 0.72, 12 = 0%) and the overall effect still showed benefit with the use of CSF plus ATB compared with ATB alone.
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BACKGROUND

Description of the condition

Febrile neutropenia is a relatively frequent event in people with
cancer receiving chemotherapy. It is a potentially life-threatening
condition and requires prompt medical intervention (Pizzo 1999).
Febrile neutropenia is one of the most concerning complications
of cancer chemotherapy and is a major cause of morbidity,
healthcare resource use and compromised efficacy resulting from
delays and dose reductions in chemotherapy. Mortality from
febrile neutropenia has diminished steadily but remains significant.
Overall mortality rates are around 5% in people with solid tumours
(1% in low-risk people) and as high as 11% in people diagnosed
with some hematological malignancies. Prognosis is worst in
people with proven bacteremia, with mortality rates of 18% and
5% reported in people with Gram-negative and Gram-positive
bacteremia, respectively. Elderly people are at a higher risk of
febrile neutropenia following chemotherapy, with worse morbidity
and mortality rates (de Naurois 2010).

Chemotherapy-induced febrile neutropenia is a potentially life-
threatening complication for which the incidence and mortality
varies according to cancer type and chemotherapy regimen.
The economic burden of the complication has been estimated
in the literature, however, estimated costs are variable. One
study suggests that for solid tumour patients within a routine
oncology hospital setting the average cost per episode is $3855
(2013 US$) ("adjusted from 2007 GBP to 2014 US$ using CCEMG-
EPPI cost conversion tool (http://eppi.ioe.ac.uk/costconversion/
default.aspx) (Schelenz 2012) whilst a review of cost-of-illness
studies in lymphoma patients experiencing febrile neutropenia
found large variation in the cost estimates ranging from $5819 to
$34,756 (2013 USS) per episode (Wang 2015)

Description of the intervention

The standard treatment for febrile neutropeniaincludes supportive
care plus broad-spectrum antibiotics (Pizzo 1999). There is no
consensus in the literature as to which antibiotics or combination
of antibiotics is ideal for the treatment for febrile neutropenia
(Giamerellou 2001). Hematopoietic growth-stimulating factors are
a class of cytokines that regulate the proliferation, differentiation,
and functions of hematopoietic cells (Griffin 2001). More than 20
different types of stimulating factor have been identified (Griffin
2001) and many have been tested in clinical studies for different
applications (Griffin 2001; Segal 2001). Among them, granulocyte
colony-stimulating factor (G-CSF) and granulocyte-macrophage
colony-stimulating factor (GM-CSF) have been studied in people
with cancer because of their potential effect on neutropenia.

How the intervention might work

G-CSF regulates the production of the neutrophil lineage. The
administration of G-CSF to humans results in a dose-dependent
increase in circulating neutrophils (Griffin 2001; Petros 2001),
due mainly to a reduction in transit time from stem cell to
mature neutrophil (Griffin 2001). GM-CSF stimulates the growth
of granulocyte, macrophage and eosinophil colonies (Griffin 2001;
Petros 2001). The administration of GM-CSF to humans results
in a dose-dependent increase in blood neutrophils, eosinophils,
macrophages and sometimes lymphocytes (Griffin 2001; Petros
2001). Different types of G-CSF and GM-CSF have been tested in

clinical trials and are available. Among the most used G-CSFs are
filgrastim and lenograstim, and among the most used GM-CSFs are
sargramostim and molgramostim. Both G-CSFs and GM-CSFs have
been demonstrated to be effective in reducing the incidence of
febrile neutropenia when given immediately after chemotherapy
(Freyer 1998; Lyman 2002) and as supportive therapy in people
undergoing bone marrow transplantation (Griffin 2001; Petros
2001). The known effect of G-CSF and GM-CSF in increasing the
number of circulating neutrophils provided the background for
clinical studies designed to assess their role as adjunct therapy to
antibiotics in people diagnosed with febrile neutropenia.

Why it is important to do this review

The results of randomized controlled trials (RCTs) addressing the
role of CSFs in the management of febrile neutropenia have
not been clear and conflicting findings have been published.
Whereas two studies found no significant effect of CSFs in the
prevention of prolonged hospitalization (Anaissie 1996; Maher
1994), Another reported CSFs to have a significantimpact on length
of hospitalization (Riikonen 1994). Time to recovery from fever
was favorably affected by CSF in two studies (Mayordomo 1995;
Ravaud 1998) but not in another (Vellenga 1996). Also, different
results regarding the use of CSFs have been reported in people
classified as having a low or high baseline risk of developing a life-
threatening complication (Ravaud 1998). Individually, these studies
included fewer than 220 participants, and this factor, in addition
to reported low rates of clinical events such as death, means that
they may have been underpowered to detect a difference between
the treated groups. Conflicting results obtained from small studies
demands the conduct of a systematic review of the literature
(Egger 2001) in order to extend the totality of evidence to allow
informed medical decision. Accordingly, in 2000, we conducted
and published a Cochrane systematic review addressing the role
of CSF plus antibiotics versus antibiotics alone in individuals with
chemotherapy-induced febrile neutropenia (Clark 2000). However,
since the publication of this review, further RCTs in this area have
been published. This gave us an impetus to update our previous
systematic review.

OBJECTIVES

To evaluate the safety and efficacy of adding G-CSF or GM-CSF
to standard treatment (antibiotics) when treating chemotherapy-
induced febrile neutropenia in individuals diagnosed with cancer.

METHODS

Criteria for considering studies for this review
Types of studies

We included all randomized controlled trials (RCTs) with a parallel
design that compared the use of a CSF plus antibiotics versus
antibiotics alone for the treatment of individuals with established
chemotherapy-induced febrile neutropenia. We also looked for full
economic evaluations.

Types of participants

Individuals undergoing chemotherapy for cancer who experienced
neutropenia (absolute neutrophil count (ANC) less than 1 x 109/L
(1000/mm3)) and fever (body temperature higher than 38.5°C on
one occasion or higher than 38°C on two or more occasions).

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 6
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Types of interventions

Intervention group: G-CSF or GM-CSF plus antibiotics
Control group: antibiotics plus no further treatment or placebo

Types of outcome measures
Primary outcomes

o Overall mortality
« Infection-related mortality

Secondary outcomes

« Number of people hospitalized for more than 10 days

« Time to neutrophil recovery (number of people with
neutropenia (ANC < 1000/mm3) for more than 5 to 10 days)

« Duration (measured in days) of grade IV neutropenia (ANC <500/
mm3)

« Time to recovery from fever

« Time to withdrawal from antibiotics

« Time to defervescence (the abatement of a fever due to a
decrease in body temperature)

« Treatment-related harms, including deep vein thrombosis (DVT)
and bone, joint pain or flu like symptoms

Search methods for identification of studies
Electronic searches

We performed a wide search on the main computerized databases
of interest. For the original review, the search dates were: the
Cochrane Central Register of Controlled Trials (CENTRAL) (Issue
1, 2003), MEDLINE (1966 to 2002), EMBASE (1974 to 2001), LILACS
(1980 to 2003), CANCERLIT (1975 to 2002), and SCI (1974 to 2001).

For this update, we extended the searches to: CENTRAL (Issue 3 of
12, March 2014; searched 25 March 2014), MEDLINE (2002 to 2014;
searched 25 March 2014), EMBASE (2001 to 2014), LILACS (2014),
CANCERLIT (2002 to 2004; now incorporated into MEDLINE), and SCI
(2001 to 2014).

For MEDLINE, we used the methodological search strategy for RCTs
(Dickersin 1994) recommended by The Cochrane Collaboration
(Higgins 2011a). For EMBASE, we used adaptations of this same
strategy and for LILACS we used the methodological search strategy
reported by Castro 1999. We performed an additional search of the
SCl database to look for studies that had cited the included studies
(see Appendix 1; Appendix 2; Appendix 3; Appendix 4; Appendix 5;
Appendix 6 for the respective search strategies).

The search strategies used have been developed and executed by
the author team.

For economic evaluations we used the non-methodological
portion of the original search strategies in combination with
a economic evaluation filter (Appendix 7) for all databases
except NHS EED since this database only contains economic
evaluation citations.The following databases were searched: Ovid
MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R)1946 to May 2015, Embase 1974 to 2015 Week 24, EBM
Reviews - Cochrane Central Register of Controlled Trials May 2015
and EBM Reviews - NHS Economic Evaluation Database 2nd Quarter
2015.

Searching other resources

We scanned all the references of relevant articles and retrieved all
additional articles of potential interest for further analysis.

We consulted experts in oncology and hematology about ongoing
studies or studies that have not yet been published. We also
scanned the personal collections of articles of two of the authors
(GL and BD).

Data collection and analysis
Selection of studies

Two review authors (OACC and RM) independently scanned the
retrieved titles and abstracts of all studies for their eligibility for
inclusion in the systematic review. We resolved any disagreements
in the selection of studies by consensus (Higgins 2011b). At every
stage of searching and screening, we documented the overall
number of studies identified, excluded, and included, with reasons,
according to the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines, which we also used to
create a flow diagram (Moher 2009).

Data extraction and management

Two review authors (OACC and RM) independently extracted
data using a standardized data extraction form. From each
relevant trial, we retrieved data on the selected clinical outcomes,
methodological characteristics, and types of participants in each
study. Specifically we extracted data on the following.

Clinical outcomes

« Mortality - overall and infection related

« Number of people hospitalized for more than 10 days

« Time to neutrophil recovery (number of people with
neutropenia (ANC < 1000/mm3) for more than 5 to 10 days)

« Duration of grade IV neutropenia (Data reported in individual
studies as either median days to recovery to ANC > 500/mm3 or
median days of grade IV neutropenia: ANC < 500/mm3)

« Time to recovery from fever

« Time to withdrawal from antibiotics

« Time to defervescence (the abatement of a fever due to a
decrease in body temperature)

» Treatment-related harms, including deep DVT and bone, joint
pain or flu like symptoms

Additional data

« General information on the study: authors, date of publication,
title, publication type (full text, abstract, unpublished), number
of centers involved, and funding source

o Study characteristics: inclusion/exclusion criteria, length of
follow up, diagnostic criteria for neutropenia (ANC), criteria for
hospital discharge

« Participant characteristics: age, adults versus children,
gender, number of participants recruited/allocated/evaluated,
participants lost to follow up, type of tumour (solid versus
hematological)

« Intervention: detailed description of both the intervention and
standard treatment in terms of:
o type of CSF used with dosage and duration;

o type of antibiotics used with dosage and duration
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Studies reported data for the outcome of time to neutrophil
recovery in the form of number of participants with neutropenia for
more than 5 to 10 days. Accordingly, we extracted data in the form
of number of participants with neutropenia for 5 to 10 days in both
the experimental and control arms and have reported risk ratio (RR)
and 95% confidence intervals (Cls).

Studies reported data for the outcome of duration of grade IV
neutropenia in the form of median days to recovery to ANC > 500/
mm3 or median days of grade IV neutropenia: ANC < 500/mm3.
Accordingly, we extracted data in the form of mean and standard
deviation of duration of neutropenia in both the experimental
and control arms and have reported standardized mean difference
(SMD) and 95%Cls.

When time-to-event data were not available for direct extraction,
we extracted data according to the methods described by Tierney
et al (Tierney 2007). These methods allow the calculation of the
hazard ratio (HR) and associated statistics using indirect calculation
of the variance and the number of observed minus expected events,
based on parameters reported in theincluded studies (e.g. P values,
log-rank statistics, or survival curves).

We extracted details regarding the main methodological
dimensions empirically linked to bias (Egger 2001) and two review
authors assessed the methodological quality of each selected trial.
We gave special attention to the generation of randomization
sequence, allocation concealment, blinding, use of intention-to-
treat (ITT) versus per-protocol analyses, and source of funding. We
used these data in sensitivity analyses to test the robustness of our
findings.

Data management

Two review authors manually extracted data from publications into
astandardized data extraction form. Athird review author validated
the extracted data. We resolved all disagreements at each step by
consensus or, where necessary, by consulting a third reviewer. One
review author entered data into Review Manager (Review Manager
5.3) and another checked the entries for accuracy, consistency, and
completeness. Senior review authors randomly reviewed 15% of
the data for accuracy.

Assessment of risk of bias in included studies

Two review authors independently assessed all eligible studies
for their risk of bias (assessment of methodological quality) using
methods suggested in Chapter 8 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011c). The summary
judgment of the review authors comprised an answer for each risk
criterion, based on the following three-point scale:

« yes (low risk of bias: plausible bias unlikely to seriously alter
the results if all criteria were met);

« no (high risk of bias: plausible bias that seriously weakens
confidencein theresults if one or more criteria were not met);

« unclear (uncertain risk of bias: plausible bias that raises some
doubt about the results if one or more criteria were assessed
as unclear).

The following items were included in the assessment of risk of bias:

« sequence generation
adequately generated);

(whether allocation sequence was

+ allocation concealment (whether allocation was adequately
concealed);

« masking/blinding (whether the knowledge of the allocated
intervention was adequately prevented during the study; i.e. we
extracted data regarding who (participants, personnel, outcome
assessors, data analysts) was blinded);

« incomplete outcome data (whether incomplete outcome data
were adequately addressed);

« selective outcome reporting (whether reports of the study were
free of selective outcome reporting);

« other sources of bias (whether reports of the study included pre
specification of the expected difference in the primary outcome
(delta), alpha error, beta error or sample size calculation);

o ITT analysis (whether ITT analysis was undertaken in the study).

In addition, we assessed whether domains related to random error
and sample size were specified a priori in each trial.

Measures of treatment effect

« Fordichotomous outcomes (e.g. treatment-related harms), data
were summarized as RR with 95% Cls for each trial

« For time-to-event outcome (e.g. overall mortality), data were
summarized as HRs and 95% Cls

« For continuous outcomes (e.g. time to withdrawal from
antibiotics), data were summarized as means and standard
deviations for each trial. Where data were reported as median
and range, we converted these data into mean and standard
deviation using the method by Hozo et al (Hozo 2005).

Unit of analysis issues

The unit of analysis was a study from which aggregate data were
extracted as follows: for dichotomous variables, the number of
participants in the 'CSF plus antibiotics' arm (intervention group)
and the number of participants in the 'antibiotics alone' arm
(control group). For continuous variables, the means, standard
deviations, and the numbers of participants in the intervention and
control groups were used. For studies with multiple intervention
groups, we included each pair-wise comparison separately. Hence,
for dichotomous outcomes, both the number of events and the
total number of participants were divided for the control arm
(ATB alone). Similarly, for time-to-event outcomes, the number
of events and the total number of participants were divided for
the control arm and the variance and number of observed minus
expected events were calculated separately for each comparison.
For continuous outcomes, the total number of participants was
divided for the control arm, and means and standard deviations
were calculated separately for each comparison (Higgins 2011d).

Dealing with missing data

Where necessary outcome data were not available from the
primary literature we requested missing data or complementary
information from the first or corresponding authors of such
publications.

Assessment of heterogeneity

We assessed heterogeneity among trials and between subgroups
using a Chi2 test with a P value of <0.10 as the level of significance.
The degree of heterogeneity among trials and between subgroups
was also assessed using the I statistic. We used the following guide
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to the interpretation of the I statistic: I* = 0% to 40%: heterogeneity
that might not be important; 1> = 30% to 60%: moderate
heterogeneity; 1 = 50% to 90%: substantial heterogeneity), I* =
75% to 100%: considerable heterogeneity (Higgins 2011a). The
importance of the observed value of 12 depends on (i) the
magnitude and direction of effects and (ii) the strength of evidence
for the heterogeneity (e.g. a P value from the Chi2 test, or
the 12 statistic). When heterogeneity was detected, we searched
intensively for a possible explanation.

Assessment of reporting biases

We assessed the possibility of publication bias by generating a
funnel plot and by conducting a linear regression test using a P
value of<0.1 asthe level of significance (Egger 1997; Higgins 2011a).

Data synthesis

We conducted meta analyses using Review Manager 5.3 software
by the Cochrane Collaboration (Review Manager 5.3). For the
outcomes of number of participants hospitalized for more than
10 days, time to neutrophil recovery (reported as number of
people with neutropenia (ANC < 1000/mm3) for more than 5 to
10 days), DVT and bone and joint pain, or flu-like symptoms
we calculated the RRs with 95% Cls and pooled the data using
the Mantel-Haenszel random-effects model. For the outcomes of
overall mortality and infection-related mortality we calculated the
observed minus expected log-rank statistics plus the variance,
according to the methods described by Tierney et al (Tierney
2007), and presented the results (pooled using a random effects
model and inverse variance method) as HRs (Tierney 2007). For the
outcomes of duration of grade IV neutropenia, time to recovery
from fever and time to withdrawal from antibiotics we calculated
the standardized mean differences with 95% Cls and pooled the
data using the random-effects model and inverse variance method.
We provided a 'Summary of findings' table, produced using Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) software (GRADEpro; Guyatt 2011; Guyatt 2011a; Guyatt
2011b; Guyatt 2011c; Guyatt 2011d; Guyatt 2011e).

Subgroup analysis and investigation of heterogeneity

We performed subgroup analyses on the following clinical
characteristics:

« age group: use of CSF in children versus adults;

o type of CSF used;

« criteria for hospital discharge and

« type of tumor: mix versus hematological versus solid tumors.

Sensitivity analysis

We assessed the robustness of our results by conducting a
sensitivity analysis with respect to the methodological quality of
theincluded RCTs.

RESULTS

Description of studies

Fourteen RCTs addressing the role of CSF in chemotherapy-induced
febrile neutropenia, involving a total of 1553 participants, were
included in the final analysis. See '(Characteristics of included
studies)' and '(Characteristics of excluded studies)' tables for
details. No full economic evaluations were identified.

Randomization of participants versus episodes of febrile
neutropenia

A particular difficulty with trials of febrile neutropenia is the
problem of re-randomization (Paesmans 1998). This practice has
the potential to bias the results of clinical trials because of the
possible dependence of outcomes on previous events. People who
have already developed one episode of febrile neutropenia are
expected to be more prone to develop another, which in turn may
violate the assumption that all events must be independent of each
otherto allow proper analysis of a trial as well as the pooling of data
in meta-analysis (Hozo 2005a). Five included trials (Anaissie 1996;
Lopez-Hernandez 2000; Mitchell 1997; Riikonen 1994; Rodriguez
2005) allowed people to be entered in the study and randomized
more than once. These trials analysed 419 episodes of febrile
neutropenia and are responsible for about one-quarter of the total
number of febrile neutropenia episodes and people included in
this systematic review. It was impossible to extract data from
these trials according to the number of people. As the practice
of re-randomization is allowed by the Immunocompromised Host
Society (IHS 1990), we included these trials in our analyses.

Results of the search

For this update we extended our search from the end of the search
datein the original review to March 2014. We identified 1007 papers
investigating G-CSF or GM-CSF in chemotherapy-induced febrile
neutropenia in our updated search of electronic databases. We did
not identify any studies through other search methods. We selected
andretrieved 12 articles for full-text analysis. Of those identified, we
excluded 11 for various reasons. We had excluded 21 studies in the
originalreview process. Hence the total number of excluded studies
from both reviews is 32 (Characteristics of excluded studies). Thus,
in addition to the 13 studies included in the original review, we
included 1 new study (Rodriguez 2005), bringing the included total
to 14 (see Figure 1 for details).
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Figure 1. Study flow diagram.
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Included studies

Seven articles described the effects of G-CSF (Aviles 1996; Garcia-
Carbonero 2001; Lopez-Hernandez 2000; Maher 1994; Mitchell
1997; Rodriguez 2005Yoshida 1999), six described the effects of
GM-CSF (Anaissie 1996; Arnberg 1998; Biesma 1990; Ravaud 1998;
Riikonen 1994; Vellenga 1996) and one was a three-arm study in
which participants were randomized to G-CSF, GM-CSF or placebo
(Mayordomo 1995). Six articles included people with an ANC less
than 1 x 109/L (Anaissie 1996; Arnberg 1998; Biesma 1990; Maher
1994; Ravaud 1998; Yoshida 1999), six included people with an ANC
less than 0.5 x 109/L (Garcia-Carbonero 2001; Lopez-Hernandez
2000; Mayordomo 1995; Mitchell 1997; Rodriguez 2005; Vellenga
1996), one included those with an ANC less than 0.2 x 109/
L (Riikonen 1994) and one included participants with an ANC
less than 0.1 x 109/L (Aviles 1996). Ten articles enrolled adults
(Anaissie 1996; Arnberg 1998; Aviles 1996; Biesma 1990; Garcia-
Carbonero 2001; Maher 1994; Mayordomo 1995; Ravaud 1998;
Vellenga 1996; Yoshida 1999), three enrolled children (Mitchell
1997; Riikonen 1994; Rodriguez 2005) and one included both
(Lopez-Hernandez 2000). Three articles enrolled participants with
hematological malignancies only (Aviles 1996; Lopez-Hernandez
2000; Yoshida 1999), one solid tumors only (Ravaud 1998) and ten
articles included people with either type of malignancy (Anaissie

1996; Arnberg 1998; Biesma 1990; Garcia-Carbonero 2001; Maher
1994; Mayordomo 1995; Mitchell 1997; Riikonen 1994; Rodriguez
2005; Vellenga 1996).

Excluded studies

A total of 21 studies were excluded after full text review in the
original version of this review. Eight of these 21 excluded studies
were duplicate reports (Bodey 1994; Garcia-Carb 1999a; Garcia-
Carb 1999b; Mayordomo 1992; Mayordomo 1993; Ravaud 1995;
Uyl-de Groot 1997; Vellenga 1996b). In this update we excluded
11 studies after the full text review. The study by Montalar was
published in abstract form only and no information on outcomes
was available (Montalar 1998). We tried to contact the authors of
this abstract by e-mail, but received no answer. Therefore, this trial
was excluded from our analysis. We excluded the trial by (Timmer-
Bonte 2005) as it is a randomized trial addressing the prophylactic
role of G-CSF.

Risk of bias in included studies

Results of the 'Risk of bias' assessments are presented in (Figure
2). The overall methodological quality of included studies for the
majority of outcomes we judged to be low according to GRADE
methodology (Summary of findings 1).
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Allocation

Three of the included studies described an adequate method
of randomization (Anaissie 1996; Garcia-Carbonero 2001; Lopez-
Hernandez 2000) and five reported adequate concealment of the
sequence of allocation (Aviles 1996; Garcia-Carbonero 2001; Maher
1994; Mayordomo 1995; Mitchell 1997).

Blinding

Six trials were blinded (Arnberg 1998; Biesma 1990; Maher 1994;
Mitchell 1997; Riikonen 1994; Vellenga 1996). Eight trials did not
employ blinding in the conduct of the trial (Anaissie 1996; Aviles
1996; Garcia-Carbonero 2001; Lopez-Hernandez 2000; Mayordomo
1995; Ravaud 1998; Rodriguez 2005; Yoshida 1999).

Incomplete outcome data

An ITT analysis was performed in ten trials (Anaissie 1996; Arnberg
1998; Garcia-Carbonero 2001; Maher 1994; Mayordomo 1995;
Mitchell 1997; Ravaud 1998; Vellenga 1996; Yoshida 1999; Rodriguez
2005).

Selective reporting

We did not have access to the trial protocols therefore we were
unable to investigate the potential for selective reporting bias
based only on trial publications.

Other potential sources of bias

Seven trials were placebo controlled (Arnberg 1998; Biesma 1990;
Maher 1994; Mayordomo 1995; Mitchell 1997; Riikonen 1994;
Vellenga 1996). A sample size was preplanned in seven (Garcia-
Carbonero 2001; Maher 1994; Mayordomo 1995; Mitchell 1997;
Ravaud 1998; Vellenga 1996; Rodriguez 2005), but the planned
number was not reached in one trial (Ravaud 1998).

Seven trials were multicentric studies (Garcia-Carbonero 2001;
Maher 1994; Mitchell 1997; Ravaud 1998; Riikonen 1994; Vellenga
1996; Yoshida 1999).

We noted that one of the studies reported a much higher rate of
mortality in the control group than in the intervention group (Aviles
1996). Because of this, and because of a lack of description of
important baseline characteristics of the people in both groups,
concerns regarding the comparability of the study arms in this trial
(Aviles 1996) have been raised in the literature (Rubenstein 2000).

Effects of interventions

See: Summary of findings 1 Benefits and harms of CSF plus
antibiotics versus antibiotics alone

Our analysis included 14 trials (15 comparisons) involving a
total of 1553 participants, 797 of whom were randomized to the
intervention group and 756 to the control group. Not all trials
provided data on all endpoints.

Overall mortality

Data on overall mortality could be extracted from 13 trials (14
comparisons) with 1335 participants. The meta-analysis showed
a statistically non significant trend of a benefit favoring the
intervention group (HR 0.74, 95% Cl 0.47 to 1.16; P =0.19) (Analysis
1.1). No heterogeneity was detected in the analysis (P = 0.53, I2
= 0%). There were 35 deaths among 688 participants randomized

to the intervention group and 45 among 647 randomized to the
control group. However, it is important to note that 33% (15 of 45)
of the eventsin the control group were reported in one study (Aviles
1996).

Infection-related mortality

We could extract data on infection-related mortality from 10 trials
(11 comparisons) with 897 participants. The meta-analysis showed
a statistically non-significant trend in favor of CSF use (HR 0.75,
95% Cl 0.47 to 1.20; P = 0.23) (Analysis 1.2). No heterogeneity was
detected (P=0.33,12=12%). There were 15 infection-related deaths
among the 471 participants randomized to the intervention group
and 25 among 426 randomized to the control group. However, it is
important to note that 60% (15 of 25) of the events in the control
group were reported in one study (Aviles 1996).

Participants hospitalized for more than 10 days

Data regarding the number of participants hospitalized for more
than 10 days were extracted from eight trials (nine comparisons)
that included 1221 participants. The pooled analysis showed a
benefit in favor of the intervention group (RR 0.65, 95% CI 0.44
to 0.95; P = 0.03) (Analysis 1.3). Substantial heterogeneity was
detected (P =0.002, 12=69%).

Time to neutrophil recovery (number of participants with
neutropenia (ANC < 1000/mm3) for more than 5 to 10 days)

Data regarding the number of participants with neutropenia (ANC
< 1000/mm3) for more than 5 days were extracted from five trials
(six comparisons) with a total of 794 participants. The pooled
analysis revealed a significant effect of CSF plus antibiotics versus
the antibiotics alone (RR0.52,95% Cl 0.34 to 0.81; P =0.004) for the
outcome of time to neutrophil recovery (Analysis 1.4). There was
substantial heterogeneity among these trials (P = 0.006, 12 = 70%).

Duration of grade IV neutropenia

Data were extracted from nine trials (10 comparisons), with a
total of 1135 participants, for the outcome of duration of grade
IV neutropenia. A significant effect of CSF plus antibiotics was
detected compared with the control group (SMD = -1.70, 95% ClI
-2.65 to -0.76; P = 0.0004) (Analysis 1.5). There was considerable
heterogeneity among these trials (P <0.00001, 12 = 98%).

Time to recovery from fever

Data were extracted from nine trials (10 comparisons), with a total
of 966 participants, for the outcome of time to recovery from fever.
A significant effect of CSF plus antibiotics was detected compared
with the control group (SMD -0.49, 95% ClI -0.90 to -0.09; P = 0.02)
(Analysis 1.6). There was considerable heterogeneity among these
trials (P <0.00001, 12 = 89%).

Time to withdrawal from antibiotics

Data were extracted from three trials, with a total of 457
participants, for the outcome of time to withdrawal from
antibiotics. A significant effect of CSF plus antibiotics was detected
compared with antibiotics alone (SMD -1.50,95% CI -2.83t0 -0.18; P
=0.03) (Analysis 1.7). There was considerable heterogeneity among
these trials (P <0.00001, I2=97%).
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Treatment-related harms

Treatment-related harms were poorly reported in the included
studies. We could only extract data related to DVT, and bone
pain, joint pain and flu-like symptoms from the included studies.
Moreover, there was significant variation in the methods used by
the authors to report treatment-related harms.

Deep vein thrombosis

The number of participants developing DVT could be extracted
from four studies with 389 participants. There were 9 cases of DVT
among 194 participants randomized to the intervention group and
5 among 195 controls. The difference between the groups was
not statistically significant (RR 1.68, 95% Cl 0.72 to 3.93; P = 0.23)
(Analysis 1.8). No heterogeneity was detected (P =0.62, 12 =0%).

Bone and joint pain, and flu-like symptoms

Data on these outcomes could be extracted from six studies
(seven comparisons) with 622 participants. Forty-nine participants
developed these symptoms from 328 participants randomized
to the intervention group versus 25 of 294 randomized to the
control group. The difference between the groups were statistically
significant (RR 1.59, 95% Cl 1.04 to 2.42; P = 0.03) indicating higher
incidence of these events with use of CSF plus antibiotics compared
with use of antibiotics alone (Analysis 1.9). No statistically
significant heterogeneity was detected (P = 0.52, 12 = 0%).

Subgroup analyses
Study population

Our results did not change based on the study population (adults
only versus children versus mixed) for any of the outcomes (Analysis
2.1; Analysis 2.3; Analysis 2.4). We noticed a statistically significant
subgroup differences between trials with adult population (RR 0.45
(95% Cl 0.29 to 0.70); 4 RCTs; 608 participants) (Garcia-Carbonero
2001; Maher 1994; Mayordomo 1995; Ravaud 1998) versus trial
enrolling only children (RR 0.80 (95% CI 0.66 to 0.97); 1 RCT; 186
participants) (Mitchell 1997) for the outcome of time to neutrophil
recovery with a stronger benefit for adults (test of interaction
P = 0.02) (Analysis 2.2). However, both trials (enrolling adults
and children) favored use of antibiotics and CSF compared with
antibiotics alone, but a stronger effect was seen among adult
population.

Type of CSF

Our results did not change based on the type of CSF (G-CSF
and GM-CSF) for any of the outcomes (Analysis 3.1; Analysis 3.2;
Analysis 3.4; Analysis 3.5). We noticed a statistically significant
subgroup differences between trials with G-CSF (SMD -2.73 (95%
Cl -4.43 to -1.04); 5 RCTs; 784 participants) (Aviles 1996; Garcia-
Carbonero 2001; Maher 1994; Mayordomo 1995; Mitchell 1997)
versus trials with GM-CSF (SMD -0.67 (95% Cl -1.12 to -0.22); 5 RCTs;
351 participants) (Biesma 1990; Mayordomo 1995; Ravaud 1998;
Riikonen 1994; Vellenga 1996) for the outcome of duration of grade
IV neutropenia (ANC < 500/mm3) with stronger benefit with G-CSF
(test of interaction P =0.02) (Analysis 3.3). However, both CSF types
(G-CSF and GM-CSF) plus antibiotics were statistically significantly
superior to antibiotics alone for this outcome but a stronger effect
was observed with G-CSF use.

Hospital discharge criteria

We also tested a possible impact of criteria for discharge from
hospital on various outcomes. The criteria of discharge after
24 hours of resolution of fever was employed by one study
(Ravaud 1998). Three studies used the criteria of discharge after 48
hours of resolution of fever (Biesma 1990; Garcia-Carbonero 2001;
Mayordomo 1995). Three studies used the criteria of discharge
after 72 hours of resolution of fever (Mitchell 1997; Riikonen
1994; Vellenga 1996). One study used the criteria of discharge
after 96 hours of resolution of fever (Maher 1994). The study by
Rodriguez et al used criteria of discharge after at least 48 to 72
hours of resolution of fever (Rodriguez 2005). Four studies did not
report the hospital discharge criteria (Anaissie 1996; Arnberg 1998;
Aviles 1996; Lopez-Hernandez 2000). Different criteria required for
hospital discharge (time since defervescence) had no effect on any
endpoint (Analysis 4.1; Analysis 4.3; Analysis 4.4). We noticed a
statistically significant subgroup differences between these trials
based on hospital discharge criteria ((discharge after 24 hrs of
resolution of fever: RR 0.54 (95% CI 0.35 to 0.84); 1 RCT; 68
participants); discharge after 48 hrs of resolution of fever: RR 0.14
(95% Cl 0.04 to 0.48); 2 RCTs; 324 participants); discharge after 72
hrs of resolution of fever: RR 0.80 (95% Cl 0.66 to 0.97); 1 RCT; 186
participants); discharge after 96 hrs of resolution of fever: RR 0.52
(95% CI 0.37 to 0.74); 1 RCT; 216 participants)] for the outcome
of time to neutrophil recovery with the strongest benefit with
discharge after 48 hours of resolution of fever (test of interaction P
=0.006) (Analysis 4.2). However, all these trials trials with varying
hospital discharge criterions (discharge after 24, 48, 72, 96hours
post fever resolution) favored use of antibiotics and CSF compared
with antibiotics alone.

Type of malignancy

The trials enrolling participants with mixed cancers (Anaissie 1996;
Garcia-Carbonero 2001; Maher 1994; Mayordomo 1995; Mitchell
1997; Riikonen 1994) favored the use of CSF plus antibiotics (RR
0.64 (95% Cl 0.45 to 0.89); 6 RCTs; 884 participants) compared with
trial (Yoshida 1999) enrolling participants with only hematological
malignancies (RR 1.17 (95% C1 0.81 to 1.70); 1 RCT; 203 participants)
(test of interaction P = 0.02) for the outcome of number of
participants hospitalized for more than 10 days (Analysis 5.1). We
noticed a statistically significant subgroup differences between
trials based on type of malignancy [(mix tumors: SMD -1.50
(95% CI -2.50 to -0.50); 7 RCTs; 948 participants); (hematological
malignancies: SMD -4.55 (95% Cl -5.24 to -3.86); 1 RCT; 119
participants); (solid tumors: SMD -0.53 (95% CI -1.01 to -0.04);
1 RCT; 68 participants) for the outcome of duration of grade IV
neutropenia (ANC < 500/mm3) with stronger benefit for people
with hematological malignancies (test of interaction P < 0.00001)
(Analysis 5.3). However, all of these trials enrolling participants
with various different kinds of cancers (mix versus hematological
malignancies versus solid tumors) favored use of antibiotics and
CSF compared with antibiotics alone. Our results did not change
based on the type of malignancy for any of the other outcomes with
significant heterogeneity (Analysis 5.2; Analysis 5.4).

Sensitivity analyses

Our results did not change based on the methodological quality
of studies for any outcomes. We have shown the analysis for the
outcome of participants hospitalized for more than 10 days for

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 14
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

allocation concealment (Analysis 6.1) and blinding (Analysis 6.2) for
illustration purposes.

DISCUSSION

Summary of main results

This systematic review summarized the totality of the evidence for
the use of CSFs plus antibiotics in the treatment of chemotherapy-
induced febrile neutropenia among people with cancer. Overall and
infection-related mortality were not influenced by the addition of
CSF to antibiotics. Participants treated with a CSF and antibiotics
were less likely to be hospitalized for more than 10 days and
had more participants with a faster neutrophil recovery than
those treated with antibiotics alone. Similarly, people receiving
CSF and antibiotics had shorter duration of neutropenia, more
rapid recovery from fever and shorter duration of antibiotics use
compared with people receiving antibiotics alone. The addition
of CSF to antibiotics was well tolerated by participants: we found
no significant difference in the incidence of DVT in individuals
treated with CSF and antibiotics compared with those treated with
antibiotics alone. However, we noticed a higher incidence of bone
orjoint pain, or flu-like symptoms among participants receiving CSF
and antibiotics compared with those receiving antibiotics alone.

In our meta-analysis, a CSF plus antibiotics was found to reduce the
number of participants hospitalized for more than 10 days, a finding
sustained in subgroup and sensitivity analyses. In particular, when
meta-analysis was restricted to trials with an adequate allocation
concealment and to double-blind trials, the two most powerful
ways of avoiding bias, the result was unchanged (Mhaskar 2012).
The use of different criteria for hospital discharge also had no
effect on this outcome. This benefit of CSF in shortening the
duration of hospitalization has the potential to further influence
current clinical practice. Shortening hospitalization translates into
a reduction in costs, but this has to be weighed against the cost
of CSF; hence, an cost effectiveness analysis should be performed
in the light of this finding. A shorter duration in hospital may also
translate into a better quality of life for the individual (Smeenk
1998); however, we did not perform a formal analysis of quality of
life.

A link between use of CSFs and an increase in the number of
participants achieving neutrophil recovery was expected, but this
is the first time that such an increase has been linked to clinical
benefit, as defined by a shorter duration of hospitalization. Our
findings show the benefit of using CSF in reducing the duration
of fever and time to withdrawal from antibiotics. This has the
potential to influence the decision about the use of CSFs, since the
antibiotics used can be associated with substantial costs. Median
time to antibiotic withdrawal was statistically significantly shorter
in the intervention group than in the control group in all trials,
representing a clinical benefit. Treatment-related harms, such as
bone and joint pain, flu-like syndromes, were common and in some
reports intense, but were not life-threatening.

In summary, this systematic review highlights the beneficial effect
of a CSF added to antibiotics in terms of reducing the duration of
hospitalization and expediting neutrophil recovery, compared with
antibiotics alone, in participants diagnosed with chemotherapy-
induced febrile neutropenia. We think it would be highly desirable
thatindividual patient data meta-analyses is carried out in order to

further explore the impact of CSF on overall and infection-related
mortality among this group of individuals.

To augment the main clinical effectiveness systematic review
we sought to identify economic evaluations, to support a
Brief Economic Commentary, that have compared the use of a
CSF plus antibiotics versus antibiotics alone for the treatment
of individuals with established chemotherapy-induced febrile
neutropenia. Systematic supplemental searches were undertaken
to identify evaluations relevant to this question. Results were
screened using the review inclusion criteria, less study design,
however, no full economic evaluations were identified. Several
of the included RCTs identified economic benefits regarding a
reduction in overall length of stay attributable to the use of CSF plus
antibiotics, however they fell short of undertaking a full economic
evaluation.

Overall completeness and applicability of evidence

Our analysis included 14 trials (15 comparisons) with a total of
1553 participants, 797 of whom were randomized to receive CSF
plus antibiotics and 756 to antibiotics alone. For this update we
conducted a comprehensive search of the literature without any
language restrictions and we believe that there is low risk of
potential publication bias and we found no evidence of this via
the funnel plots. The conclusions we reach in this analysis have
direct application to clinical practice for people diagnosed with
chemotherapy-induced febrile neutropenia. Our findings clearly
demonstrate the superiority of supplementing antibiotics with a
CSF compared with the use of antibiotics alone, with regard to
reducing the duration of hospitalization and expediting neutrophil
recovery.

Quality of the evidence

We assessed the quality of the included trials according to
previously described quality domains (Figure 2). The majority of
included trials were not free of selection bias. Most included studies
reported analyses according to the ITT principle, but some were
not blinded and had high risks of performance and detection
bias. Majority of the included trials were free of other biases.
We considered the overall quality of evidence for a majority of
the outcomes to be moderate to low across various outcomes
according to the The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) criteria (Summary of
findings 1). The main reasons to downgrade the quality of evidence
were inconsistency across the included studies and imprecision of
results.

We noted via a sub-group analysis that participants diagnosed
with hematological malignancies appeared to statistically non-
significantly benefit more from the addition of CSF to antibiotics
than those with solid and mix tumors for the outcome of overall
mortality (Analysis 5.5). However, this possible beneficial effect
of CSF on mortality in people diagnosed with hematological
malignancies was highly influenced by the results of one trial (Aviles
1996). In this study, three times more participants died in the
control group than in the intervention group (Aviles 1996). This
difference between groups is much higher than that seen in other,
similar studies, and concerns regarding the comparability of the
two groups investigated in this trial have been raised (Rubenstein
2000). Also in this trial by Aviles et al all deaths were considered
to be due to infection (Aviles 1996). Hence, we recommend caution
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in drawing a definitive conclusion about a possible beneficial
effect of CSF on the outcome of overall mortality in individuals
with hematological tumors. We noticed substantial heterogeneity
for the outcome of number of participants hospitalized for more
than 10 days. We explored the possible causes of heterogeneity
to determine whether it was appropriate to pool the trials for this
outcome. All trials but one trial (Yoshida 1999) had a point estimate
that favored the intervention group. This trial enrolled only
people with hematological malignancies. We explored the impact
of type of malignancy on number of participants hospitalized
for more than 10 days (Subgroup analysis and investigation of
heterogeneity: type of malignancy). We also noticed that only two
reached statistical significance (Maher 1994; Mayordomo 1995). By
inspecting the forest plot, we could detect that trial by Mayordomo
et al (Mayordomo 1995) and Maher et al (Maher 1994) indicated
a much stronger effect than that detected in all other trials. We
therefore repeated our analysis, excluding these trials (Maher
1994; Mayordomo 1995). The exclusion resulted in a substantial
reduction in the statistical heterogeneity (12 = 48%; P = 0.10) and
the significance of the effect of CSF plus antibiotics on this outcome
disappeared (RR 0.85, 95% CI = 0.61 to 1.17; P = 0.32). All but
two studies (Maher 1994; Mayordomo 1995) favored the use of
CSF plus antibiotics over the use of antibiotics alone, and the
heterogeneity detected was mainly due to a superior effect of CSF
plus antibiotics detected in these trials. Hence, our interpretation
of these results is that CSF plus antibiotics significantly reduce
the number of participants hospitalized for more than 10 days
compared to the use of antibiotics alone, but that the magnitude
of this effect cannot be precisely estimated using the currently
available data. We also noticed considerable heterogeneity for the
outcome of time to withdrawal from antibiotics. We noted that
in all of the trials for this outcome the mean/median duration of
ATB use was similar (mean of 5 days) among patients receiving
CSF(Garcia-Carbonero 2001; Mitchell 1997; Ravaud 1998). However,
the high precision observed around the effect size in the trial by
Garcio-Carbonero et al (Garcia-Carbonero 2001) compared with
other two trial estimates was potentially leading to the substantial
heterogeneity. The heterogeneity disappeared completely once we
removed this trial from the analysis (P value = 0.72, 12 = 0%) and
the overall effect still showed benefit with the use of CSF plus ATB
compared with ATB alone.

Potential biases in the review process

We did not find any methodological issues in the preparation of the
review that could put it at risk for bias.

Agreements and disagreements with other studies or
reviews

In 2002, Berghmans et al published a systematic review that
addressed the question of the addition of CSF to antibiotics in
the treatment of individuals with febrile neutropenia (Berghmans
2002). This systematic review identified 11 trials and performed
a meta-analysis of mortality that included nine trials. The RR for
mortality was 0.71 (95% Cl 0.44 to 1.15). This result is similar to our
findings. However, Berghmans et al failed to extract and include
mortality data from two studies (Biesma 1990; Ravaud 1998). In
addition, Berghmans et al used a very restricted search strategy
(Berghmans 2002): it included only articles in English, published

up to 1998, and did not search relevant abstracts and conference
proceedings. These restrictions related to the search methods
may have led to the failure to include three studies satisfying the
study inclusion criteria (Garcia-Carbonero 2001; Lopez-Hernandez
2000; Montalar 1998). Although the pooled results for mortality in
Berghmans et al do not differ from ours, our analysis is broader
(in that we included additional endpoints) and up-to-date (we
included the trial by Rodriguez 2005) compared with the systematic
review by Berghmans et al (Berghmans 2002).

AUTHORS' CONCLUSIONS

Implications for practice

The use of CSF plus antibiotics in people with chemotherapy-
induced febrile neutropenia was not found to improve overall
survival compared with antibiotics alone but did reduce the time
participants spentin hospital and the duration neutropenia, time to
recovering from fever and time to withdrawal from antibiotics. The
people receiving CSF plus antibiotics also had a faster neutrophil
recovery compared with people receiving antibiotics alone. The
incidence of adverse events with CSF in addition to antibiotics
appear to be similar compared with antibiotics alone. The impact
of CSF plus antibiotics on infection-related mortality was not clear.

Implications for research

Following these results, it is unlikely that future trials will feature
a no-treatment control group. To assess the effect of CSF plus
antibiotics on mortality therefore, an individual patient data
analysis is highly desirable. The current scarcity of relevant
economic evaluations highlights an evidence gap and the need
for further research fully explore the cost-effectiveness of these
treatment alternatives.
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Methods

Not placebo-controlled, not blinded, industry-sponsored, single-center trial
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People with hospitalization for greater than 10 days

Notes Hospital discharge criteria: Not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated sequence of numbers was used

tion (selection bias)

Allocation concealment Unclear risk We were not able to assess the adequacy of allocation concealment based on

(selection bias) the information provided in the article

Blinding (performance High risk There was no blinding

bias and detection bias)

All outcomes

Blinding of participants High risk There was no blinding

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk There was no blinding

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk ITT analysis used, Withdrawals are described

(attrition bias)

All outcomes

Other bias High risk Prespecified values of sample size, alpha and beta errors were not provided
Arnberg 1998

Study characteristics

Methods Placebo-controlled, not blinded, industry and public-sponsored, single-center trial

Participants

Adults; mixed tumors; ANC <1 x 109/L

Interventions

GM-CSF (not specified) 5.5 mcg/kg SC

ATB: Many different antibiotics

Outcomes Overall mortality
Bone and joint pain or flu-like symptoms
Deep vein thrombosis
Notes Hospital discharge criteria: not reported
Risk of bias
Bias Authors' judgement Support for judgement
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Arnberg 1998 (Continued)

Random sequence genera-  Unclear risk We were not able to assess the adequacy of method of sequence generation
tion (selection bias) based on the information provided in the article

Allocation concealment Unclear risk We were not able to assess the adequacy of allocation concealment based on
(selection bias) the information provided in the article

Blinding (performance Low risk Double blinding was employed

bias and detection bias)
All outcomes

Blinding of participants Unclear risk We were not able to assess who were blinded based on the information provid-
and personnel (perfor- ed in the article
mance bias)

All outcomes

Blinding of outcome as- Unclear risk We were not able to assess the outcomes for which blinding was employed
sessment (detection bias) based on the information provided in the article
All outcomes

Incomplete outcome data Low risk ITT analysis used, withdrawals are described

(attrition bias)

All outcomes

Other bias Unclear risk Prespecified values of sample size, alpha and beta errors were not provided
Aviles 1996

Study characteristics

Methods Not placebo-controlled, not blinded, unclear sponsorship, single-center trial

Participants Adults; hematologic tumors; ANC < 0.1 x 109/L

Interventions G-CSF (not specified) 5 mcg/kg SC

ATB: Amikacin plus Ceftazidime

Outcomes Overall mortality
Infection-related mortality

Notes Hospital discharge criteria: not reported

Duration of grade IV neutropenia reported as days to absolute granulocyte recovery to > 0.5 x 109/L

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk We were not able to assess the adequacy of method of sequence generation
tion (selection bias) based on the information provided in the article

Allocation concealment Low risk Sealed envelopes were used

(selection bias)

Blinding (performance High risk There was no blinding
bias and detection bias)
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All outcomes

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk There was no blinding

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk There was no blinding

Incomplete outcome data
(attrition bias)
All outcomes

High risk ITT analysis was not used, withdrawals are described

Other bias

High risk Prespecified values of sample size, alpha and beta errors were not provided

Biesma 1990

Study characteristics

Methods

Placebo-controlled, industry-sponsored, single-center trial

Participants

Adults; mixed tumors; ANC <1 x 109/L

Interventions

GM-CSF (not specified) 2.8 mcg/kg IV

ATB: Tobramicin plus Cefuroxime

Outcomes Overall mortality
Infection-related mortality
Deep vein thrombosis
Notes Hospital discharge criteria: afebrile for at least 48 hours
Duration of grade IV neutropenia reported as days to absolute granulocyte recovery to > 0.5 x 109/L
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Description of method of sequence generation not provided
tion (selection bias)
Allocation concealment High risk Description of methods to conceal allocation not provided
(selection bias)
Blinding (performance Low risk Double blinding was employed
bias and detection bias)
All outcomes
Blinding of participants Unclear risk We were not able to assess who were blinded based on the information provid-

and personnel (perfor-
mance bias)
All outcomes

ed in the article
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Blinding of outcome as- Unclear risk We were not able to assess the outcomes for which blinding was employed
sessment (detection bias) based on the information provided in the article
All outcomes

Incomplete outcome data  High risk ITT analysis was not used, withdrawals are described
(attrition bias)
All outcomes

Other bias High risk Prespecified values of sample size, alpha and beta errors were not provided

Garcia-Carbonero 2001

Study characteristics
Methods Not placebo-controlled, industry- and public-sponsored, multicenter trial
Participants Adults; mixed tumors; ANC < 0.5 x 109/L
Interventions G-CSF (not specified) 5 mcg/kg SC
ATB: Amikacin plus Ceftazidime
Outcomes Overall mortality
Infection-related mortality
People with hospitalization for greater than 10 days
Time to neutrophil recovery
Deep vein thrombosis
Notes Hospital discharge criteria: afebrile for at least 48 hours; ANC at least 1000/mm3
Duration of grade IV neutropenia reported as days to ANC > 500mm3
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Sequence was computer generated

tion (selection bias)

Allocation concealment Low risk Participants were randomly assigned by the consecutive drawing of sequen-
(selection bias) tially numbered, opaque, sealed envelopes

Blinding (performance High risk There was no blinding

bias and detection bias)

All outcomes

Blinding of participants High risk There was no blinding

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk There was no blinding
sessment (detection bias)
All outcomes
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Incomplete outcome data Low risk ITT analysis used, withdrawals are described

(attrition bias)

All outcomes

Other bias Low risk Prespecified values of sample size, alpha and beta errors were provided

Lopez-Hernandez 2000

Study characteristics

Methods

Not placebo-controlled, unclear funding, single-center trial

Participants

Adults and children; hematological tumors; ANC < 0.5 x 109/L

Interventions

G-CSF (filgrastim) 5 mcg/kg SC

ATB: Amikacin plus Ceftriaxone

Outcomes Overall mortality
Infection-related mortality
Notes Hospital discharge criteria: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random sequence was computer generated
tion (selection bias)
Allocation concealment Unclear risk We were not able to assess the adequacy of allocation concealment based on

(selection bias)

the information provided in the article

Blinding (performance
bias and detection bias)
All outcomes

High risk There was no blinding

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk There was no blinding

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk There was no blinding

Incomplete outcome data
(attrition bias)
All outcomes

High risk ITT analysis not used, Withdrawals are described

Other bias

High risk Prespecified values of sample size, alpha and beta errors were not provided
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Maher 1994

Study characteristics

Methods

Placebo-controlled, industry-funded, multicenter trial

Participants

Adults; mixed tumors; ANC <1 x 109/L

Interventions

G-CSF (filgrastim) 12 mcg/kg SC

ATB: Piperacilin plus Tobramicin

Outcomes Overall mortality
People with hospitalization for greater than 10 days
Bone and joint pain or flu-like symptoms
Time to neutrophil recovery
Notes Hospital discharge criteria: afebrile for at least 96 hours; ANC at least 500/mm3
Duration of grade IV neutropenia reported as median number of days of neutropenia ANC < 0.5 x 109/L
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Description of method of sequence generation not provided
tion (selection bias)
Allocation concealment Low risk The randomization code was maintained by the Biostatistical Department of
(selection bias) Amgen, Inc., and was not broken until all collected data had been verified by
Amgen and its designee, Biomedicus, and had been audited by a separate de-
partment at Amgen
Blinding (performance Low risk Double blinding was employed
bias and detection bias)
All outcomes
Blinding of participants Unclear risk We were not able to assess who were blinded based on the information provid-
and personnel (perfor- ed in the article
mance bias)
All outcomes
Blinding of outcome as- Unclear risk We were not able to assess the outcomes for which blinding was employed
sessment (detection bias) based on the information provided in the article
All outcomes
Incomplete outcome data Low risk ITT analysis used, withdrawals are described
(attrition bias)
All outcomes
Other bias Low risk Prespecified values of sample size, alpha and beta errors were provided

Mayordomo 1995

Study characteristics
Methods Placebo-controlled, industry-funded, single-center trial
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Mayordomo 1995 (Continued)

Participants

Adults; mixed tumors; ANC < 0.5 x 109/L

Interventions

G-CSF (filgrastim) 5 mcg/kg IV

OR

GM-CSF (molgramostim) 5 mcg/kg IV

ATB: Amikacin + Ceftazidime

Outcomes Overall mortality
Infection-related mortality
People with hospitalization for greater than 10 days
Bone and joint pain or flu-like symptoms
Time to neutrophil recovery
Notes Hospital discharge criteria: afebrile for at least 48 hours; ANC at least 1000/mm3
Duration of grade IV neutropenia reported as median number of days of neutropenia ANC < 0.5 x 109/L
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Description of method of sequence generation not provided
tion (selection bias)
Allocation concealment Low risk Sealed envelopes were used
(selection bias)
Blinding (performance High risk There was no blinding
bias and detection bias)
All outcomes
Blinding of participants High risk There was no blinding
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk There was no blinding
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk ITT analysis used, withdrawals are described
(attrition bias)
All outcomes
Other bias Low risk Prespecified values of sample size, alpha and beta errors were provided

Mitchell 1997

Study characteristics

Methods

Placebo-controlled, industry-funded, multicenter trial

Participants

Children; mixed tumors; ANC < 0.5 x 109/L

Interventions

G-CSF (filgrastim) 5 mcg/kg IV
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Mitchell 1997 (continued)

ATB: Gentamicin plus Piperacilin plus Flucloxacilin OR Gentamicin plus Imipenen-Cilastatin

Outcomes Overall mortality
People with hospitalization for greater than 10 days
Time to neutrophil recovery
Notes Hospital discharge criteria: afebrile for at least 72 hours; ANC at least 200/mm3
Duration of grade IV neutropenia reported as days to absolute granulocyte recovery to > 0.5 x 109/L
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  High risk Description of method of sequence generation not provided
tion (selection bias)
Allocation concealment Low risk The study drug and placebo were delivered to the ward in identically labeled
(selection bias) syringes, and the staff and investigators were unaware of treatment allocation
until the study had been completed.
Blinding (performance Low risk Double blinding was employed
bias and detection bias)
All outcomes
Blinding of participants Low risk Staff and investigators were unaware of treatment allocation until the study
and personnel (perfor- had been completed
mance bias)
All outcomes
Blinding of outcome as- Unclear risk We were not able to assess the outcomes for which blinding was employed
sessment (detection bias) based on the information provided in the article
All outcomes
Incomplete outcome data Low risk ITT analysis used, withdrawals are described
(attrition bias)
All outcomes
Other bias Low risk Prespecified values of sample size, alpha and beta errors were provided

Ravaud 1998

Study characteristics

Methods

Not placebo-controlled, industry-funded, multicenter trial

Participants

Adults; solid tumors; ANC <1 x 109/L

Interventions

GM-CSF (molgramostim) 5 mcg/kg SC

ATB: Amikacin plus Ceftriaxone OR Piperacilin plus Ofloxacin for people receiving Cisplatin

Outcomes

Overall mortality

Infection-related mortality
Bone and joint pain or flu-like symptoms
Time to neutrophil recovery
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Ravaud 1998 (continued)

Notes Hospital discharge criteria: afebrile for at least 24 hours; ANC at least 1000/mm3

Duration of grade IV neutropenia reported as median number of days of neutropenia ANC < 0.5 x 109/L

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Description of method of sequence generation is not provided

tion (selection bias)

Allocation concealment Unclear risk We were not able to assess the adequacy of allocation concealment based on
(selection bias) the information provided in the article
Blinding (performance High risk There was no blinding

bias and detection bias)
All outcomes

Blinding of participants High risk There was no blinding
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk There was no blinding
sessment (detection bias)
All outcomes

Incomplete outcome data Low risk ITT analysis used, withdrawals are described

(attrition bias)

All outcomes

Other bias Low risk Prespecified values of sample size, alpha and beta errors were provided

Riikonen 1994

Study characteristics
Methods Placebo-controlled, public-funded, multi-center trial
Participants Children, mixed tumors; ANC < 0.2 x 109/L
Interventions GM-CSF (Sandoz) 5 mcg/kg IV
ATB: Imipenen-Cilastatin
Outcomes Overall mortality
Infection-related mortality
Duration of hospitalization
Bone and joint pain or flu-like symptoms
Notes Hospital discharge criteria: afebrile for at least 72 hours; ANC at least 500/mm3
Duration of grade IV neutropenia reported as days to absolute granulocyte recovery to > 0.5 x 109/L
Risk of bias
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Riikonen 1994 (continued)

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk We were not able to assess the adequacy of method of sequence generation
tion (selection bias) based on the information provided in the article

Allocation concealment Unclear risk We were not able to assess the adequacy of allocation concealment based on
(selection bias) the information provided in the article

Blinding (performance Low risk Double blinding was employed

bias and detection bias)

All outcomes

Blinding of participants Unclear risk We were not able to assess who were blinded based on the information provid-
and personnel (perfor- ed in the article

mance bias)

All outcomes

Blinding of outcome as- Unclear risk We were not able to assess the outcomes for which blinding was employed
sessment (detection bias) based on the information provided in the article

All outcomes

Incomplete outcome data  High risk ITT analysis not used, withdrawals are described

(attrition bias)

All outcomes

Other bias Low risk Prespecified values of sample size, alpha and beta errors were provided

Rodriguez 2005

Study characteristics

Methods

Not-placebo controlled, unclear funding, single-center trial

Participants

Children, mixed tumors, ANC < 0.5 x 109/L

Interventions

G-CSF (Neupogen (Filgrastim), Roche) 5 mcg/kg/day IV

ATB: Cloxacillin / Cefotaxim / Amikacin. Vancomycin for people with previous infection due to Gram-
positive cocci resistant to Oxacilllin.

Metronidazol for people with diarrhea

Outcomes Overall mortality
Infection-related mortality
Duration of hospitalization
Notes Hospital discharge criteria: afebrile for at least 48 to 72 hours
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk We were not able to assess the adequacy of method of sequence generation
tion (selection bias) based on the information provided in the article
Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 31

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Cpchrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Rodriguez 2005 (Continued)

Allocation concealment
(selection bias)

Unclear risk We were not able to assess the adequacy of allocation concealment based on

the information provided in the article

Blinding (performance
bias and detection bias)
All outcomes

High risk There was no blinding

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk There was no blinding

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk There was no blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk ITT analysis used, withdrawals are not described

Other bias

Low risk Prespecified values of sample size, alpha and beta errors were provided

Vellenga 1996

Study characteristics

Methods

Placebo-controlled, public- and industry-funded, multicenter trial

Participants

Adults; mixed tumors; ANC < 0.5 x 109/L

Interventions

GM-CSF (Sandoz) 5 mcg/kg SC

ATB: Imipenem, cefuroxime in combination with an aminoglycoside, Augmentin in combination with
an aminoglycoside, and Ceftazidime

Outcomes Overall mortality
Infection-related mortality
Duration of hospitalization
Deep vein thrombosis
Bone and joint pain or flu-like symptoms
Notes Hospital discharge criteria: afebrile for at least 72 hours; ANC at least 1000/mm3
Duration of grade IV neutropenia reported as median number of days of neutropenia ANC < 0.5 x 109/L
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Description of method of sequence generation is not provided
tion (selection bias)
Allocation concealment Unclear risk Description of method of allocation concealment is not provided

(selection bias)
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Vellenga 1996 (Continued)

Blinding (performance Low risk Double blinding was employed

bias and detection bias)

All outcomes

Blinding of participants Unclear risk We were not able to assess who were blinded based on the information provid-
and personnel (perfor- ed in the article

mance bias)

All outcomes

Blinding of outcome as- Unclear risk We were not able to assess the outcomes for which blinding was employed
sessment (detection bias) based on the information provided in the article

All outcomes

Incomplete outcome data  Low risk ITT analysis used, withdrawals are described

(attrition bias)

All outcomes

Other bias Low risk Prespecified values of sample size, alpha and beta errors were provided

Yoshida 1999

Study characteristics

Methods

Not placebo-controlled, unclear funding, multicenter trial

Participants

Adults; hematological tumors; ANC <1 x 109/L

Interventions

G-CSF (filgrastim or lenograstim) variable doses, IV

ATB: Flomoxef Sodium plus Tobramicin

Outcomes Duration of hospitalization
Notes Hospital discharge criteria: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Description of method of sequence generation is not provided
tion (selection bias)
Allocation concealment High risk Description of method of allocation concealment is not provided
(selection bias)
Blinding (performance High risk There was no blinding
bias and detection bias)
All outcomes
Blinding of participants High risk There was no blinding
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk There was no blinding
sessment (detection bias)
Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 33

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::'leleal:lf.lswns

Yoshida 1999 (continued)
All outcomes

Cochrane Database of Systematic Reviews

Incomplete outcome data  Low risk
(attrition bias)
All outcomes

ITT analysis used, withdrawals are described

Other bias High risk Prespecified values of sample size, alpha and beta errors were not provided

ATB = Antibiotics; ITT = intention to treat analysis; ANC = absolute neutrophil count; G = granulocyte; M = macrophage; CSF = colony-
stimulating factor; IV = intravenous; SC = subcutaneous

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Balcerska 1995 Not randomized

Beveridge 1998 Studied non-febrile people and did not have a no-therapy group
Bodey 1994 Duplicate publication of Anaissie 1996

Feng 1998 Cross-over study

Fengyi 1998 Cross-over study

Garcia-Carb 1999a Duplicate publication of Garcia-Carbonero 2001

Garcia-Carb 1999b Duplicate publication of Garcia-Carbonero 2001

Gebbia 1994

Included non-neutropenic participants. The treatment began immediately after chemotherapy

Gunay 1998

Not randomized

Herrmann 1990

Not randomized

Kaku 1993 People who had developed febrile neutropenia were randomized to receive CSF only after the next
cycle of chemotherapy

Kawa 1999 Randomized participants were to receive CSF before or after neutropenia developed

Kotake 1999 Not randomized

Mayordomo 1992

Duplicate publication of Garcia-Carbonero 2001

Mayordomo 1993

Duplicate publication of Garcia-Carbonero 2001

Michon 1998

Did not included people with febrile neutropenia

Montalar 1998

Data not extractable

Moriyama 1993

Not randomized

Motoyoshi 1986

Cross-over trial

Nakajima 1995

Also included people who had documented infection but were not neutropenic
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Study Reason for exclusion

Ohno 1997 Included non-neutropenic people. The treatment began immediately after chemotherapy

Oshita 2000 Pfarticipants were randomized to receive CSF after the development of monocytopenia or leukope-
nia

Ravaud 1995 Duplicate of Ravaud 1998

Schroder 1999 Not randomized

Soda 1996 Randomized participants to receive CSF before or after the neutropenia developed

Timmer-Bonte 2005 A randomized trial addressing the prophylactic role of G-CSF

Torrecillas 1998 Participants were randomized to duration of CSF use

Uyl-de Groot 1997 Duplicate publication of Vellenga 1996

van Pelt 1997 Not neutropenic participants

Vellenga 1996b Duplicate publication of Vellenga 1996

Yalcin 1996 Not randomized

Yamazaki 1989 Not neutropenic participants

DATA AND ANALYSES

Comparison 1. Benefits and harms - CSF + antibiotics vs antibiotics alone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Overall mortality 13 1335 Hazard Ratio (IV, Random, 95% 0.74[0.47, 1.16]
cl)

1.2 Infection related mortality 10 897 Hazard Ratio (IV, Random, 95% 0.75[0.47, 1.20]
Cl)

1.3 Patients with hospitalization 7 1087 Risk Ratio (M-H, Random, 95% 0.65[0.44,0.95]

for greater than10 days Cl)

1.4 Time to neutrophil recovery 5 794 Risk Ratio (M-H, Random, 95% 0.52[0.34,0.81]
Cl)

1.5 Duration of grade IV neu- 9 1135 Std. Mean Difference (IV, Ran- -1.70 [-2.65,-0.76]

tropenia dom, 95% Cl)

1.6 Time to recovering from fever 9 966 Std. Mean Difference (IV, Ran- -0.49 [-0.90, -0.09]

dom, 95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.7 Time to withdrawal from an- 3 457 Std. Mean Difference (IV, Ran- -1.50[-2.83,-0.18]
tibiotics dom, 95% Cl)
1.8 Deep vein thrombosis 4 389 Risk Ratio (M-H, Random, 95% 1.68[0.72,3.93]

Cl)
1.9 Bone and joint pain or flu-like 6 622 Risk Ratio (M-H, Random, 95% 1.59[1.04,2.42]
symptoms Cl)

Analysis 1.1. Comparison 1: Benefits and harms - CSF +
antibiotics vs antibiotics alone, Outcome 1: Overall mortality

CSF plus ATB ATB alone Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anaissie 1996 0 0.84 50 50 7.6% 1.00[0.19, 5.19] PR N—
Arnberg 1998 2.08 2 14 15 1.3% 8.00 [0.16 , 403.40] e
Aviles 1996 -1.19 0.49 61 58 22.2% 0.30[0.12, 0.79] — .
Biesma 1990 2.16 2 12 14 1.3% 8.67[0.17 , 437.00] e
Garcia-Carbonero 2001 -0.05 0.65 104 99 12.6% 0.95[0.27, 3.40] —
Lopez-Hernandez 2000 -0.82 1.19 21 19 3.8% 0.4410.04 , 4.54] _—
Maher 1994 -0.27 0.41 109 107 31.8% 0.76 [0.34, 1.71] —
Mayordomo 1995 0.82 0.84 39 22 7.6% 2.27[0.44 ,11.78] JE
Mayordomo 1995 0 1.02 39 21 5.1% 1.00[0.14, 7.38] JRE S
Mitchell 1997 0 0 94 92 Not estimable
Ravaud 1998 -2 2 34 34 1.3% 0.14[0.00,6.82] ¢
Riikonen 1994 0 0 28 30 Not estimable
Rodriguez 2005 1.24 2 18 17 1.3% 3.46 [0.07, 174.15] >
Vellenga 1996 -0.62 1.16 65 69 4.0% 0.54[0.06, 5.23] [ W
Total (95% CI) 688 647 100.0% 0.74[0.47 , 1.16]
Heterogeneity: Tau? = 0.00; Chi2 = 9.96, df = 11 (P = 0.53); I> = 0% ﬂ
Test for overall effect: Z = 1.31 (P = 0.19) O.:Ol Ofl 1 1:0 160
Test for subgroup differences: Not applicable Favors CSF plus ATB Favors ATB alone
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Analysis 1.2. Comparison 1: Benefits and harms - CSF + antibiotics
vs antibiotics alone, Outcome 2: Infection related mortality

CSF plus ATB ATB alone Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anaissie 1996 -1.02 1 50 50 5.5% 0.36 [0.05, 2.56] I
Aviles 1996 -1.15 0.45 61 61  21.6% 0.32[0.13, 0.76] — -
Biesma 1990 0.02 0.2 12 14 53.3% 1.02[0.69, 1.51] »
Garcia-Carbonero 2001 0.35 0.89 104 99 6.8% 1.4210.25,8.12] R IS
Lopez-Hernandez 2000 -0.79 1.15 21 19 4.2% 0.45[0.05, 4.32] [ E—
Mayordomo 1995 1.52 2 39 21 1.4% 4.57 [0.09, 230.43] >
Mayordomo 1995 0.07 1.15 39 22 4.2% 1.07[0.11, 10.22] R N—
Ravaud 1998 -2 2 34 34 1.4% 0.14[0.00,6.82] ¢
Riikonen 1994 0 0 28 30 Not estimable
Rodriguez 2005 1.24 2 18 7 1.4% 3.46 [0.07, 174.15] >
Vellenga 1996 0 0 65 69 Not estimable
Total (95% CI) 471 426 100.0% 0.75 [0.47 , 1.20]
Heterogeneity: Tau? = 0.07; Chi2 =9.09, df =8 (P =0.33); 2= 12% ﬂ
Test for overall effect: Z = 1.19 (P = 0.23) O.:Ol Ofl 1 1:0 160
Test for subgroup differences: Not applicable Favors CSF plus ATB Favors ATB alone

Analysis 1.3. Comparison 1: Benefits and harms - CSF + antibiotics vs antibiotics
alone, Outcome 3: Patients with hospitalization for greater than10 days

CSF plus ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anaissie 1996 18 50 26 50 16.4% 0.69 [0.44, 1.09] =]
Garcia-Carbonero 2001 24 104 23 99  15.6% 0.99[0.60, 1.64] .
Maher 1994 30 109 52 107 17.9% 0.57[0.39, 0.81] -
Mayordomo 1995 1 39 7 21 3.0% 0.08[0.01,0.58] — .
Mayordomo 1995 2 39 8 22 5.2% 0.14[0.03, 0.61] J
Mitchell 1997 17 94 18 92 14.0% 0.92 [0.51, 1.68] .
Riikonen 1994 5 28 15 30 10.1% 0.36 [0.15, 0.85] P
Yoshida 1999 39 102 33 101 17.8% 1.17[0.81, 1.70] .
Total (95% CI) 565 522 100.0% 0.65 [0.44 , 0.95] ‘
Total events: 136 182
Heterogeneity: Tau? = 0.18; Chi2 = 22,50, df = 7 (P = 0.002); 2 = 69% 00l o1 o 100
Test for overall effect: Z = 2.21 (P = 0.03) Favors CSF plus ATB Favors ATB alone

Test for subgroup differences: Not applicable
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Analysis 1.4. Comparison 1: Benefits and harms - CSF + antibiotics
vs antibiotics alone, Outcome 4: Time to neutrophil recovery

Risk Ratio
M-H, Random, 95% CI

CSF + ATB ATB alone

Study or Subgroup Events Total Events Total Weight
Garcia-Carbonero 2001 2 104 8 99 6.8%
Maher 1994 31 109 58 107 29.2%
Mayordomo 1995 39 21 2.2%
Mayordomo 1995 0 39 22 2.2%
Mitchell 1997 58 94 71 92 33.3%
Ravaud 1998 14 34 26 34 262%
Total (95% CI) 419 375 100.0%
Total events: 105 172

Heterogeneity: Tau? = 0.14; Chi2 = 16.49, df = 5 (P = 0.006); I2 = 70%
Test for overall effect: Z = 2.89 (P = 0.004)
Test for subgroup differences: Not applicable

0.24[0.05, 1.09]
0.52[0.37, 0.74]
0.05[0.00, 0.86]
0.06 [0.00, 1.13]
0.80 [0.66 , 0.97]
0.54[0.35, 0.84]

0.52[0.34, 0.81]

Risk Ratio
M-H, Random, 95% CI

-
——

— 1

|
-0~

001 01 10

Favors CSF plus ATB

Analysis 1.5. Comparison 1: Benefits and harms - CSF + antibiotics
vs antibiotics alone, Outcome 5: Duration of grade IV neutropenia

100
Favors ATB alone

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Aviles 1996 7.5 2 61 14.8 1 58 9.8% -4.55 [-5.24 , -3.86] -
Biesma 1990 6.3 3.2 15 6.7 4.3 15 9.7% -0.10 [-0.82, 0.61] +
Garcia-Carbonero 2001 2 0.01 104 3 0.333 99  10.0% -4.28 [-4.79 , -3.78] -
Maher 1994 3.3 2 109 4.3 2.5 107 10.2% -0.44[-0.71,-0.17] o
Mayordomo 1995 (1) 2 1.25 39 5.75 3.75 21 9.9% -1.53[-2.13,-0.93] -
Mayordomo 1995 (2) 2 1.25 39 5.75 3.75 22 9.9% -1.51[-2.10, -0.92] -
Mitchell 1997 3 0.5 94 5 0.833 92 10.1% -2.91[-3.32,-2.49] -
Ravaud 1998 3.2 1.75 34 4.2 2 34 10.1% -0.53 [-1.01, -0.04] M
Riikonen 1994 4.5 35 28 8.58 5 30 10.0% -0.93 [-1.47 , -0.38] -
Vellenga 1996 3 3.25 65 4 3.25 69  10.2% -0.31 [-0.65, 0.03] o
Total (95% CI) 588 547 100.0% -1.70 [-2.65 , -0.76] ‘

Heterogeneity: Tau? = 2.26; Chi2 = 373.18, df = 9 (P < 0.00001); I2 = 98%
Test for overall effect: Z = 3.53 (P = 0.0004)
Test for subgroup differences: Not applicable

Footnotes
(1) G-CSF
(2) GM-CSF

10 5
Favors CSF plus ATB

0 5 10
Favors ATB alone
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Analysis 1.6. Comparison 1: Benefits and harms - CSF + antibiotics
vs antibiotics alone, Outcome 6: Time to recovering from fever

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aviles 1996 6.1 2.75 61 11.4 2.75 58 10.4% -1.91 [-2.35, -1.48] ——
Biesma 1990 29 3.6 12 24 2.5 12 8.1% 0.16 [-0.65, 0.96] —_—
Lopez-Hernandez 2000 5.5 3 21 7.6 3 19 9.1% -0.69 [-1.33, -0.05] —_—
Maher 1994 3 3 109 3 4.667 107 11.2% 0.00[-0.27, 0.27] 4
Mayordomo 1995 (1) 2 1.5 39 4 2.5 22 9.6% -1.03 [-1.59, -0.47] —
Mayordomo 1995 (2) 1 2.75 39 4 2.5 21 9.6% -1.11 [-1.68, -0.54] —
Mitchell 1997 2 3 94 3 5 92 11.1% -0.24 [-0.53, 0.05] ]
Ravaud 1998 2 2 34 2 2.75 34 10.1% 0.00[-0.48, 0.48] —
Riikonen 1994 2.1 1.25 28 2.3 2.25 30 9.9% -0.11 [-0.62, 0.41] —
Vellenga 1996 3 3.25 65 3 3.25 69 10.9% 0.00 [-0.34, 0.34] 4
Total (95% CI) 502 464 100.0% -0.49 [-0.90 , -0.09] ‘
Heterogeneity: Tau2 = 0.36; Chi2 = 78.72, df =9 (P < 0.00001); 12 = 89%
Test for overall effect: Z = 2.37 (P = 0.02) 0 1 1 2
Test for subgroup differences: Not applicable Favors CSF plus ATB Favors ATB alone
Footnotes
(1) GM-CSF
(2) G-CSF

Analysis 1.7. Comparison 1: Benefits and harms - CSF + antibiotics
vs antibiotics alone, Outcome 7: Time to withdrawal from antibiotics

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Garcia-Carbonero 2001 5 0.01 104 6 0.5 99 33.4% -2.85[-3.25, -2.46] -
Mitchell 1997 5 1 94 6 1.25 92 33.8% -0.88[-1.18, -0.58] -
Ravaud 1998 5 2.75 34 7.8 4.25 34 32.8% -0.77 [-1.27 ,-0.28] -
Total (95% CI) 232 225 100.0% -1.50 [-2.83, -0.18] -

Heterogeneity: Tau2 = 1.33; Chi2 = 69.92, df = 2 (P < 0.00001); I2=97%

Test for overall effect: Z = 2.22 (P = 0.03)
Test for subgroup differences: Not applicable

4 2
Favors CSF plus ATB

Analysis 1.8. Comparison 1: Benefits and harms - CSF +
antibiotics vs antibiotics alone, Outcome 8: Deep vein thrombosis

2 4
Favors ATB alone

CSF+ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Arnberg 1998 1 14 0 15 7.4% 3.20[0.14, 72.62] »
Biesma 1990 6 11 4 12 77.6% 1.64[0.62 , 4.30] —
Garcia-Carbonero 2001 0 104 1 99 7.1% 0.32[0.01,7.70] ¢
Vellenga 1996 2 65 0 69 7.9% 5.30[0.26, 108.41] N
Total (95% CI) 194 195 100.0% 1.68 [0.72, 3.93]
Total events: 9 5

Heterogeneity: Tau? = 0.00; Chi2 = 1.78, df = 3 (P = 0.62); 12 = 0%

Test for overall effect: Z = 1.20 (P = 0.23)
Test for subgroup differences: Not applicable

01 02 05 1
Favors CSF+ATB

2 5 10
Favors ATB alone

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

39



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Analysis 1.9. Comparison 1: Benefits and harms - CSF + antibiotics vs
antibiotics alone, Outcome 9: Bone and joint pain or flu-like symptoms

CSF + ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total [Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Arnberg 1998 0 14 0 15 Not estimable
Maher 1994 35 109 24 107 89.4% 1.43[0.92, 2.24] .
Mayordomo 1995 (1) 1 39 0 21 1.8% 1.65[0.07, 38.82]
Mayordomo 1995 (2) 4 39 0 22 2.1% 5.17[0.29, 91.86] N
Ravaud 1998 4 34 0 34 2.1% 9.00[0.50, 160.96] —t .
Riikonen 1994 4 28 0 30 2.1% 9.62[0.54, 170.96] —_ .
Vellenga 1996 1 65 1 65 2.3% 1.00 [0.06 , 15.65]
Total (95% CI) 328 294 100.0% 1.59 [1.04, 2.42] ‘
Total events: 49 25
Heterogeneity: Tau? = 0.00; Chi? = 4.18, df = 5 (P = 0.52); I? = 0% 0_62 Ofl ] 1:0 5:0
Test for overall effect: Z =2.14 (P = 0.03) Favors CSF + ATB Favors ATB alone

Test for subgroup differences: Not applicable
Footnotes

(1) G-CSF
(2) GM-CSF

Comparison 2. Subgroup analysis - Study population (children vs. adults)

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

2.1 Patients with hos- 7 1087 Risk Ratio (M-H, Random, 95% Cl) 0.65[0.44,0.95]

pitalization for greater

than10 days

2.1.1 Adults 5 843 Risk Ratio (M-H, Random, 95% Cl) 0.65[0.41, 1.03]

2.1.2 Children 2 244 Risk Ratio (M-H, Random, 95% Cl) 0.61[0.24, 1.53]

2.2 Time to neutrophilre- 5 794 Risk Ratio (M-H, Random, 95% Cl) 0.52[0.34,0.81]

covery

2.2.1 Adults 4 608 Risk Ratio (M-H, Random, 95% Cl) 0.45[0.29, 0.70]

2.2.2 Children 1 186 Risk Ratio (M-H, Random, 95% Cl) 0.80[0.66, 0.97]

2.3 Duration of grade IV 9 1135 Std. Mean Difference (IV, Random, 95%  -1.70 [-2.65, -0.76]

neutropenia Cl)

2.3.1 Adults 7 891 Std. Mean Difference (IV, Random, 95%  -1.65[-2.75,-0.55]
Cl)

2.3.2 Children 2 244 Std. Mean Difference (IV, Random, 95%  -1.93 [-3.87, 0.02]
Cl)

2.4 Time to recovering 9 966 Std. Mean Difference (IV, Random, 95%  -0.49 [-0.90, -0.09]

from fever cl)
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Outcome or subgroup

No. of studies

No. of partici-

Statistical method

Effect size

title pants

2.4.1 Adults 6 682 Std. Mean Difference (IV, Random, 95%  -0.56 [-1.15, 0.03]
Cl)

2.4.2 Children 2 244 Std. Mean Difference (IV, Random, 95%  -0.21 [-0.46, 0.04]
Cl)

2.4.3 Adults and Children 1 40 Std. Mean Difference (IV, Random,95%  -0.69 [-1.33,-0.05]

Cl)

Analysis 2.1. Comparison 2: Subgroup analysis - Study population (children
vs. adults), Outcome 1: Patients with hospitalization for greater than10 days

CSF plus ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Adults
Anaissie 1996 18 50 26 50 16.4% 0.69 [0.44 , 1.09]
Garcia-Carbonero 2001 24 104 23 99  15.6% 0.99 [0.60, 1.64] —
Maher 1994 30 109 52 107 17.9% 0.57[0.39, 0.81] -
Mayordomo 1995 39 21 3.0% 0.08 [0.01, 0.58]
Mayordomo 1995 2 39 22 5.2% 0.14[0.03, 0.61] —
Yoshida 1999 39 102 33 101 17.8% 1.17[0.81, 1.70] .
Subtotal (95% CI) 443 400 75.9% 0.65 [0.41, 1.03] ‘,
Total events: 114 149
Heterogeneity: Tau? = 0.20; Chi? = 19.21, df = 5 (P = 0.002); I2 = 74%
Test for overall effect: Z = 1.83 (P = 0.07)
2.1.2 Children
Mitchell 1997 17 94 18 92 14.0% 0.92[0.51, 1.68] .
Riikonen 1994 5 28 15 30 10.1% 0.36 [0.15, 0.85] P
Subtotal (95% CI) 122 122 24.1% 0.61[0.24, 1.53] ‘
Total events: 22 33
Heterogeneity: Tau? = 0.31; Chi2 = 3.12, df = 1 (P = 0.08); I2 = 68%
Test for overall effect: Z = 1.06 (P = 0.29)
Total (95% CI) 565 522 100.0% 0.65[0.44, 0.95] ‘

Total events:

136

182

Heterogeneity: Tau? = 0.18; Chi2 = 22.50, df = 7 (P = 0.002); I2 = 69%
Test for overall effect: Z = 2.21 (P = 0.03)
Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.90), I2 = 0%

Favors CSF plus ATB

0.01

0.1

10 100

Favors ATB alone
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Analysis 2.2. Comparison 2: Subgroup analysis - Study population
(children vs. adults), Outcome 2: Time to neutrophil recovery

CSF + ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.2.1 Adults
Garcia-Carbonero 2001 2 104 8 99 6.8% 0.24[0.05, 1.09] JE——
Maher 1994 31 109 58 107 29.2% 0.52[0.37,0.74] -
Mayordomo 1995 0 39 5 21 2.2% 0.05[0.00,0.86] ¢—s——
Mayordomo 1995 0 39 4 22 2.2% 0.06[0.00,1.13] ¢—e— |
Ravaud 1998 14 34 26 34 262% 0.54[0.35, 0.84] -
Subtotal (95% CI) 325 283  66.7% 0.45 [0.29, 0.70] ‘
Total events: 47 101
Heterogeneity: Tau? = 0.08; Chi2 = 6.14, df = 4 (P = 0.19); I2 = 35%
Test for overall effect: Z = 3.53 (P = 0.0004)
2.2.2 Children
Mitchell 1997 58 94 71 92 33.3% 0.80[0.66 , 0.97]
Subtotal (95% CI) 94 92  33.3% 0.80 [0.66 , 0.97] a
Total events: 58 71
Heterogeneity: Not applicable
Test for overall effect: Z = 2.26 (P = 0.02)
Total (95% CI) 419 375 100.0% 0.52[0.34, 0.81] ‘
Total events: 105 172
Heterogeneity: Tau? = 0.14; Chi2 = 16.49, df = 5 (P = 0.006); I2 = 70% ol o1 T 100
Test for overall effect: Z =2.89 (P = 0.004) Favors CSF plus ATB Favors ATB alone

Test for subgroup differences: Chi? = 5.40, df = 1 (P = 0.02), I? = 81.5%
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Analysis 2.3. Comparison 2: Subgroup analysis - Study population
(children vs. adults), Outcome 3: Duration of grade IV neutropenia

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
2.3.1 Adults
Aviles 1996 7.5 2 61 14.8 1 58 9.8% -4.55 [-5.24 , -3.86] -
Biesma 1990 6.3 3.2 15 6.7 43 15 9.7% -0.10 [-0.82, 0.61] +
Garcia-Carbonero 2001 2 0.01 104 3 0.333 99  10.0% -4.28 [-4.79 , -3.78] -
Maher 1994 3.3 2 109 4.3 2.5 107 10.2% -0.44[-0.71,-0.17] o
Mayordomo 1995 (1) 2 1.25 39 5.75 3.75 21 9.9% -1.53 [-2.13, -0.93] -
Mayordomo 1995 (2) 2 1.25 39 5.75 3.75 22 9.9% -1.51[-2.10, -0.92] -
Ravaud 1998 3.2 1.75 34 4.2 2 34 10.1% -0.53 [-1.01, -0.04] |
Vellenga 1996 3 3.25 65 4 3.25 69  10.2% -0.31 [-0.65, 0.03] o
Subtotal (95% CI) 466 425  79.9% -1.65 [-2.75 , -0.55] ’

Heterogeneity: Tau2 = 2.45; Chi2 = 310.37, df = 7 (P < 0.00001); I2 = 98%
Test for overall effect: Z = 2.93 (P = 0.003)

2.3.2 Children

Mitchell 1997 3 0.5 94 5 0.833 92 10.1% -2.91[-3.32,-2.49] -
Riikonen 1994 4.5 3.5 28 8.58 5 30  10.0% -0.93 [-1.47 ,-0.38] =
Subtotal (95% CI) 122 122 20.1% -1.93 [-3.87, 0.02] ‘

Heterogeneity: Tau2 = 1.90; Chi2 = 32.21, df = 1 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 1.94 (P = 0.05)

Total (95% CI) 588 547 100.0% -1.70 [-2.65, -0.76] ‘
Heterogeneity: Tau? = 2.26; Chi? = 373.18, df = 9 (P < 0.00001); I = 98%
Test for overall effect: Z = 3.53 (P = 0.0004) 10 -5 5 10
Test for subgroup differences: Chi2 = 0.06, df = 1 (P = 0.81), I2 = 0% Favors CSF plus ATB Favors ATB alone
Footnotes
(1) G-CSF
(2) GM-CSF
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Analysis 2.4. Comparison 2: Subgroup analysis - Study population
(children vs. adults), Outcome 4: Time to recovering from fever
CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.4.1 Adults
Aviles 1996 6.1 2.75 61 11.4 2.75 58 10.4% -1.91[-2.35,-1.48] —
Biesma 1990 2.9 3.6 12 24 2.5 12 8.1% 0.16 [-0.65, 0.96] JE
Maher 1994 3 3 109 3 4.667 107 11.2% 0.00[-0.27, 0.27] 4
Mayordomo 1995 (1) 1 2.75 39 4 2.5 21 9.6% -1.11 [-1.68, -0.54] —
Mayordomo 1995 (2) 2 1.5 39 4 2.5 22 9.6% -1.03 [-1.59, -0.47] ——
Ravaud 1998 2 2 34 2 2.75 34 10.1% 0.00 [-0.48, 0.48] —
Vellenga 1996 3 3.25 65 3 3.25 69 10.9% 0.00[-0.34, 0.34] —4—
Subtotal (95% CI) 359 323  69.9% -0.56 [-1.15, 0.03] ‘
Heterogeneity: Tau? = 0.57; Chi2 = 75.77, df = 6 (P < 0.00001); I2 = 92%
Test for overall effect: Z = 1.86 (P = 0.06)
2.4.2 Children
Mitchell 1997 2 3 94 5 92 11.1% -0.24[-0.53, 0.05] =
Riikonen 1994 2.1 1.25 28 2.3 2.25 30 9.9% -0.11 [-0.62, 0.41] —
Subtotal (95% CI) 122 122 21.0% -0.21 [-0.46 , 0.04]
Heterogeneity: Tau? = 0.00; Chi? = 0.20, df = 1 (P = 0.65); I> = 0%
Test for overall effect: Z = 1.63 (P = 0.10)
2.4.3 Adults and Children
Lopez-Hernandez 2000 5.5 3 21 7.6 3 19 9.1% -0.69 [-1.33, -0.05] _—
Subtotal (95% CI) 21 19 9.1% -0.69 [-1.33, -0.05] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 2.10 (P = 0.04)
Total (95% CI) 502 464 100.0% -0.49 [-0.90, -0.09] ‘

Heterogeneity: Tau? = 0.36; Chi? = 78.72, df = 9 (P < 0.00001); I = 89%

Test for overall effect: Z = 2.37 (P = 0.02) D 1 1 2
Test for subgroup differences: Chi2 = 2.62, df = 2 (P = 0.27), I2 = 23.6% Favors CSF plus ATB Favors ATB alone
Footnotes
(1) G-CSF
(2) GM-CSF
Comparison 3. Subgroup analysis - Type of CSF (G-CSF vs. GM-CSF)
Outcome or subgroup  No. of studies No. of partici- Statistical method Effect size
title pants
3.1 Patients with hos- 7 1087 Risk Ratio (M-H, Random, 95% Cl) 0.65[0.44,0.95]
pitalization for greater
than 10 days
3.1.1 G-CSF 5 868 Risk Ratio (M-H, Random, 95% Cl) 0.79[0.51, 1.23]
3.1.2 GM-CSF 3 219 Risk Ratio (M-H, Random, 95% CI) 0.40[0.18, 0.92]
3.2 Time to neutrophil 5 794 Risk Ratio (M-H, Random, 95% Cl) 0.52[0.34,0.81]
recovery
3.2.1G-CSF 4 665 Risk Ratio (M-H, Random, 95% CI) 0.54[0.31, 0.94]
3.2.2 GM-CSF 2 129 Risk Ratio (M-H, Random, 95% Cl) 0.28[0.04,2.21]
3.3 Duration of gradelV 9 1135 Std. Mean Difference (IV, Random, 95% -1.70 [-2.65,-0.76]

neutropenia

cl)
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Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

3.3.1G-CSF 5 784 Std. Mean Difference (IV, Random, 95% -2.73[-4.43,-1.04]
Cl)

3.3.2 GM-CSF 5 351 Std. Mean Difference (IV, Random, 95% -0.67[-1.12,-0.22]
Cl)

3.4 Time to recovering 9 966 Std. Mean Difference (IV, Random, 95% -0.49 [-0.90, -0.09]

from fever Cl)

3.4.1 G-CSF 5 621 Std. Mean Difference (IV, Random, 95% -0.78 [-1.47,-0.08]
cl)

3.4.2 GM-CSF 5 345 Std. Mean Difference (IV, Random, 95% -0.20[-0.58, 0.18]
Cl)

3.5 Time to withdrawal 3 457 Std. Mean Difference (IV, Random, 95% -1.50[-2.83,-0.18]

from antibiotics Cl)

3.5.1 G-CSF 2 389 Std. Mean Difference (IV, Random, 95% -1.86 [-3.80, 0.07]
Cl)

3.5.2 GM-CSF 1 68 Std. Mean Difference (IV, Random, 95% -0.77[-1.27,-0.28]
cl)
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Analysis 3.1. Comparison 3: Subgroup analysis - Type of CSF (G-CSF vs. GM-
CSF), Outcome 1: Patients with hospitalization for greater than 10 days

CSF plus ATB ATB Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 G-CSF
Garcia-Carbonero 2001 24 104 23 99 15.6% 0.99 [0.60, 1.64]
Maher 1994 30 109 52 107 17.9% 0.57[0.39, 0.81] -
Mayordomo 1995 1 39 7 21 3.0% 0.08[0.01,058] — .
Mitchell 1997 17 94 18 92 14.0% 0.92[0.51, 1.68]
Yoshida 1999 39 102 33 101 17.8% 1.17[0.81, 1.70]
Subtotal (95% CI) 448 420 68.4% 0.79 [0.51, 1.23]
Total events: 111 133
Heterogeneity: Tau? = 0.16; Chi2 = 13.55, df = 4 (P = 0.009); I2 = 70%
Test for overall effect: Z = 1.03 (P = 0.30)
3.1.2 GM-CSF
Anaissie 1996 18 50 26 50 16.4% 0.69[0.44 , 1.09] .
Mayordomo 1995 2 39 8 22 5.2% 0.14[0.03, 0.61] .
Riikonen 1994 5 28 15 30 10.1% 0.36 [0.15, 0.85] —.
Subtotal (95% CI) 117 102 31.6% 0.40 [0.18, 0.92] ‘
Total events: 25 49
Heterogeneity: Tau? = 0.33; Chi2 = 5.57, df = 2 (P = 0.06); 1> = 64%
Test for overall effect: Z = 2.16 (P = 0.03)
Total (95% CI) 565 522 100.0% 0.65 [0.44, 0.95] ‘
Total events: 136 182
Heterogeneity: Tau? = 0.18; Chi2 = 22.50, df = 7 (P = 0.002); I2 = 69% ol o1 b 100

Test for overall effect: Z = 2.21 (P = 0.03)
Test for subgroup differences: Chi2 = 2.00, df = 1 (P = 0.16), I = 50.0%

Favors CSF plus ATB

Favors ATB alone

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

46



c Coch rane Trusted evidence.
= . Informed decisions.
] Ll b ra ry Better health.

Cochrane Database of Systematic Reviews

Analysis 3.2. Comparison 3: Subgroup analysis - Type of CSF
(G-CSF vs. GM-CSF), Outcome 2: Time to neutrophil recovery

CSF + ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.2.1 G-CSF
Garcia-Carbonero 2001 2 104 8 99 6.8% 0.24[0.05, 1.09] JE——
Maher 1994 31 109 58 107 29.2% 0.52[0.37, 0.74] -
Mayordomo 1995 0 39 5 21 2.2% 0.05[0.00,0.86] ¢—s——
Mitchell 1997 58 94 71 92 33.3% 0.80[0.66, 0.97] m
Subtotal (95% CI) 346 319 71.6% 0.54 [0.31, 0.94] ‘
Total events: 91 142
Heterogeneity: Tau? = 0.17; Chi? = 11.95, df = 3 (P = 0.008); I2 = 75%
Test for overall effect: Z =2.17 (P = 0.03)
3.2.2 GM-CSF
Mayordomo 1995 0 39 4 22 2.2% 0.06[0.00,1.13] ¢—W 1
Ravaud 1998 14 34 26 34 262% 0.54[0.35, 0.84] -
Subtotal (95% CI) 73 56 28.4% 0.28 [0.04, 2.21] ’
Total events: 14 30
Heterogeneity: Tau? = 1.51; Chi2=2.37,df =1 (P =0.12); 2 = 58%
Test for overall effect: Z = 1.20 (P = 0.23)
Total (95% CI) 419 375 100.0% 0.52[0.34, 0.81] ‘
Total events: 105 172

Heterogeneity: Tau? = 0.14; Chi?2 = 16.49, df = 5 (P = 0.006); I2 = 70%
Test for overall effect: Z =2.89 (P = 0.004)
Test for subgroup differences: Chi2 = 0.34, df = 1 (P = 0.56), I* = 0%

001 0.1
Favors CSF plus ATB

10 100
Favors ATB alone
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Analysis 3.3. Comparison 3: Subgroup analysis - Type of CSF (G-
CSF vs. GM-CSF), Outcome 3: Duration of grade IV neutropenia

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
3.3.1 G-CSF
Aviles 1996 7.5 2 61 14.8 1 58 9.8% -4.55 [-5.24 , -3.86] -
Garcia-Carbonero 2001 2 0.01 104 3 0.333 99  10.0% -4.28 [-4.79 , -3.78] -
Maher 1994 3.3 2 109 4.3 2.5 107 10.2% -0.44[-0.71,-0.17] o
Mayordomo 1995 (1) 2 1.25 39 5.75 3.75 21 9.9% -1.53[-2.13,-0.93] -
Mitchell 1997 3 0.5 94 5 0.833 92 10.1% -2.91[-3.32, -2.49] -
Subtotal (95% CI) 407 377 50.1% -2.73 [-4.43, -1.04] ‘
Heterogeneity: Tau? = 3.67; Chi? = 279.54, df = 4 (P < 0.00001); I = 99%
Test for overall effect: Z = 3.16 (P = 0.002)
3.3.2 GM-CSF
Biesma 1990 6.3 3.2 15 6.7 4.3 15 9.7% -0.10 [-0.82, 0.61] +
Mayordomo 1995 (2) 2 1.25 39 5.75 3.75 22 9.9% -1.51[-2.10, -0.92] -
Ravaud 1998 3.2 1.75 34 4.2 2 34 10.1% -0.53 [-1.01, -0.04] =
Riikonen 1994 45 35 28 8.58 5 30 10.0% -0.93 [-1.47,-0.38] -
Vellenga 1996 3 3.25 65 4 3.25 69  10.2% -0.31[-0.65, 0.03] o
Subtotal (95% CI) 181 170 49.9% -0.67 [-1.12, -0.22] ‘|
Heterogeneity: Tau2 = 0.19; Chi2 = 15.28, df = 4 (P = 0.004); [2 = 74%
Test for overall effect: Z = 2.92 (P = 0.004)
Total (95% CI) 588 547 100.0% -1.70 [-2.65 , -0.76] ‘
Heterogeneity: Tau? = 2.26; Chi? = 373.18, df = 9 (P < 0.00001); I = 98%
Test for overall effect: Z = 3.53 (P = 0.0004) ,1:0 _:5 '5 1:0
Test for subgroup differences: Chi2 = 5.33, df =1 (P = 0.02), I2 = 81.2% Favors CSF plus ATB Favors ATB alone
Footnotes
(1) G-CSF
(2) GM-CSF

Analysis 3.4. Comparison 3: Subgroup analysis - Type of CSF (G-
CSF vs. GM-CSF), Outcome 4: Time to recovering from fever

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.4.1 G-CSF
Aviles 1996 6.1 2.75 61 114 2.75 58  10.4% -1.91[-2.35, -1.48] —
Lopez-Hernandez 2000 5.5 3 21 7.6 3 19 9.1% -0.69 [-1.33, -0.05] —
Maher 1994 3 3 109 3 4.667 107 11.2% 0.00 [-0.27, 0.27] 4+
Mayordomo 1995 1 2.75 39 4 2.5 21 9.6% -1.11 [-1.68 , -0.54] —
Mitchell 1997 2 3 94 3 5 92 11.1% -0.24 [-0.53, 0.05] ]
Subtotal (95% CI) 324 297 51.4% -0.78 [-1.47 , -0.08] ‘
Heterogeneity: Tau2 = 0.57; Chi2 = 61.69, df = 4 (P < 0.00001); 12 = 94%
Test for overall effect: Z = 2.20 (P = 0.03)
3.4.2 GM-CSF
Biesma 1990 29 3.6 12 24 25 12 8.1% 0.16 [-0.65 , 0.96] —
Mayordomo 1995 2 15 39 4 25 22 9.6% -1.03 [-1.59, -0.47] ——
Ravaud 1998 2 2 34 2 2.75 34 10.1% 0.00 [-0.48 , 0.48] 4
Riikonen 1994 2.1 1.25 28 2.3 2.25 30 9.9% -0.11[-0.62, 0.41] —
Vellenga 1996 3 3.25 65 3 3.25 69 10.9% 0.00 [-0.34, 0.34] —4—
Subtotal (95% CI) 178 167  48.6% -0.20 [-0.58 , 0.18] ‘
Heterogeneity: Tau2 = 0.12; Chi2 = 11.35, df = 4 (P = 0.02); I2 = 65%
Test for overall effect: Z = 1.01 (P = 0.31)
Total (95% CI) 502 464 100.0% -0.49 [-0.90 , -0.09] ‘
Heterogeneity: Tau2 = 0.36; Chi2 = 78.72, df =9 (P < 0.00001); 12 = 89%
Test for overall effect: Z = 2.37 (P = 0.02) _:2 _:1 i é
Test for subgroup differences: Chi2 = 2.04, df =1 (P =0.15), I>=51.1% Favors CSF plus ATB Favors ATB alone
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Analysis 3.5. Comparison 3: Subgroup analysis - Type of CSF (G-
CSF vs. GM-CSF), Outcome 5: Time to withdrawal from antibiotics

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
3.5.1 G-CSF
Garcia-Carbonero 2001 5 0.01 104 6 0.5 99 33.4% -2.85[-3.25, -2.46] -
Mitchell 1997 5 1 94 6 1.25 92 33.8% -0.88 [-1.18, -0.58] -
Subtotal (95% CI) 198 191  67.2% -1.86 [-3.80, 0.07] ’
Heterogeneity: Tau? = 1.91; Chi2 = 60.96, df = 1 (P < 0.00001); I> = 98%
Test for overall effect: Z = 1.89 (P = 0.06)
3.5.2 GM-CSF
Ravaud 1998 5 2.75 34 7.8 4.25 34 32.8% -0.77 [-1.27 , -0.28] -
Subtotal (95% CI) 34 34 32.8% -0.77 [-1.27 , -0.28] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 3.07 (P = 0.002)
Total (95% CI) 232 225 100.0% -1.50 [-2.83, -0.18] ‘
Heterogeneity: Tau2 = 1.33; Chi2 = 69.92, df = 2 (P < 0.00001); I2=97%
Test for overall effect: Z = 2.22 (P = 0.03) _:4 _:2 é i

Test for subgroup differences: Chi2 = 1.15, df =1 (P = 0.28), I> = 12.7%

Favors CSF plus ATB

Comparison 4. Subgroup analysis - Hospital discharge criteria (fever resolution)

Favors ATB alone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.1 Patients with hospitalization for 5 784 Risk Ratio (M-H, Random, 0.53[0.32,0.88]

greater than 10 days 95% Cl)

4.1.1 Discharge after 48h of resolution 2 324 Risk Ratio (M-H, Random, 0.26 [0.04, 1.57]

of fever 95% Cl)

4.1.2 Discharge after 72 hours of the 2 244 Risk Ratio (M-H, Random, 0.61[0.24, 1.53]

resolution of fever 95% Cl)

4.1.3 Discharge after 96 hours of the 1 216 Risk Ratio (M-H, Random, 0.57[0.39, 0.81]

resolution of fever 95% Cl)

4.2 Time to neutrophil recovery 5 794 Risk Ratio (M-H, Random, 0.52[0.34,0.81]
95% Cl)

4.2.1 Discharge after 24h of resolution 1 68 Risk Ratio (M-H, Random, 0.54[0.35, 0.84]

of fever 95% Cl)

4.2.2 Discharge after 48h of resolution 2 324 Risk Ratio (M-H, Random, 0.14[0.04, 0.48]

of fever 95% Cl)

4.2.3 Discharge after 72h of resolution 1 186 Risk Ratio (M-H, Random, 0.80[0.66, 0.97]

of fever 95% Cl)

4.2.4 Discharge after 96h of resolution 1 216 Risk Ratio (M-H, Random, 0.52[0.37,0.74]

of fever 95% Cl)

4.3 Duration of grade IV neutropenia 8 1016 Std. Mean Difference (IV, Ran-  -1.39[-2.29, -0.50]

dom, 95% Cl)

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
4.3.1 Discharge after 24 hours of reso- 1 68 Std. Mean Difference (IV, Ran-  -0.53 [-1.01, -0.04]

lution of fever

dom, 95% Cl)

4.3.2 Discharge after 48 hours of reso- 3 354
lution of fever

Std. Mean Difference (IV, Ran-  -1.87 [-3.66, -0.07]
dom, 95% Cl)

4.3.3 Discharge after 72 hours of reso- 3 378
lution of fever

Std. Mean Difference (IV, Ran-  -1.38[-3.04, 0.28]
dom, 95% Cl)

4.3.4 Discharge after 96 hours of reso- 1 216
lution of fever

Std. Mean Difference (IV,Ran-  -0.44[-0.71,-0.17]
dom, 95% Cl)

4.4 Time to recovering from fever 7 807 Std. Mean Difference (IV, Ran-  -0.27 [-0.55, 0.01]
dom, 95% Cl)
4.4.1 Discharge after 24 hours of reso- 1 68 Std. Mean Difference (IV, Ran-  0.00 [-0.48, 0.48]

lution of fever

dom, 95% Cl)

4.4.2 Discharge after 48 hours of reso- 2 145
lution of fever

Std. Mean Difference (IV, Ran-  -0.72[-1.41,-0.02]
dom, 95% Cl)

4.4.3 Discharge after 72 hours of reso- 3 378
lution of fever

Std. Mean Difference (IV, Ran-  -0.14[-0.34, 0.07]
dom, 95% Cl)

4.4.4 Discharge after 96 hours of reso- 1 216
lution of fever

Std. Mean Difference (IV, Ran-  0.00 [-0.27, 0.27]
dom, 95% Cl)
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Analysis 4.1. Comparison 4: Subgroup analysis - Hospital discharge criteria (fever
resolution), Outcome 1: Patients with hospitalization for greater than 10 days

CSF plus ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

4.1.1 Discharge after 48h of resolution of fever

Garcia-Carbonero 2001 24 104 23 99 23.1% 0.99 [0.60, 1.64] .
Mayordomo 1995 1 39 7 21 5.3% 0.08[0.01,058] — o
Mayordomo 1995 2 39 8 22 8.7% 0.14[0.03, 0.61] —
Subtotal (95% CI) 182 142 37.1% 0.26 [0.04 , 1.57] ‘
Total events: 27 38

Heterogeneity: Tau? = 2.00; Chi? = 11.66, df = 2 (P = 0.003); I> = 83%
Test for overall effect: Z = 1.47 (P = 0.14)

4.1.2 Discharge after 72 hours of the resolution of fever

Mitchell 1997 17 94 18 92 21.1% 0.92[0.51, 1.68] ——
Riikonen 1994 5 28 15 30 16.0% 0.36 [0.15, 0.85] — .
Subtotal (95% CI) 122 122 37.1% 0.61[0.24, 1.53] ‘
Total events: 22 33

Heterogeneity: Tau? = 0.31; Chi2 = 3.12, df = 1 (P = 0.08); I2 = 68%
Test for overall effect: Z = 1.06 (P = 0.29)

4.1.3 Discharge after 96 hours of the resolution of fever

Maher 1994 30 109 52 107 25.8% 0.57[0.39, 0.81] -
Subtotal (95% CI) 109 107  25.8% 0.57 [0.39, 0.81] ‘
Total events: 30 52

Heterogeneity: Not applicable
Test for overall effect: Z = 3.08 (P = 0.002)

Total (95% CI) 413 371 100.0% 0.53 [0.32, 0.88] ‘

Total events: 79 123

Heterogeneity: Tau? = 0.23; Chi2 = 15.05, df = 5 (P = 0.01); 12 = 67% 001 o1 o 100
Test for overall effect: Z = 2.43 (P = 0.02) Favors CSF plus ATB Favors ATB alone

Test for subgroup differences: Chi2 = 0.72, df =2 (P = 0.70), I? = 0%

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 51
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Analysis 4.2. Comparison 4: Subgroup analysis - Hospital discharge
criteria (fever resolution), Outcome 2: Time to neutrophil recovery

CSF + ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

4.2.1 Discharge after 24h of resolution of fever

Ravaud 1998 14 34 26 34 262% 0.54[0.35, 0.84] -
Subtotal (95% CI) 34 34 26.2% 0.54 [0.35, 0.84] ‘
Total events: 14 26

Heterogeneity: Not applicable
Test for overall effect: Z = 2.74 (P = 0.006)

4.2.2 Discharge after 48h of resolution of fever

Garcia-Carbonero 2001 2 104 8 99 6.8% 0.24[0.05, 1.09] JE——
Mayordomo 1995 0 39 5 21 2.2% 0.05[0.00,0.86] ¢—e——
Mayordomo 1995 0 39 4 22 2.2% 0.06[0.00,1.13] ¢—e—— |
Subtotal (95% CI) 182 142 11.2% 0.14 [0.04 , 0.48] ‘
Total events: 2 17

Heterogeneity: Tau? = 0.00; Chi2 = 1.28, df = 2 (P = 0.53); 2 = 0%
Test for overall effect: Z = 3.15 (P = 0.002)

4.2.3 Discharge after 72h of resolution of fever

Mitchell 1997 58 94 71 92 33.3% 0.80[0.66, 0.97]
Subtotal (95% CI) 94 92  33.3% 0.80 [0.66 , 0.97] a
Total events: 58 71

Heterogeneity: Not applicable
Test for overall effect: Z = 2.26 (P = 0.02)

4.2.4 Discharge after 96h of resolution of fever

Maher 1994 31 109 58 107 29.2% 0.52[0.37, 0.74] -
Subtotal (95% CI) 109 107 29.2% 0.52[0.37, 0.74] ‘
Total events: 31 58

Heterogeneity: Not applicable
Test for overall effect: Z = 3.66 (P = 0.0002)

Total (95% CI) 419 375 100.0% 0.52[0.34, 0.81] 'S

Total events: 105 172

Heterogeneity: Tau? = 0.14; Chi2 = 16.49, df = 5 (P = 0.006); I2 = 70% ol o1 b 100
Test for overall effect: Z = 2.89 (P = 0.004) Favors CSF plus ATB Favors ATB alone

Test for subgroup differences: Chi? = 12.30, df = 3 (P = 0.006), I2 = 75.6%

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 52
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Analysis 4.3. Comparison 4: Subgroup analysis - Hospital discharge
criteria (fever resolution), Outcome 3: Duration of grade IV neutropenia

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
4.3.1 Discharge after 24 hours of resolution of fever
Ravaud 1998 3.2 1.75 34 4.2 2 34 11.2% -0.53 [-1.01, -0.04] .
Subtotal (95% CI) 34 34 11.2% -0.53 [-1.01, -0.04] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 2.13 (P = 0.03)
4.3.2 Discharge after 48 hours of resolution of fever
Biesma 1990 6.3 3.2 15 6.7 4.3 15 10.7% -0.10 [-0.82, 0.61] +
Garcia-Carbonero 2001 2 0.01 104 3 0.333 99  11.1% -4.28 [-4.79 , -3.78] -
Mayordomo 1995 (1) 2 1.25 39 5.75 3.75 21 11.0% -1.53 [-2.13, -0.93] -
Mayordomo 1995 (2) 2 1.25 39 5.75 3.75 22 11.0% -1.51[-2.10, -0.92] -
Subtotal (95% CI) 197 157  43.8% -1.87 [-3.66 , -0.07] ‘
Heterogeneity: Tau? = 3.25; Chi2 = 108.88, df = 3 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 2.04 (P = 0.04)
4.3.3 Discharge after 72 hours of resolution of fever
Mitchell 1997 3 0.5 94 5 0.833 92 11.2% -2.91[-3.32,-2.49] -
Riikonen 1994 4.5 3.5 28 8.58 5 30 11.1% -0.93 [-1.47,-0.38] -
Vellenga 1996 3 3.25 65 4 3.25 69  11.3% -0.31 [-0.65, 0.03] o
Subtotal (95% CI) 187 191  33.6% -1.38 [-3.04, 0.28] ‘
Heterogeneity: Tau? = 2.11; Chi? = 92.18, df = 2 (P < 0.00001); I2 = 98%
Test for overall effect: Z = 1.62 (P = 0.10)
4.3.4 Discharge after 96 hours of resolution of fever
Maher 1994 3.3 2 109 4.3 2.5 107 11.4% -0.44[-0.71,-0.17] o
Subtotal (95% CI) 109 107 11.4% -0.44 [-0.71,-0.17] ’
Heterogeneity: Not applicable
Test for overall effect: Z = 3.20 (P = 0.001)
Total (95% CI) 527 489 100.0% -1.39 [-2.29, -0.50] ‘
Heterogeneity: Tau2 = 1.82; Chi2 = 286.05, df = 8 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 3.04 (P = 0.002) ,1:0 _:5 :5 1:0
Test for subgroup differences: Chi? = 3.50, df = 3 (P = 0.32), I> = 14.2% Favors CSF plus ATB Favors ATB alone

Footnotes
(1) G-CSF
(2) GM-CSF
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Analysis 4.4. Comparison 4: Subgroup analysis - Hospital discharge

criteria (fever resolution), Outcome 4: Time to recovering from fever

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
4.4.1 Discharge after 24 hours of resolution of fever
Ravaud 1998 2 2 34 2 2.75 34 12.3% 0.00 [-0.48 , 0.48]
Subtotal (95% CI) 34 34 123% 0.00 [-0.48 , 0.48]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
4.4.2 Discharge after 48 hours of resolution of fever
Biesma 1990 29 3.6 12 24 2.5 12 7.4% 0.16 [-0.65, 0.96] JR S
Mayordomo 1995 (1) 2 1.5 39 4 2.5 22 10.9% -1.03 [-1.59, -0.47] —
Mayordomo 1995 (2) 1 2.75 39 4 2.5 21 10.6% -1.11 [-1.68, -0.54] —.
Subtotal (95% CI) 90 55 28.9% -0.72 [-1.41,-0.02] ‘
Heterogeneity: Tau? = 0.27; Chi? = 7.24, df = 2 (P = 0.03); 2 = 72%
Test for overall effect: Z = 2.02 (P = 0.04)
4.4.3 Discharge after 72 hours of resolution of fever
Mitchell 1997 2 3 94 3 5 92 15.9% -0.24 [-0.53, 0.05] .~
Riikonen 1994 2.1 1.25 28 2.3 2.25 30 11.6% -0.11 [-0.62, 0.41] —
Vellenga 1996 3 3.25 65 3 3.25 69 15.0% 0.00 [-0.34, 0.34] 4
Subtotal (95% CI) 187 191 425% -0.14 [-0.34, 0.07]
Heterogeneity: Tau? = 0.00; Chi2 = 1.15, df = 2 (P = 0.56); I = 0%
Test for overall effect: Z = 1.31 (P =0.19)
4.4.4 Discharge after 96 hours of resolution of fever
Maher 1994 3 3 109 3 4.667 107 16.4% 0.00 [-0.27, 0.27] -+
Subtotal (95% CI) 109 107 16.4% 0.00 [-0.27 , 0.27] *
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 420 387 100.0% -0.27 [-0.55, 0.01]
Heterogeneity: Tau? = 0.10; Chi2 = 23.54, df = 7 (P = 0.001); I2 = 70%
Test for overall effect: Z = 1.91 (P = 0.06) oD 1 0 1 2
Test for subgroup differences: Chi2 = 3.85, df = 3 (P = 0.28), 12 = 22.1% Favors CSF plus ATB Favors ATB alone
Footnotes
(1) GM-CSF
(2) G-CSF
Comparison 5. Subgroup analysis - Type of malignancy
Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size
tle pants
5.1 Patients with hospital- 7 1087 Risk Ratio (M-H, Random, 95% Cl) 0.65[0.44,0.95]
isation for greater than10
days
5.1.1 Mix 6 884 Risk Ratio (M-H, Random, 95% Cl) 0.58[0.39, 0.87]
5.1.2 Hematological malig- 1 203 Risk Ratio (M-H, Random, 95% CI) 1.17[0.81,1.70]
nancies
5.2 Time to neutrophil re- 5 794 Risk Ratio (M-H, Random, 95% Cl) 0.52[0.34,0.81]
covery
5.2.1 Mix 4 726 Risk Ratio (M-H, Random, 95% Cl) 0.48[0.26, 0.87]
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Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

5.2.2 Solid tumors 1 68 Risk Ratio (M-H, Random, 95% CI) 0.54[0.35, 0.84]

5.3 Duration of grade IV 9 1135 Std. Mean Difference (IV, Random, -1.70 [-2.65, -0.76]

neutropenia 95% Cl)

5.3.1 Mix 7 948 Std. Mean Difference (IV, Random, -1.50 [-2.50, -0.50]
95% Cl)

5.3.2 Hematological malig- 1 119 Std. Mean Difference (IV, Random, -4.55 [-5.24,-3.86]

nancies 95% Cl)

5.3.3 Solid tumors 1 68 Std. Mean Difference (IV, Random, -0.53[-1.01, -0.04]
95% Cl)

5.4 Time to recovering 9 966 Std. Mean Difference (IV, Random, -0.49[-0.90, -0.09]

from fever 95% Cl)

5.4.1 Mix 6 739 Std. Mean Difference (IV, Random, -0.31[-0.62, 0.00]
95% Cl)

5.4.2 Hematological malig- 2 159 Std. Mean Difference (IV, Random, -1.32[-2.53,-0.12]

nancies 95% Cl)

5.4.3 Solid tumors 1 68 Std. Mean Difference (IV, Random, 0.00 [-0.48, 0.48]
95% Cl)

5.5 Overall mortality 13 1335 Hazard Ratio (IV, Random, 95% Cl) 0.74[0.47, 1.16]

5.5.1 Mix 10 1108 Hazard Ratio (IV, Random, 95% Cl) 1.03[0.60, 1.75]

5.5.2 Hematological malig- 2 159 Hazard Ratio (IV, Random, 95% Cl) 0.32[0.13,0.78]

nancies

5.5.3 Solid tumors 1 68 Hazard Ratio (IV, Random, 95% Cl) 0.14[0.00, 6.82]

Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

55



c Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

Analysis 5.1. Comparison 5: Subgroup analysis - Type of malignancy,
Outcome 1: Patients with hospitalisation for greater than10 days

CSF plus ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
5.1.1 Mix
Anaissie 1996 18 50 26 50 16.4% 0.69[0.44 , 1.09] |
Garcia-Carbonero 2001 24 104 23 99  15.6% 0.99[0.60, 1.64] .
Maher 1994 30 109 52 107 17.9% 0.57[0.39, 0.81] -
Mayordomo 1995 2 39 8 22 5.2% 0.14[0.03, 0.61] [
Mayordomo 1995 1 39 7 21 3.0% 0.08[0.01, 0.58]
Mitchell 1997 17 94 18 92 14.0% 0.92[0.51, 1.68] .
Riikonen 1994 5 28 15 30 10.1% 0.36 [0.15, 0.85] —.
Subtotal (95% CI) 463 421 82.2% 0.58 [0.39, 0.87] ‘
Total events: 97 149

Heterogeneity: Tau? = 0.15; Chi2 = 15.17, df = 6 (P = 0.02); 12 = 60%
Test for overall effect: Z =2.67 (P = 0.008)

5.1.2 Hematological malignancies

Yoshida 1999 39 102 33 101 17.8% 1.17[0.81, 1.70] .
Subtotal (95% CI) 102 101 17.8% 1.17[0.81, 1.70] ’
Total events: 39 33
Heterogeneity: Not applicable
Test for overall effect: Z = 0.83 (P = 0.41)
Total (95% CI) 565 522 100.0% 0.65 [0.44, 0.95] ‘
Total events: 136 182
Heterogeneity: Tau? = 0.18; Chi2 = 22.50, df = 7 (P = 0.002); I2 = 69% ol o1 b 100
Test for overall effect: Z = 2.21 (P = 0.03) Favors CSF plus ATB Favors ATB alone
Test for subgroup differences: Chi2 = 6.29, df =1 (P = 0.01), I = 84.1%
Colony-stimulating factors for chemotherapy-induced febrile neutropenia (Review) 56
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Analysis 5.2. Comparison 5: Subgroup analysis - Type of malignancy, Outcome 2: Time to neutrophil recovery

CSF + ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
5.2.1 Mix
Garcia-Carbonero 2001 2 104 8 99 6.8% 0.24[0.05, 1.09] JE——
Maher 1994 31 109 58 107 29.2% 0.52[0.37,0.74] -
Mayordomo 1995 0 39 4 22 2.2% 0.06[0.00,1.13] ¢—u— |
Mayordomo 1995 0 39 5 21 2.2% 0.05[0.00,0.86] ¢—e—
Mitchell 1997 58 94 71 92 33.3% 0.80[0.66 , 0.97] m
Subtotal (95% CI) 385 341 73.8% 0.48 [0.26 , 0.87] ‘
Total events: 91 146
Heterogeneity: Tau? = 0.22; Chi? = 15.65, df = 4 (P = 0.004); I2 = 74%
Test for overall effect: Z = 2.40 (P = 0.02)
5.2.2 Solid tumors
Ravaud 1998 14 34 26 34 262% 0.54[0.35, 0.84] -
Subtotal (95% CI) 34 34 26.2% 0.54 [0.35, 0.84] ‘
Total events: 14 26
Heterogeneity: Not applicable
Test for overall effect: Z =2.74 (P = 0.006)
Total (95% CI) 419 375 100.0% 0.52[0.34, 0.81] ‘
Total events: 105 172
Heterogeneity: Tau? = 0.14; Chi2 = 16.49, df = 5 (P = 0.006); I2 = 70% ol o1 T 100
Test for overall effect: Z =2.89 (P = 0.004) Favors CSF plus ATB Favors ATB alone

Test for subgroup differences: Chi2 = 0.10, df = 1 (P = 0.75), I = 0%
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Analysis 5.3. Comparison 5: Subgroup analysis - Type of malignancy, Outcome 3: Duration of grade IV neutropenia

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
5.3.1 Mix
Biesma 1990 6.3 3.2 15 6.7 4.3 15 9.7% -0.10 [-0.82, 0.61] +
Garcia-Carbonero 2001 2 0.01 104 3 0.333 99  10.0% -4.28 [-4.79 , -3.78] -
Maher 1994 3.3 2 109 4.3 2.5 107 10.2% -0.44[-0.71,-0.17] o
Mayordomo 1995 (1) 2 1.25 39 5.75 3.75 21 9.9% -1.53[-2.13,-0.93] -
Mayordomo 1995 (2) 2 1.25 39 5.75 3.75 22 9.9% -1.51[-2.10, -0.92] -
Mitchell 1997 3 0.5 94 5 0.833 92 10.1% -2.91[-3.32,-2.49] -
Riikonen 1994 4.5 35 28 8.58 5 30 10.0% -0.93 [-1.47,-0.38] =
Vellenga 1996 3 3.25 65 4 3.25 69  10.2% -0.31 [-0.65, 0.03] o
Subtotal (95% CI) 493 455  80.2% -1.50 [-2.50 , -0.50] ‘

Heterogeneity: Tau2 = 2.01; Chi2 = 277.93, df = 7 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 2.95 (P = 0.003)

532 H logical malignancies
Aviles 1996 7.5 2 61 14.8 1 58 9.8% -4.55[-5.24 , -3.86] -
Subtotal (95% CI) 61 58 9.8% -4.55 [-5.24 , -3.86] ¢

Heterogeneity: Not applicable
Test for overall effect: Z = 12.94 (P < 0.00001)

5.3.3 Solid tumors
Ravaud 1998 3.2 1.75 34 4.2 2 34 10.1% -0.53 [-1.01, -0.04] |
Subtotal (95% CI) 34 34 101% -0.53 [-1.01, -0.04] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 2.13 (P = 0.03)

Total (95% CI) 588 547 100.0% -1.70 [-2.65 , -0.76] ‘
Heterogeneity: Tau2 = 2.26; Chi2 = 373.18, df = 9 (P < 0.00001); 12 = 98%
Test for overall effect: Z = 3.53 (P = 0.0004) 10 -5 5 10
Test for subgroup differences: Chi2 = 88.20, df = 2 (P < 0.00001), I = 97.7% Favors CSF plus ATB Favors ATB alone
Footnotes
(1) G-CSF
(2) GM-CSF
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Analysis 5.4. Comparison 5: Subgroup analysis - Type of malignancy, Outcome 4: Time to recovering from fever

CSF plus ATB ATB alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.4.1 Mix
Biesma 1990 29 3.6 12 24 2.5 12 8.1% 0.16 [-0.65, 0.96] —_—
Maher 1994 3 3 109 3 4.667 107 11.2% 0.00 [-0.27, 0.27] 4
Mayordomo 1995 (1) 1 2.75 39 4 25 21 9.6% -1.11 [-1.68 , -0.54] —
Mayordomo 1995 (2) 2 15 39 4 25 22 9.6% -1.03 [-1.59, -0.47] —
Mitchell 1997 2 3 94 3 5 92 11.1% -0.24 [-0.53, 0.05] =
Riikonen 1994 2.1 1.25 28 2.3 2.25 30 9.9% -0.11 [-0.62, 0.41] —
Vellenga 1996 3 3.25 65 3 3.25 69  10.9% 0.00 [-0.34, 0.34] —4—
Subtotal (95% CI) 386 353  70.4% -0.31 [-0.62, 0.00] ‘

Heterogeneity: Tau? = 0.12; Chi2 = 22.85, df = 6 (P = 0.0008); I2 = 74%
Test for overall effect: Z = 1.96 (P = 0.05)

5.4.2 Hematological malignancies
Aviles 1996 61 275 61 14 275 58 104%  -1.91[-2.35,-1.48] .

Lopez-Hernandez 2000 55 3 21 7.6 3 19 91%  -0.69[-1.33,-0.05] —_—
Subtotal (95% CI) 82 77 195%  -1.32[253,-0.12] s

Heterogeneity: Tau? = 0.68; Chi? = 9.66, df = 1 (P = 0.002); I = 90%
Test for overall effect: Z = 2.16 (P = 0.03)

5.4.3 Solid tumors
Ravaud 1998 2 2 34 2 2.75 34 10.1% 0.00 [-0.48 , 0.48] ——
Subtotal (95% CI) 34 34 101% 0.00 [-0.48 , 0.48] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% CI) 502 464 100.0% -0.49 [-0.90, -0.09] ‘
Heterogeneity: Tau? = 0.36; Chi? = 78.72, df = 9 (P < 0.00001); I = 89%
Test for overall effect: Z = 2.37 (P = 0.02) D 1 1 2
Test for subgroup differences: Chi2 = 4.25, df = 2 (P = 0.12), I2 = 52.9% Favors CSF plus ATB Favors ATB alone
Footnotes
(1) G-CSF
(2) GM-CSF
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Analysis 5.5. Comparison 5: Subgroup analysis - Type of malignancy, Outcome 5: Overall mortality

CSF plus ATB ATB alone Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.5.1 Mix
Anaissie 1996 0 0.84 50 50 7.6% 1.00[0.19, 5.19] R —
Arnberg 1998 2.08 2 14 15 1.3% 8.00[0.16 , 403.40] R
Biesma 1990 2.16 2 12 14 1.3% 8.67[0.17, 437.00] RN S
Garcia-Carbonero 2001 -0.05 0.65 104 99  12.6% 0.95[0.27, 3.40] R S
Maher 1994 -0.27 0.41 109 107  31.8% 0.76 [0.34, 1.71] — =
Mayordomo 1995 0 1.02 39 21 5.1% 1.00[0.14, 7.38] R U—
Mayordomo 1995 0.82 0.84 39 22 7.6% 2.27[0.44,11.78] R B
Mitchell 1997 0 0 94 92 Not estimable
Riikonen 1994 0 0 28 30 Not estimable
Rodriguez 2005 1.24 2 18 17 1.3% 3.46 [0.07, 174.15] >
Vellenga 1996 -0.62 1.16 65 69 4.0% 0.54[0.06, 5.23] R E—
Subtotal (95% CI) 572 536 72.7% 1.03 [0.60, 1.75] ‘

Heterogeneity: Tau? = 0.00; Chi2 = 4.30, df =8 (P = 0.83); 2= 0%
Test for overall effect: Z = 0.09 (P = 0.93)

5.5.2 H logical malignancies
Aviles 1996 -1.19 0.49 61 58 22.2% 0.30[0.12, 0.79] —
Lopez-Hernandez 2000 -0.82 119 21 19 3.8% 0.44[0.04, 4.54] .
Subtotal (95% CI) 82 77 26.0% 0.32[0.13, 0.78] <o

Heterogeneity: Tau? = 0.00; Chi2=0.08, df =1 (P =0.77); 2= 0%
Test for overall effect: Z =2.51 (P =0.01)

5.5.3 Solid tumors
Ravaud 1998 -2 2 34 34 1.3% 0.14[0.00, 6.82] ¢

¢

Subtotal (95% CI) 34 34 1.3% 0.14 [0.00, 6.82] ‘_

Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

Total (95% CI) 688 647 100.0% 0.74[0.47 , 1.16]

Heterogeneity: Tau? = 0.00; Chi2 = 9.96, df = 11 (P = 0.53); I2= 0% ﬂ

Test for overall effect: Z = 1.31 (P =0.19) 0.:01 Ofl 1 1:0 1(:)0
Test for subgroup differences: Chi? = 5.57, df = 2 (P = 0.06), 12 = 64.1% Favors CSF plus ATB Favors ATB alone

Comparison 6. Sensitivity analysis - Patients hospitalized for more than 10 days by allocation concealment and
blinding

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
6.1 Adequacy of allocation 7 1087 Risk Ratio (M-H, Random, 95% Cl) 0.65[0.44, 0.95]

concealment

6.1.1 Adequate allocation con- 4 726 Risk Ratio (M-H, Random, 95% Cl) 0.57[0.32, 1.00]
cealment

6.1.2 Inadequate allocation 3 361 Risk Ratio (M-H, Random, 95% Cl) 0.73[0.41, 1.31]
concealment

6.2 Blinding 7 1087 Risk Ratio (M-H, Random, 95% Cl) 0.65[0.44,0.95]
6.2.1 Blinded studies 3 460 Risk Ratio (M-H, Random, 95% Cl) 0.61[0.39,0.93]
6.2.2 Non-Blinded studies 4 627 Risk Ratio (M-H, Random, 95% Cl) 0.65[0.36, 1.16]
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Analysis 6.1. Comparison 6: Sensitivity analysis - Patients hospitalized for more than 10 days
by allocation concealment and blinding, Outcome 1: Adequacy of allocation concealment

CSF plus ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
6.1.1 Adequate allocation concealment
Garcia-Carbonero 2001 24 104 23 99 15.6% 0.99 [0.60, 1.64] .
Maher 1994 30 109 52 107 17.9% 0.57[0.39, 0.81] -
Mayordomo 1995 39 21 3.0% 0.08[0.01,0.58] —— .
Mayordomo 1995 2 39 22 5.2% 0.14[0.03, 0.61] .
Mitchell 1997 17 94 18 92 14.0% 0.92[0.51, 1.68] .
Subtotal (95% CI) 385 341  55.8% 0.57 [0.32, 1.00] ‘
Total events: 74 108
Heterogeneity: Tau? = 0.25; Chi2 = 13.22, df = 4 (P = 0.01); I = 70%
Test for overall effect: Z = 1.95 (P = 0.05)
6.1.2 Inadequate allocation concealment
Anaissie 1996 18 50 26 50 16.4% 0.69 [0.44, 1.09] =]
Riikonen 1994 5 28 15 30 10.1% 0.36 [0.15, 0.85] P
Yoshida 1999 39 102 33 101 17.8% 1.17[0.81, 1.70] .
Subtotal (95% CI) 180 181  44.2% 0.73[0.41, 1.31] ‘
Total events: 62 74
Heterogeneity: Tau? = 0.19; Chi? = 7.42, df = 2 (P = 0.02); 12 = 73%
Test for overall effect: Z = 1.04 (P = 0.30)
Total (95% CI) 565 522 100.0% 0.65 [0.44, 0.95] ‘
Total events: 136 182
Heterogeneity: Tau? = 0.18; Chi2 = 22.50, df = 7 (P = 0.002); I2 = 69% ol o1 b 100

Test for overall effect: Z = 2.21 (P = 0.03)

Test for subgroup differences: Chi2 = 0.38, df = 1 (P = 0.54), I* = 0%

Favors CSF plus ATB

Favors ATB alone
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Analysis 6.2. Comparison 6: Sensitivity analysis - Patients hospitalized for
more than 10 days by allocation concealment and blinding, Outcome 2: Blinding

CSF plus ATB ATB alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
6.2.1 Blinded studies
Maher 1994 30 109 52 107 17.9% 0.57[0.39, 0.81] -
Mitchell 1997 17 94 18 92 14.0% 0.92[0.51, 1.68] a4
Riikonen 1994 5 28 15 30 10.1% 0.36 [0.15, 0.85] —.
Subtotal (95% CI) 231 229  421% 0.61[0.39, 0.93] ‘
Total events: 52 85

Heterogeneity: Tau? = 0.06; Chi? = 3.47, df =2 (P = 0.18); I> = 42%
Test for overall effect: Z = 2.27 (P = 0.02)

6.2.2 Non-Blinded studies

Anaissie 1996 18 50 26 50 16.4% 0.69 [0.44 , 1.09] =

Garcia-Carbonero 2001 24 104 23 99 15.6% 0.99 [0.60, 1.64] .

Mayordomo 1995 2 39 8 22 5.2% 0.14[0.03, 0.61] [

Mayordomo 1995 1 39 7 21 3.0% 0.08[0.01,0.58] — .

Yoshida 1999 39 102 33 101 17.8% 1.17[0.81, 1.70] .

Subtotal (95% CI) 334 293 57.9% 0.65 [0.36 , 1.16] ‘

Total events: 84 97

Heterogeneity: Tau? = 0.27; Chi? = 15.56, df = 4 (P = 0.004); 12 = 74%

Test for overall effect: Z = 1.47 (P = 0.14)

Total (95% CI) 565 522 100.0% 0.65 [0.44 , 0.95] ‘

Total events: 136 182

Heterogeneity: Tau? = 0.18; Chi2 = 22.50, df = 7 (P = 0.002); I2 = 69% ol o1 b 100
Test for overall effect: Z = 2.21 (P = 0.03) Favors CSF plus ATB Favors ATB alone

Test for subgroup differences: Chi2 = 0.03, df = 1 (P = 0.86), I* = 0%

APPENDICES

Appendix 1. Search strategy CENTRAL
"CSF" AND febrile neutropenia

Appendix 2. Search strategy MEDLINE

To the methodological search strategy of each database we add the specific terms pertinent to this review (see below).
Search strategy:

#1 (Methodological search strategy)

# 2 explode COLONY-STIMULATING-FACTORS / all subheadings
#3 CSF

#4 #2 OR #3

#5 explode FEVER / all subheadings

#6 FEVER* OR FEBR*

#7 #5 OR #6

#8 #4 AND #7

#9 #1 AND #8

Appendix 3. Search strategy EMBASE
COLONY STIMULATING FACTORS AND febrile neutropenia

Appendix 4. Search strategy CANCERLIT
COLONY STIMULATING FACTORS AND febrile neutropenia
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Appendix 5. Search strategy LILACS

tw:(tw:( (tw:(colony stimulating factors)) AND neutropenia) AND (instance:"regional")) AND (instance:"regional")

Appendix 6. Search strategy SCI

COLONY STIMULATING FACTORS AND febrile neutropenia (Limits: content type: Journal)

Appendix 7. Economic evaluation search filter

. Economics/
. Economics, Dental/

. Economics, Medical/
. Economics, Nursing/

0o ~NOoO U WN B

. exp "costs and cost analysis"/

. exp economics, hospital/

. Economics, Pharmaceutical/
. (economic$ or cost or costs or costly or costing or price or prices or pricing or pharmacoeconomic$ or cost-effectiveness).ti,ab.

9. (expenditure$ not energy).ti,ab.

10. value for money.ti,ab.
11. budget$.ti,ab.

12. (fiscal or funding or financial or finance).tw.

13. (unit adj cost$).mp.
14. Ec.fs.
15.0r/1-14

16. ((energy or oxygen) adj cost).ti,ab.
17. (metabolic adj cost).ti,ab.
18. ((energy or oxygen) adj expenditure).ti,ab.

19. or/16-18

20.15no0t 19

21. letter.pt.

22. editorial.pt.

23. historical article.pt.
24. 0r/21-23

25.20 not 24

26. exp animals/ not humans/

27.25not 26

WHAT'S NEW

Date Event Description
5 January 2022 Amended No longer for update as any future update will require the devel-
opment of a new protocol reflecting current Cochrane method-
ological criteria.
HISTORY
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Review first published: Issue 3, 2003

Date Event Description

27 July 2016 Amended Brief Economic Commentary added.
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23 April 2013 New search has been performed Review text updated
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have not changed sions unchanged.
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