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A B S T R A C T

Background

Despite modern antimicrobials and supportive therapy bacterial and fungal infections are still major complications in people with
prolonged disease-related or treatment-related neutropenia. Transfusions of granulocytes have a long history of usage in clinical practice
to support and treat severe infection in high-risk groups of patients with neutropenia or neutrophil dysfunction. However, there is
considerable current variability in therapeutic granulocyte transfusion practice, and uncertainty about the beneficial eCect of transfusions
given as an adjunct to antibiotics on mortality. This is an update of a Cochrane review first published in 2005.

Objectives

To determine the eCectiveness and safety of granulocyte transfusions compared to no granulocyte transfusions as adjuncts to
antimicrobials for treating infections in people with neutropenia or disorders of neutrophil function aimed at reducing mortality and other
adverse outcomes related to infection.

Search methods

We searched for randomised controlled trials (RCTs) in the Cochrane Central Register of Controlled Trials (CENTRAL) (the Cochrane Library
2016, Issue 2). MEDLINE (from 1946), Embase (from 1974), CINAHL (from 1937), the Transfusion Evidence Library (from 1980) and ongoing
trial databases to 11 February 2016.

Selection criteria

RCTs comparing people with neutropenia or disorders of neutrophil dysfunction receiving granulocyte transfusions to treat infection with
a control group receiving no granulocyte transfusions. Neonates are the subject of another Cochrane review and were excluded from this
review. There was no restriction by outcomes examined, language or publication status.

Data collection and analysis

We used standard methodological procedures expected by the Cochrane Collaboration.

Granulocyte transfusions for treating infections in people with neutropenia or neutrophil dysfunction (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

1

mailto:lise.estcourt@nhsbt.nhs.uk
mailto:lise.estcourt@ndcls.ox.ac.uk
https://doi.org/10.1002%2F14651858.CD005339.pub2


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Main results

We identified 10 trials that met the inclusion criteria with a total of 587 participants. We also identified another ongoing trial. These trials
were conducted between 1975 and 2015. None of the studies included people with neutrophil dysfunction. The studies diCered in the
type of infections they included. Six studies included both children and adults, however data were not reported separately for children
and adults. The two newest studies gave granulocyte colony stimulating factor (G-CSF) to donors; both were stopped early due to lack of
recruitment. Three studies re-randomised participants and therefore quantitative analysis was unable to be performed.

Overall the quality of the evidence was very low to low across diCerent outcomes according to GRADE methodology. This was due to many
of the studies being at high risk of bias, and many of the outcomes being imprecise.

There may be no diCerence in all-cause mortality over 30 days between participants receiving therapeutic granulocyte transfusions and
those that did not (six studies; 321 participants; RR 0.75, 95% CI 0.54 to 1.04; very low-quality evidence). There were no diCerences between

the granulocyte dose subgroups (< 1 x 1010 per day versus ≥ 1 x 1010 per day) (test for subgroup diCerences P = 0.39). There was a diCerence
in all-cause mortality between the studies based on the age of the study (published before 2000 versus published 2000 or later) (test for
subgroup diCerences P = 0.03). There was no diCerence in all-cause mortality between participants receiving granulocyte transfusions and
those that did not in the newest study (one study; 111 participants; RR 1.10, 95% CI 0.70 to 1.73, low-quality evidence). There may be a
reduction in all-cause mortality in participants receiving granulocyte transfusions compared to those that did not in studies published
before the year 2000 (five studies; 210 participants; RR 0.53, 95% CI 0.33 to 0.85; low-quality evidence).

There may be no diCerence in clinical reversal of concurrent infection between participants receiving therapeutic granulocyte transfusions
and those that did not (five studies; 286 participants; RR 0.98, 95% CI 0.81 to 1.19; low-quality evidence).

There is insuCicient evidence to determine whether there is a diCerence in pulmonary serious adverse events (1 study; 24 participants; RR
0.85, 95% CI 0.38 to 1.88; very low-quality evidence).

None of the studies reported number of days on therapeutic antibiotics, number of adverse events requiring discontinuation of treatment,
or quality of life.

Six studies reported their funding sources and all were funded by governments or charities.

Authors' conclusions

In people who are neutropenic due to myelosuppressive chemotherapy or a haematopoietic stem cell transplant, there is insuCicient
evidence to determine whether granulocyte transfusions aCect all-cause mortality. To be able to detect a decrease in all-cause mortality
from 35% to 30% would require a study containing at least 2748 participants (80% power, 5% significance). There is low-grade evidence
that therapeutic granulocyte transfusions may not increase the number of participants with clinical resolution of an infection.

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

Transfusions of white blood cells to treat infections in people with low white blood cell counts or white blood cells that do not
function properly

Review question

We evaluated the evidence about whether white blood cell transfusions (also called granulocyte transfusions) given to treat infections
are safe and reduce the risk of death or severe outcomes due to infection. Our target population was people with a very low white count
(neutropenia) or white cells that did not function properly (neutrophil dysfunction).

Background

Functioning white blood cells are important for fighting life-threatening bacterial and fungal infections. For many years some hospital
physicians have given white blood cell transfusions to people with infections who have a low white blood count. The demand for white
blood cells for transfusion has shown a steady increase since the 1990s mainly as a result of the introduction of a drug called granulocyte
colony stimulating factor (G-CSF), which if given to donors, leads to increased white blood cell numbers in the donor's blood and the
collection of a larger dose of white blood cells than was previously possible.

Study Characteristics

The evidence is current to February 2016. In this update we identified 10 completed trials that compared giving white blood cell transfusions
to treat infection compared to not giving white blood cells to treat infection. One additional trial has not yet been completed. The 10 trials
containing a total of 587 participants were conducted between 1975 and 2015. The studies diCered in the type of infections they included.
Data from three trials were not included in the analyses because participants were included within the trial more than once. Six trials
included both children and adults, but results were not reported separately for children and adults. The two newest trials gave G-CSF to
donors, both were stopped early due to lack of recruitment. Six studies reported their funding sources and all were funded by governments
or charities.
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Key results

Giving white blood cell transfusions to treat infection may not aCect the risk of death or the number of people who recover from an infection.

It is unknown whether white blood cell transfusions increase the risk of having a serious adverse event.

None of the studies reported whether white blood cell transfusions reduced the number of days participants were on therapeutic
antibiotics, or whether white blood cell transfusions had an eCect on participants' quality of life.

Quality of the Evidence

The evidence for most of the findings are of low or very low quality. This was because the total number of participants included in this review
was too small to detect a diCerence in this review's primary outcome. We calculated that a study would need at least 2748 participants
to be able to detect a decrease in the risk of death from 35 people out of 100 to 30 people out of 100 (five additional lives saved per 100
people treated). Also participants and their doctors were likely to know which study arm they had been allocated to in all of the studies.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.

Therapeutic granulocytes compared with no granulocyte transfusions for treating infection in people with neutropenia or neutrophil dysfunction

Patient or population: treating infections in people with neutropenia or neutrophil dysfunction
Setting: Hospitals
Intervention: Therapeutic granulocyte transfusions
Comparison: No therapeutic granulocyte transfusions

Anticipated absolute effects* (95% CI)Outcomes

Risk with no thera-
peutic granulocyte
transfusions

Risk with Therapeutic
granulocyte transfusions

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study population

346 per 1000 259 per 1000
(187 to 360)

Moderate

Overall mortality
follow-up: 30 days

350 per 1000 262 per 1000
(189 to 364)

RR 0.75
(0.54 to 1.04)

321
(6 RCTs)

⊕⊝⊝⊝

VERY LOW 1 2
 

Study population

590 per 1000 578 per 1000
(478 to 702)

Moderate

Clinical response to infection

430 per 1000 421 per 1000
(348 to 512)

RR 0.98
(0.81 to 1.19)

286
(5 RCTs)

⊕⊕⊝⊝

LOW 3 4
 

Length of time with fever - not re-
ported

see comment see comment not estimable ( studies) -  

Number of days on therapeutic
antibiotics - not reported

see comment see comment not estimable ( studies) -  
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Study populationNumber of serious adverse
events - pulmonary

545 per 1000 464 per 1000

(207 to 1000)

RR 0.85

(0.38 to 1.88)

24
(1 RCT)

⊕⊝⊝⊝

VERY LOW 2 3
 

Number of adverse events re-
quiring discontinuation of treat-
ment - not reported

see comment see comment not estimable ( studies) -  

Quality of life - not reported see comment see comment not estimable ( studies) -  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 We downgraded the evidence by one because there was a diCerence in the eCect seen between the newer study (Price 2015) and the older studies.
2 We downgraded the evidence by two due to very serious imprecision in the estimate.
3 Owing to the nature of the intervention (granulocyte transfusion) and diCiculty blinding participants and physicians studies were likely to be at high risk of performance bias.
We downgraded the evidence by 1 for risk of bias.
4 We downgraded the evidence by one due to imprecision of the estimate.
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B A C K G R O U N D

Description of the condition

Functioning white blood cells (WBCs) are a vital component of the
defence system against infection in humans. There are a variety
of diCerent WBCs that work together and perform complementary
roles. Granulocytes are WBCs that contain granules that are visible
when viewed through a light microscope. Neutrophils, a subtype of
granulocytes are the most numerous circulating WBCs in healthy
adults. Granulocytes in general, and neutrophils in particular,
are crucial in protecting against bacterial and fungal infection. A
persisting reduction in neutrophil numbers is called neutropenia,
the severity of which has been classified by the World Health
Organization (WHO 1992): when the peripheral blood count is

below a level of 0.5 x 109/litre there is an increased risk of severe

infection (the normal neutrophil count ranges from 2 to 7.5 x 109/
litre in adults). Neutropenia usually occurs as a result of impaired
production of neutrophils and other blood cells in the bone
marrow. Diseases infiltrating the bone marrow such as leukaemias,
or drugs that are toxic to the bone marrow such as chemotherapy,
are typical reversible causes of neutropenia. Even if their number
of neutrophils is normal, people may suCer from a similar inability
to fight infections adequately if there is an impairment in the
function of their neutrophils. Some people are born with such
disorders, which may either be suspected from their family history
or demonstrated by laboratory testing (Kuijpers 1999) e.g. chronic
granulomatous disease.

Description of the intervention

Despite the use of specific and appropriate antibiotic and
antifungal drugs, infection in people with neutropenia is associated
with hospital admission, organ damage, and a significant number
of deaths (Klastersky 2001; Legrand 2012). The infusion of
granulocytes to prevent or treat infection in high-risk patients has
been part of clinical practice for over 40 years.

Granulocyte transfusion therapy has undergone several paradigm
shiFs. There was some preliminary evidence that granulocyte
transfusions were eCective in the context of clinical studies
conducted with the prevailing standards of clinical care 30 to 40
years ago, including the trials analysed in this review. However,
following this initial enthusiasm, concerns were raised about
eCicacy at the doses collected. More recent studies have suggested
that the eCicacy of granulocyte transfusions in neutropenic
patients may be proportional to the dose of granulocytes
transfused.

Uncertainty arising from the age of this clinical research is also
compounded by problems of clinical diversity, methodological
weaknesses and heterogeneity, all described in this review (see
below). In addition, none of these earlier studies reported
on quality control measures operating for blood components,
including granulocytes, and again, it is expected that current blood
products would be manufactured to a higher and more consistent
standard.

In 1961, granulocytes were selectively collected from the blood of
people with chronic myeloid leukaemia who had raised levels of
leukaemic WBCs, including neutrophils (Freireich 1964). Apheresis
(from the Greek 'to take away') was later developed and used for
increased eCiciency; this technique removes specific blood cells

or fluid from the donor or patient whilst the cells or fluid that
do not need to be removed are returned to the donor. Although
apheresis involves equipment, it does allow selective collection
of a larger dose of granulocytes than would be found in whole
blood, with the added advantage for the donor of minimal red
cell loss. In the early 1960s, granulocytes collected in this way
were transfused into people with severe neutropenia that was not
responsive to antibiotics (Freireich 1964). There are a number of
diCerent methods for collecting granulocytes for transfusion in
humans.

Unstimulated apheresis collection of granulocytes

There are a number of technical problems that make it diCicult
to collect consistently adequate granulocyte doses for transfusion.
Granulocytes are diCicult to separate from other blood cells, even
if this has been facilitated by commercially available long-chain
starch solutions (sedimenting agents) such as hetastarch and
pentastarch. Also, normal donors do not have very high levels of
circulating granulocytes in the peripheral blood, and as a result are
able only to donate suCicient doses of granulocytes for very small

children. Doses of less than 1 x 1010 granulocytes per m2 of body
surface area are not associated with either a significant rise in the
recipient's neutrophil count or a clinical response to established
infection (Engelfriet 2000; Vamvakas 1996).

Stimulated apheresis collection of granulocytes

More recently, there has been a further resurgence of interest
in granulocyte transfusions, reflecting recognition that higher
doses of granulocytes could be collected for transfusion, by
priming donors with steroids or granulocyte colony stimulating
factor (G-CSF), or both, to increase the circulating white cell
count prior to apheresis (Dale 2000). In the early 1990s growth
factors that stimulate the bone marrow to produce more WBCs
(particularly granulocytes) became available for therapeutic use
(Dale 2000; Engelfriet 2000; Hubel 2001; Robinson 2004; Strauss
1995). These drugs allowed high peripheral blood white cell counts
to be achieved in healthy donors. The most commonly used
growth factor is G-CSF. Steroids can also increase the white cell
count, by both increasing marrow release of granulocytes and
decreasing eClux from peripheral blood, but steroids alone are
not as eCective as G-CSF. The use of a single injection of G-CSF
alone or combined with a single oral dose of steroids has enabled
the collection of significantly greater yields of granulocytes by
apheresis. Using this method, adequate doses of granulocytes
can be produced for larger children and adults. However, the
general clinical utility of transfusion therapy has also been
compromised logistically by the inability to store granulocyte
products in a manner which preserves much of their function
(Strauss 2003). These developments have occurred in conjunction
with advances in the overall standards of supportive care given
to people undergoing treatment for haematological malignancies
and stem cell transplantation, including the diagnostic strategies
for infection and the therapeutic armamentarium of anti-microbial
drugs (Dellinger 2013; NICE 2012).

The exposure of a healthy volunteer donor to any form of
medication with potential side eCects does, however, present
ethical and safety issues. Most side eCects related to G-CSF are
short term (Bux 2003; de la Rubia 2008; Hölig 2013). Repeated
doses of G-CSF have been reported to cause thrombosis, possibly
as a result of the increased level of white cells in the blood (Hölig
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2013). Cases of splenic rupture following repeated doses of G-
CSF have been reported among the more severe adverse events
(Gutierrez 2001; Hölig 2013). Any drug can also cause allergic
type reactions, including anaphylactoid reactions (Gutierrez 2001).
The bone marrow expansion that occurs as a result of G-CSF
stimulation commonly leads to bone pain and flu-like symptoms
(Hölig 2013). Theoretical concerns regarding the long-term eCects
of G-CSF on the donor's bone marrow cells remain, although there
is increasing evidence that prolonged repeated administration of G-
CSF to children and adults as therapy does not increase their risk of
bone marrow disorders (de la Rubia 2008; Hölig 2013).

Due to the potential risks of G-CSF, in England G-CSF cannot be
administered to healthy donors who are not giving a directed
granulocyte donation. A small number of donations are also
collected from relatives and friends of patients following the
administration of G-CSF and the steroid dexamethasone (Hubel
2002).

Pooled granulocytes

Granulocytes derived from whole blood donations (pooled buCy
coat granulocytes) (Bashir 2008; Massey 2012) are provided in
England. These provide granulocyte doses at least comparable to
the higher doses recorded in the randomised trials identified in this
review. The risks of clinical sequelae due to alloimmunisation aFer
multiple-donor rather than single-donor granulocyte transfusions
need to be assessed fully. In one small study alloimmunisation
occurred in 10% (3/30) of participants receiving granulocytes in
additive solution and plasma (GASP) (Massey 2012).

How the intervention might work

Clinical experience and data from animal studies suggest that
control of infection in neutropenic patients requires recovery
of bone marrow neutrophil production (Dale 1976). The first
documented attempt to reverse neutropenia using granulocyte
transfusions was during the 1930s (Strumia 1934). Twenty years
later, Brecher and colleagues gave granulocyte transfusions to
neutropenic dogs, in which they showed that the transfused cells
migrated to the areas of infection (Brecher 1953). There is an
obvious rationale for this intervention, in that the major risk factor
for severe infection in such patients is neutropenia: transfusions
of granulocytes is then a logical way of correcting the deficit of
granulocytes.

Adverse events such as febrile reactions, occasional severe
pulmonary complications with hypoxia and hypotension, and HLA
(human leucocyte antigen) alloimmunisation (immune-mediated
mechanisms potentially complicating other transfusions) are well
recognised complications of granulocyte transfusions.

Although there is limited evidence from laboratory testing that
donated granulocytes are functional (Bashir 2003; Bashir 2008),
published controlled trials have reported very conflicting results
of clinical eCect. A number of these issues have been raised
in previous systematic reviews (Kadri 2015; Stanworth 2005;
Vamvakas 1996; Vamvakas 1997).

A final consideration for any new trials of granulocyte transfusion
must be a better understanding of methods to preserve functional
activity of granulocytes aFer collection, since the current utility of
granulocyte transfusion therapy is also limited by concerns about
storage and loss of function (Bashir 2003; Strauss 2003).

Why it is important to do this review

This systematic review aimed to assess the eCectiveness and safety
of therapeutic granulocyte transfusions in people with neutropenia
or neutrophil dysfunction. We are uncertain whether granulocyte
transfusions as part of a strategy to treat infection in neutropenic
people are more eCective at treating infections than antibiotic or
antifungal agents alone. If eCective, we are uncertain of the harms
associated with granulocyte transfusions. Previous Cochrane
reviews have been performed with specific reference to neonatal
practice and prophylactic granulocyte transfusions (Estcourt 2015;
Pammi 2011). This systematic review would therefore complement
the previous Cochrane reviews. This is an update of a previous
Cochrane review (Stanworth 2005).

O B J E C T I V E S

To determine the eCectiveness and safety of granulocyte
transfusions compared to no granulocyte transfusions as adjuncts
to antimicrobials for treating infections in patients with
neutropenia or disorders of neutrophil function aimed at reducing
mortality and other adverse outcomes related to infection.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs). There were no
restrictions on language or publication status.

This review has not included studies whose method of allocation
was undertaken on the basis of donor availability, since the
control group in these studies would be expected to contain older
individuals without siblings or who were already alloimmunised
- i.e. baseline equivalence between the two groups would not be
anticipated. It was also considered that the inclusion of these
reports would not have aCected the main clinical conclusions
drawn from the analysis of the strictly randomised trials.

Types of participants

Patients with neutropenia (whether due to treatment or disease, or
whether reversible or irreversible, were considered) and infection.
We also considered patients with inherited disorders of neutrophil
dysfunction and infection.

We excluded granulocyte transfusion studies of neonates with
sepsis, and granulocyte transfusions to prevent severe infections
because these are the focus of separate Cochrane reviews (Estcourt
2015; Pammi 2011).

Types of interventions

Intervention

• Granulocyte transfusions

We included all sources of granulocytes by diCerent methods of
collection. Granulocyte transfusions would be given for therapeutic
indications to treat severe infection refractory to antimicrobial
therapy, and not as (secondary) prophylaxis to prevent recurrence
of previous severe infections. It is expected that granulocyte
transfusions would always be given as an adjunct to antibiotics and
antimicrobials, and not as a separate intervention on its own.

Granulocyte transfusions for treating infections in people with neutropenia or neutrophil dysfunction (Review)
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Control

• No granulocyte transfusions

Types of outcome measures

Primary outcomes

Death (from all causes) up to 30 days from the start of the study.

Secondary outcomes

• Clinical reversal of concurrent infection (whether systemic or at
specific loci) (as defined by the individual studies and includes
both complete resolution or partial resolution of infection)

• Length of time with fever

• Days on antimicrobials (at treatment doses)

• Increment of neutrophil count and duration of neutropenia
reversal aFer transfusion (neutropenia defined as count below

0.5 x 109/litre)

• Adverse events

• Serious adverse events: resulting in death or life-threatening
illness, requiring or prolonging hospitalisation, or resulting in
persistent or significant disability/incapacity

• Adverse events requiring discontinuation of treatment

• Other adverse events e.g. flu-like symptoms, bone pain (see
Background)

It is acknowledged that the frequency of potentially important
long-term side eCects may not be adequately captured by
information in (small) RCTs.

Search methods for identification of studies

The Systematic Review Initiative Information Specialist (CD)
formulated updated search strategies in collaboration with the
Cochrane Infectious Diseases Group based on those used in the
previous version of this review (Stanworth 2005).

Electronic searches

We searched for randomised controlled trials in the following
databases:

• CENTRAL (the Cochrane Library 2016, Issue 2) (Appendix 1)

• MEDLINE (Ovid, 1946 to 11 February 2016) (Appendix 2)

• EMBASE (Ovid, 1974 to 11 February 2016) (Appendix 3)

• CINAHL (EBSCOhost, 1937 to 11 February 2016) (Appendix 4)

• LILACS (BIREME/PAHO/WHO, 1982 to 11 February 2016)
(Appendix 5)

• KoreaMed (KAMJE, 1997 to 11 February 2016) (Appendix 6)

• PakMediNet (2001 to 11 February 2016) (Appendix 6)

• IndMed (ICMR-NIC, 1986 to 11 February 2016) (Appendix 7)

• Transfusion Evidence Library
(www.transfusionevidencelibrary.com) (1980 to 11 February
2016) (Appendix 8)

We updated the searches performed in 2003 and October 2008
(Stanworth 2005). Searches in MEDLINE, EMBASE and CINAHL were
combined with adaptations of the Cochrane RCT search filters,
as detailed in the Cochrane Handbook for Systematic Reviews of
Interventions (Lefebvre 2011).

Databases of ongoing trials

We also searched ClinicalTrials.gov (http://clinicaltrials.gov/ct2/
search) (Appendix 9), the WHO International Clinical Trials
Registry (ICTRP) (http://apps.who.int/trialsearch/) (Appendix 9),
and the ISRCTN Register (http://www.controlled-trials.com/isrctn/)
(Appendix 10), in order to identify ongoing trials on 11 February
2016.

All new search strategies are presented as indicated in Appendices
1-10. Search strategies for the original (2003 and 2008) searches are
presented in Appendix 11.

Searching other resources

We augmented database searching with the following:

Handsearching of reference lists

We checked references of all included trials, relevant review articles
and current treatment guidelines for further literature. Theses
searches were limited to the 'first generation' reference lists.

Personal contacts

We contacted authors of relevant studies, study groups and experts
worldwide known to be active in the field for unpublished material
or further information on ongoing studies.

Data collection and analysis

Selection of studies

We updated the selection of studies from that performed for the
previous version of this review (Stanworth 2005).

One review author (CD) excluded all duplicates and studies that
were clearly irrelevant (e.g. non-human) that had been identified
by the review search strategy. Two review authors (LE, SS)
then independently screened all remaining electronically-derived
citations and abstracts of papers identified by the review search
strategy for relevance. We excluded studies that were clearly
irrelevant at this stage based on a review of the abstract. Two review
authors (LE, SS) independently formally assessed the full texts of all
potentially-relevant trials for eligibility against the criteria outlined
above. All disagreements were resolved by discussion without the
need for a third review author (SS). We sought further information
from study authors if the article contained insuCicient data to make
a decision about eligibility. A study eligibility form was designed
for trials of granulocyte transfusion to help in the assessment of
relevance, which included ascertaining whether the participants
were neonates, and whether the two groups could be defined in
the trial on the basis of a therapeutic-only versus prophylactic
granulocyte transfusion strategy. We recorded the reasons why
potentially-relevant studies failed to meet the eligibility criteria.

Data extraction and management

We updated the data extraction from that performed for the
previous version of this review (Stanworth 2005). This included data
extraction for all new studies that have been included since the
previous review and an updated 'Risk of bias' assessment for all
included studies.

Two review authors (LE, SS) conducted the data
extraction according to the guidelines proposed by the
Cochrane Collaboration (Higgins 2011a). We resolved potential
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disagreements between the review authors by consensus. The
review authors were not blinded to names of authors, institutions,
journals, or the outcomes of the trials. Due to minor changes in the
format the data extraction forms were piloted on a further study,
thereaFer the two authors (LE, SS) extracted data independently for
all the studies. The following data were extracted.

General information

Review author's name, date of data extraction, study ID, first author
of study, author's contact address (if available), citation of paper,
objectives of the trial.

Trial details

Trial design, location, setting, sample size, power calculation,
treatment allocation, inclusion and exclusion criteria, reasons
for exclusion, comparability of groups, length of follow-up,
stratification, stopping rules described, statistical analysis, results,
conclusion, and funding.

Characteristics of participants

Age, gender, ethnicity, total number recruited, total number
randomised, total number analysed, types of underlying disease,
lost to follow-up numbers, dropouts (percentage in each arm)
with reasons, protocol violations, previous treatments, current
treatment, prognostic factors.

Interventions

Experimental and control interventions, method of preparation
and source of granulocytes for transfusion, timing of intervention,
dosage of granulocyte given, compliance to interventions, any
diCerences between interventions, the use of colony-stimulating
factors in recipients, particularly G-CSF, and the use of therapeutic
antibiotics and antifungals.

Assessment of bias

Sequence generation, allocation concealment, blinding
(participants, personnel, and outcome assessors), incomplete
outcome data, selective outcome reporting, other sources of bias.

Outcomes measured

Death (from all causes), clinical reversal of concurrent infections
(whether systemic or at specific loci), length of time with fever, days
on antimicrobials (at treatment doses), increment of neutrophil
count and duration of neutropenia reversal aFer transfusion

(neutropenia defined as count below 0.5 x 109/litre). Adverse
events including: serious adverse events resulting in death or
life-threatening illness, requiring or prolonging hospitalisation, or
resulting in persistent or significant disability/incapacity; adverse
events requiring discontinuation of treatment; other adverse
events e.g. flu-like symptoms, bone pain (see Background).

Both full-text versions and abstracts were used to retrieve the
data. Publications reporting on more than one trial were extracted
using one data extraction form for each trial. Trials reported in
more than one publication were extracted on one form only. Where
these sources did not provide suCicient information, we contacted
authors and study groups for additional details.

Data entry into the soFware Review Manager 5.3 was done by one
review author (LE) and checked for accuracy by a second review
author (SS).

Assessment of risk of bias in included studies

We updated the 'Risk of bias' assessment from that performed for
the previous version of this review (Stanworth 2005).

Two review authors (LE, SS) assessed all included studies for
possible risk of bias (as described in Chapter 8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011c).
The assessment included information about the design, conduct
and analysis of the trial. Each criterion was evaluated on a three-
point scale: low risk of bias, high risk of bias, or unclear. The 'Risk of
bias' assessment tool includes the following domains.

• Selection bias: random sequence generation and allocation
concealment.

• Performance bias: blinding of participants and personnel.

• Detection bias: blinding of outcome assessment.

• Attrition bias: incomplete outcome data.

• Reporting bias: selective reporting.

• Other bias.

Measures of treatment e:ect

For dichotomous outcomes, we recorded the number of events and
the total number of participants in both the treatment and control
groups and we estimated the treatment eCect measures across
individual studies as the relative eCect measures (risk ratio (RR)
with 95% confidence intervals (CIs)). For dichotomous outcomes
we reported the pooled RR with 95% CIs. Where the number of
observed events was small (< 5% of sample per group), and where
trials had balanced treatment groups, we planned to report the
Peto’s Odds Ratio (OR) with 95% CI (Deeks 2011).

For continuous outcomes we planned to record the mean and
standard deviations, and total number of participants in both the
treatment and control groups. For continuous outcomes measured
using the same scale, we planned to report the eCect measure
mean diCerence (MD) with 95% CIs, or the standardised mean
diCerence (SMD) for outcomes measured using diCerent scales.

For time-to-event outcomes we planned to extract the hazard ratio
(HR) from published data according to Parmar 1998 and Tierney
2007. However, no time-to-event data were reported.

If data allowed, we undertook quantitative assessments using
Review Manager 5 (Review Manager 5.3).

If the data available could not be reported in any of the formats
described above a narrative report was performed.

Unit of analysis issues

We did not pre-specify in the protocol how we would deal with
unit of analysis issues. There were several unit of analysis issues
within the included trials. Three trials re-randomised participants
or analysed the number of febrile episodes rather than the
participants and were not included in the quantitative analysis
(Alavi 1977; Herzig 1977; Seidel 2008a).

Granulocyte transfusions for treating infections in people with neutropenia or neutrophil dysfunction (Review)
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In Alavi 1977, participants had more than one febrile episode
included in the analysis. Thirty-two people were randomised; data
from 31 participants were analysed for a total of 62 febrile episodes.

Participants were re-randomised in one study (Herzig 1977); 27
participants were randomised to the study. Three participants were
re-randomised three, eight and 12 months aFer the first episode (all
the re-randomisations were to the granulocyte transfusion group,
two participants had previously been in the control group).

In Seidel 2008a, 74 participants were randomised within 79
infectious episodes.

Dealing with missing data

We dealt with missing data according to the recommendations
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011b). We contacted authors in order to obtain
information that was missing or unclear in the published report. We
contacted the authors of the Seidel 2008a study who have agreed
to provide additional data, but this will require further statistical
analysis.

Within an outcome, the preferred analysis was an intention-to-treat
analysis (ITT). Where data were missing, the number of patients lost
to follow-up was recorded for each trial.

Assessment of heterogeneity

If studies were considered suCiciently homogenous in their study
design, we conducted a meta-analysis and assessed the statistical
heterogeneity (Deeks 2011). We assessed statistical heterogeneity

of treatment eCects between trials using a Chi2 test with a

significance level at P < 0.1. We used the I2 statistic to quantify

possible heterogeneity (I2 > 50% moderate heterogeneity, I2 >
80% considerable heterogeneity). We explored potential causes of
heterogeneity by sensitivity and subgroup analyses if possible.

Assessment of reporting biases

We did not perform a formal assessment of potential publication
bias (small-trial bias) by generating a funnel plot and statistically
by using a linear regression test (Sterne 2011) as no meta-analysis
contained 10 or more studies.

Data synthesis

We performed analyses according to the recommendations of the
Cochrane Collaboration (Deeks 2011). We used aggregated data
for analysis. For statistical analysis, we entered data into Review
Manager 5.3.

Where meta-analysis was feasible, we used the fixed-eCect model
for pooling the data. We used the Mantel-Haenszel method for
dichotomous outcomes. We planned to use the inverse variance
method for continuous outcomes. Even in the absence of statistical
heterogeneity, we explored the robustness of any summary
measures, particularly with respect to study methodological
quality.

We planned to use the random-eCects model for sensitivity
analyses as part of the exploration of heterogeneity. However, none
of the analyses performed reported heterogeneity, as expressed

by an I2 above 50%, therefore only the fixed-eCect model was
reported.

Summary of Findings

We used GRADE to build a 'Summary of findings' table as
recommended in the Cochrane Handbook for Systematic Reviews of
Interventions (Schünemann 2011) including the following domains.

1. All-cause mortality

2. Clinical reversal of concurrent infection

3. Length of time with fever

4. Number of days on therapeutic antibiotics

5. Number of serious adverse events

6. Number of adverse events requiring discontinuation of
treatment

7. Quality of life

A GRADE assessment had not been pre-specified in the protocol.

Subgroup analysis and investigation of heterogeneity

It was intended that the granulocyte dose, other donor-related
factors (e.g. type or source of granulocyte preparation such as
whether community or related), and HLA incompatibility would be
examined as a subgroup eCect. In the event, there was insuCicient
information to make this very meaningful, reflecting the limitations
of study numbers and their quality (see Results).

Three subgroup analyses were pre-specified in the previous version
of this review (Stanworth 2005). These were:

• granulocyte dose;

• other donor-related factors (e.g. type or source of granulocyte
preparation such as whether community or related);

• HLA incompatibility.

We performed a subgroup analysis on granulocyte dose, classifying

studies in to low dose (mean granulocyte dose less than 1 x 1010

per day for an adult patient) and standard dose (mean granulocyte

dose at least 1 x 1010 4 x 1010 per day for an adult patient).

DiCerences between subgroups were commented on narratIvely.

We were unable to perform subgroup analyses for other donor-
related factors or HLA incompatibility due to lack of data.

Investigation of heterogeneity between studies also included, if
appropriate, age of the study (as the treatment of neutropenic
patients has changed over the last 40 years).

Sensitivity analysis

We intend to assess the robustness of our findings by the following
two sensitivity analyses:

• Including only those trials at low risk of bias

• Including only those trials in which 20% participants or less were
lost to follow-up.

A sensitivity analysis including only those studies at low risk of bias
was not performed because none of the studies were at low risk of
bias. A sensitivity analysis including only those in which less than
20% participants were lost to follow-up was not performed because
all studies had less than 20% participants lost to follow-up.

Granulocyte transfusions for treating infections in people with neutropenia or neutrophil dysfunction (Review)
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R E S U L T S

Description of studies

See Characteristics of included studies; Characteristics of excluded
studies; and Characteristics of ongoing studies.

Results of the search

See PRISMA Flow Diagram Figure 1.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
The original systematic review search (conducted May 2003)
identified 59 studies which appeared potentially relevant on
the basis of the their full text or abstract. One review author
performed the initial screening of abstracts. Two reviewers (EM,
SS) independently assessed the 59 full-text articles for inclusion or
exclusion on the basis of the full text of abstract or paper using the
stated criteria.

The updated search (conducted 11 February 2016) identified a total
of 3173 potentially relevant records. There were 2108 records aFer
duplicates were removed. Any two out of four reviewers (LE, CD, PB,
SS) excluded 2086 records on the basis of the abstract.

The previous systematic review (Stanworth 2005) identified 11
potentially relevant trials that compared therapeutic granulocyte
transfusions to no granulocyte transfusions, eight completed
trials (Alavi 1977; Bow 1984; Herzig 1977; Higby 1975; Klastersky
1983; Scali 1978; Vogler 1977; Winston 1982a) one ongoing trial
(Seidel 2008a), which is now included, and two studies awaiting
classification (Adkins 1999; Blum 2001), which are now excluded.

This updated search identified two additional studies (Price 2015;
DRKS00000218).

In total 11 studies were assessed and deemed eligible for inclusion
(Alavi 1977; Bow 1984; DRKS00000218; Herzig 1977; Higby 1975;
Klastersky 1983; Price 2015; Scali 1978; Seidel 2008a; Vogler 1977;
Winston 1982a), however the DRKS00000218 study is still ongoing.

Included studies

See Characteristics of included studies and Characteristics of
ongoing studies for full details of each study. Ten completed studies
were eligible for inclusion in this review (Alavi 1977; Bow 1984;
Herzig 1977; Higby 1975; Klastersky 1983; Price 2015; Scali 1978;
Seidel 2008a; Vogler 1977; Winston 1982a).

Studies contributing to the main outcome

See Characteristics of included studies for full details of each study.

Study Design

There was one single-centre parallel RCT (Winston 1982a), four
multi-centre parallel RCTs (Klastersky 1983; Price 2015; Seidel
2008a; Vogler 1977) and five parallel RCTs where the numbers of
centres were unclear (Alavi 1977; Bow 1984; Herzig 1977; Higby
1975; Scali 1978).

Study Size

The number of participants enrolled in all the studies was small,
ranging between 24 and 97 participants analysed. Only three
studies recruited more than 50 participants (Price 2015; Seidel
2008a; Winston 1982a). These three studies presented information
on sample sizes required to power the trial around a main outcome
(Price 2015; Seidel 2008a; Winston 1982a). Two of the three studies
performed prospective sample size calculations (Price 2015; Seidel
2008a); both studies were stopped early due to lack of recruitment.
In the other study it was unclear when the sample size calculation
was performed (Winston 1982a).

Setting

The 10 RCTs were published between 1975 and 2015. Six were
conducted in the USA (Alavi 1977; Herzig 1977; Higby 1975; Price
2015; Vogler 1977; Winston 1982a), one in Canada (Bow 1984), one
in Switzerland (Scali 1978, paper translated from German), one
in Germany (Seidel 2008a) and one European multi-centred study
(Klastersky 1983). All studies were parallel RCTs and compared
two groups of participants, one of which received granulocyte
transfusions, the other no granulocyte transfusions.

Participants

In total, 587 participants were randomised, of these 471 were
included in the analyses.

The study populations varied between the 10 trials. No trials
enrolled patients with congenital disorders of neutrophil function
or production. In all but one study (Herzig 1977), the majority of
enrolled participants had acute myeloid leukaemia. The enrolled
population in Herzig 1977 was predominantly acute lymphoblastic
leukaemia. Six studies included children (Alavi 1977; Herzig 1977;
Price 2015; Seidel 2008a; Vogler 1977; Winston 1982a). However, the
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number of children included in these studies was small because
only one study had a median or mean age of study participants
below 30 (Herzig 1977 median 15 years granulocyte transfusion
group; 18 years control group). Only one study reported whether
the participant's haematological disease was relapsed or refractory
(Winston 1982a 13/48 participants granulocyte transfusion group;
11/47 participants control group). Four studies reported the type of
treatment the participants were receiving for their haematological
malignancy (Higby 1975; Price 2015; Scali 1978; Seidel 2008a).
Two studies included participants receiving chemotherapy (Higby
1975; Scali 1978), two studies included participants receiving
haematopoietic stem cell transplants (HSCT) or chemotherapy
(Price 2015; Seidel 2008a). In Price 2015, the majority of participants
(75%) were receiving chemotherapy and in Seidel 2008a, the
majority of participants (53%) were receiving HSCT.

Intervention

Average dose and range

The mean (or median) dose of granulocytes transfused varied by
a factor of 10, or one order of magnitude between studies (Table

1). The doses in the studies were, in ascending order, 0.5 x 1010

(median, Winston 1982a), 0.87 x 1010 (mean, Bow 1984), 0.4 or 1.7

x 1010/m2 (medians for two methods of collection, Herzig 1977), to

exceed 1 x 1010/m2 (Klastersky 1983), 2.7 x 1010 (average, Vogler

1977), 2.9 x 1010 (average, Scali 1978), 3.7 x 1010 (average, Higby

1975), 4.6 x 1010 (median Seidel 2008a), 5 x 1010 (average, Alavi

1977), and 5.5 x 1010 (median Price 2015). Average doses of less than

1.0 x 1010 as reported in three studies would be considered low by
contemporary standards (Bow 1984; Herzig 1977; Winston 1982a).

Schedule for transfusion

DiCerent policies applied to the starting criteria for granulocyte
transfusions (Table 1). In five studies granulocyte transfusions were
administered aFer a period of observation post the onset of fever
(ranging from 24 to 72 hours), in order to assess clinical response to
antibiotics (Alavi 1977; Bow 1984; Higby 1975; Klastersky 1983; Scali
1978). In four studies granulocyte transfusions were administered
within 24 to 72 hours from a positive culture result (Herzig 1977;
Price 2015; Vogler 1977; Winston 1982a). One study did not report
the time-frame (Seidel 2008a).

Seven studies planned to give daily granulocyte transfusions (Alavi
1977; Herzig 1977; Higby 1975; Klastersky 1983; Price 2015; Scali
1978; Winston 1982a). Two studies planned to give granulocyte
transfusions at least every other day (Seidel 2008a; Vogler 1977),
and one study did not report the frequency (Bow 1984).

Three studies had fixed time-frames over which granulocyte
transfusions were to be given (Higby 1975; Klastersky 1983; Vogler
1977), two studies stopped aFer four daily transfusions (Higby 1975;
Klastersky 1983), and one study stopped aFer participants were
given four or more transfusions within eight days (Vogler 1977).

Five studies had variable planned durations of administering
granulocyte transfusion (Alavi 1977; Herzig 1977; Price 2015;
Seidel 2008a; Winston 1982a). Three studies planned to stop
administering granulocyte transfusions aFer the infection had
resolved or there was evidence of neutrophil recovery (Herzig 1977;
Price 2015; Winston 1982a), one study planned to stop when the
infection had resolved (Alavi 1977), and one study planned to stop
when there was evidence of neutrophil recovery (Seidel 2008a).

Two studies did not report their plan for stopping granulocyte
transfusions (Bow 1984; Scali 1978), the average duration of
granulocyte transfusions were 2.7 days in Scali 1978 and 6.4 days
in Bow 1984. Overall, some studies described short durations of
infusions, which currently would not be considered adequate.

Method of collection of granulocytes

The method of procurement of granulocytes varied between trials
(Table 1). Granulocytes were collected by filtration leukapheresis
in three studies ( Alavi 1977; Herzig 1977; Higby 1975), by
discontinuous flow centrifugation in two studies (Bow 1984;
Winston 1982a), and by continuous flow centrifugation in five
studies (Herzig 1977; Price 2015; Scali 1978; Seidel 2008a; Vogler
1977). The method was not defined in one study (Klastersky 1983).
Filtration leukapheresis is rarely used now, as despite high yields
there are concerns about toxicity to both the donor and recipient,
in addition to evidence of poor increments and functionality of the
transfused granulocytes (Strauss 2003).

Pre-medication of donors

Steroid pre-medication of donors (dexamethasone or
hydrocortisone) was reported in four studies (Alavi 1977; Bow
1984; Higby 1975; Price 2015). Only two studies administered
steroids more than six hours prior to donation (Bow 1984; Price
2015), a shorter duration would not be expected to enhance
granulocyte yield. Granulocyte colony stimulating factor (G-CSF)
pre-medication was reported in two studies (Price 2015; Seidel
2008a), this was given between eight and 17 hours prior to
donation. Eight studies were conducted prior to licensing of G-CSF
by the Food and Drug Administration (FDA) in 1991 and therefore it
is very unlikely that donors in these studies received G-CSF (Alavi
1977; Bow 1984; Herzig 1977; Higby 1975; Klastersky 1983; Scali
1978; Vogler 1977; Winston 1982a).

Donor selection

Donors were selected in part on the basis of human leucocyte
antigen (HLA) compatibility in two studies (Bow 1984; Vogler 1977)
and on the basis of white cell compatibility/cross match in four
studies (Bow 1984; Herzig 1977; Higby 1975; Vogler 1977). Donors
were selected only on the basis of red cell compatibility in four
studies (Alavi 1977; Price 2015; Scali 1978; Winston 1982a). Two
studies did not report their method of selecting donors (Klastersky
1983; Seidel 2008a).

Co-interventions and/or alternative interventions

DiCerences between the studies were also identified in the
co-interventions provided to patients. This would include the
diagnostic and therapeutic options then available for anti-
microbial practice.

Six studies defined the initial antibiotic therapy to be given (Alavi
1977; Bow 1984; Herzig 1977; Klastersky 1983; Vogler 1977; Winston
1982a). Four studies did not define the antibiotics to be given (Higby
1975; Price 2015; Scali 1978; Seidel 2008a).

Regimens for anti-fungal diagnosis and therapy were only stated in
two trials (Price 2015; Winston 1982a). Although standard therapy
from 1975 to 1984 was amphotericin B.
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One study recommended central line removal for participants with
two or more positive blood cultures of Candida or Fusarium (Price
2015).

Funding sources

Six studies reported their funding sources and all were funded by
governments or charities (Alavi 1977; Higby 1975; Klastersky 1983;
Price 2015; Vogler 1977; Winston 1982a).

Definition of neutropenia

All studies used diCerent inclusion definitions for neutropenia in

patients, which varied from 0.1 x 109/L (Bow 1984) to 1 x 109/
L (Herzig 1977). Marrow recovery or regeneration of counts was
defined by two studies as a granulocyte count greater than 0.5

x 109/L (Alavi 1977; Winston 1982a), and by three studies as a

granulocyte count greater than 1 x 109/L (Herzig 1977; Price 2015;
Seidel 2008a). The other five studies did not report their definition
of marrow recovery (Bow 1984; Higby 1975; Klastersky 1983; Scali
1978; Vogler 1977).

Definition of infection

Studies also applied diCerent criteria for definition of infection.
The inclusion criteria for granulocyte transfusions in two studies
required positive microbiological cultures, including blood (Herzig
1977; Vogler 1977). In one study, positive cultures were required
except in specific defined cases of localised infection with objective
signs (Winston 1982a). Seven studies permitted a clinical diagnosis
or 'possibility' of infection (Alavi 1977; Bow 1984; Higby 1975;
Klastersky 1983; Price 2015; Scali 1978; Seidel 2008a), the exact
definition of which varied between the studies. In Bow 1984, people
with a definite infection were excluded from the randomised part
of the study (Table 2).

Outcomes

Three trials re-randomised participants or analysed the number of
febrile episodes rather than the participants and were not included
in the quantitative analysis (Alavi 1977; Herzig 1977; Seidel 2008a).

None of the studies examined exactly the same range of outcomes,
however most trials reported mortality and information on type of
infection (See Characteristics of included studies).

Excluded studies

We excluded 36 studies within 38 citations from the review because
they failed to meet the stated eligibility criteria (Characteristics of
excluded studies).

• Nineteen studies were not randomised (Altrichter 2011; Atay
2011; Bhatia 1994; Blum 2001; Curtis 1977; Curtis 1982; Diaz
2014; Fortuny 1975; Granena 1978; Graw 1972; Graw 1977;
Hershko 1978; Ikemoto 2012; Illerhaus 2002; Matsue 1984;
NCT01932710; Oymak 2015; Stout 2015; Witt 2015).

• Twelve studies were excluded because they assessed the
prophylactic use of granulocyte transfusions (Adkins 1999;
CliF 1978; Ford 1982; Gomez-Villagran 1984; Mannoni 1979;
NCT01204788; Oza 2006; SchiCer 1979; Strauss 1981; Sutton
1982; UMIN000014777; Winston 1982b).

• Two studies compared two diCerent types of granulocyte
transfusions (Ambinder 1981; Freireich 2013).

• Three publications were reviews (Pammi 2011; Strauss 2015;
Yoshihara 2016).

Ongoing Studies

This updated review identified one ongoing study that was eligible
for inclusion (DRKS00000218). This study plans to recruit 100
participants from three centres in Germany but has not yet opened
to recruitment.

The previous systematic review (Stanworth 2005) identified three
potentially relevant studies, one ongoing study that has now been
completed and is included in the review (Seidel 2008a), and two
studies that are now excluded, one non-randomised study (Blum
2001), and one that compared the wrong intervention (Adkins
1999).

Risk of bias in included studies

See Figure 2 and Figure 3 for visual representations of the
assessment of risk of bias across all studies and for each item in the
included studies. See the Characteristics of included studies section
'Risk of bias tables' for further information about the bias identified
within the individual studies.
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Figure 2.   'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

All studies were at unclear risk of selection bias. Two studies were
at low risk of bias due to random sequence generation (Alavi 1977;
Price 2015). All other studies did not provide suCicient information
to make an assessment and were considered at an unclear risk of
bias. No studies explicitly reported allocation concealment, and
therefore all 10 studies were at unclear risk of bias due to allocation
concealment.

Blinding

One study was an open-label study and was considered at high
risk of performance bias (Price 2015). Nine studies did not provide
any details on whether participants or investigators were blinded to
the intervention, and therefore were considered at unclear risk of
performance bias. However, owing to the nature of the intervention
(granulocyte transfusion) and diCiculty blinding participants and
physicians it is highly likely that all studies were at high risk of
performance bias.

One study had a blinded outcome assessment committee and was
considered at low risk of detection bias (Price 2015). The other nine
studies did not provide any details on whether outcome assessors
were blinded to the intervention, and therefore were considered at
unclear risk of detection bias.

Incomplete outcome data

There was also potential for bias in trial analysis, as not all the trials
clearly reported reasons for withdrawals within the final analysis
(Alavi 1977; Klastersky 1983; Vogler 1977). Details on these potential
problems of attrition bias are stated in the summary sections for
each trial, in the Characteristics of included studies. Moreover, in
one trial it appears that the authors were confusing numbers of
patients with numbers of infective/febrile episodes for some of the
results data (Herzig 1977).

Selective reporting

Two studies were at high risk of reporting bias because protocols
were available and not all outcomes were reported (Klastersky
1983; Price 2015). The other eight studies were at unclear risk of
reporting bias because no protocols were available.

Other potential sources of bias

Due to the small numbers of participants in all the studies there is
likely to be baseline imbalance between the study arms.

E:ects of interventions

See: Summary of findings for the main comparison

Three studies either reported the data per infection episode (Alavi
1977) rather than per patient or re-randomised patients (Herzig
1977; Seidel 2008a) and were excluded from the quantitative
analysis.

All-cause mortality up to 30 days (six studies, 321 participants)

Of the seven studies eligible for quantitative analysis, six studies
reported information on overall mortality/survival (Bow 1984;
Higby 1975; Scali 1978; Vogler 1977; Winston 1982a) or data could
be extracted from Kaplan Mieier curves (Price 2015). Five studies
reported mortality at 20 to 22 days (Bow 1984; Higby 1975; Price
2015; Scali 1978; Vogler 1977). The data in Winston 1982a were

presented as survival/mortality at five days and undefined overall
time points, and not at an equivalent time point between 20 to 22
days aFer randomisation.

A meta-analysis showed no sub-group diCerences between the
data at five days and 20 to 22 days (test for subgroup diCerences:
Chi2 = 0.23, df = 1 (P = 0.63), I2 = 0%). The overall result for all six
studies showed no diCerence in all-cause mortality up to 30 days in
the participants receiving granulocyte transfusions and those that
did not (risk ratio (RR) 0.75, 95% confidence interval (CI) 0.54 to 1.04,
321 participants) (Analysis 1.1).

It should be noted that mortality rates for the control group
varied considerably between studies. In the Higby 1975 trial, 20-day
mortality figures (aFer randomisation) in the control group were
reported as 74% (14/19) whereas in Scali 1978 they were 8% (1/12).
Part of the reason for this significant variation will be because of the
small numbers involved in the included studies and the diCerent
inclusion and exclusion criteria.

Overall, in all six trials the mortality was 35%. We calculated that
2748 participants are required to have a 80% chance of detecting,
as significant at the 5% level, a decrease in all-cause mortality
from 35% in the control group to 30% in the experimental group.
We considered preventing five deaths per 100 people treated with
granulocyte transfusions was a clinically significant diCerence.
There are insuCicient participants within the included trials (324
participants) to detect a diCerence in all-cause mortality.

Clinical reversal of concurrent infection (five studies, 286
participants)

Of the seven studies eligible for quantitative analysis, five studies
reported information on clinical reversal of concurrent infections
(Bow 1984; Klastersky 1983; Price 2015; Scali 1978; Vogler 1977).
The definitions of what constituted a clinical reversal of concurrent
infection diCered between studies (Table 3). Three studies included
both partial or temporary resolution of infection (Klastersky 1983;
Price 2015; Vogler 1977), one study included only complete
resolution of infection (Winston 1982a), and one study did not
define clinical reversal of concurrent infection further (Scali 1978). A
meta-analysis showed no diCerence between participants receiving
therapeutic granulocyte transfusions and those that did not (RR
0.98, 95% CI 0.81 to 1.19) (Analysis 1.2).

In Price 2015, the response to infection with antimicrobials alone
was 43% (21/49). We calculated that 642 patients are required to
have a 80% chance of detecting, as significant at the 5% level, an
increase in recovery from the infection from 43% in the control
group to 54% in the experimental group (25% increase in recovery
from infection). There are insuCicient participants within the
included trials (286 participants) to detect a diCerence in reversal
of concurrent infections. We chose a 25% increase in recovery from
infection because we felt this was a clinically significant diCerence
that would lead to a change in practice if there were no significant
side eCects.

Length of time with fever (three studies, 144 participants)

Three studies reported the length of time with fever (Table 4). The
format of the data for this outcome diCered between the three
studies, and was not combined. Two of the three trials reported a
lower mean number of days with fever in the transfused compared
to the control group.
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Days on antimicrobials (no studies)

No studies reported numbers of days on antimicrobials.

Increment of neutrophil count and duration of neutropenia
reversal aKer transfusion

Increment of neutrophil count (five studies)

Data on corrected one-hour granulocyte increments were
presented in five trials ( Alavi 1977; Herzig 1977; Higby 1975; Vogler
1977; Winston 1982a) (Table 5). These results need to be interpreted
in the light of the method of granulocyte procurement.

Duration of neutropenia reversal (neutropenia defined as count

below 0.5 x 109/litre) (no studies)

No studies reported duration of neutropenia reversal.

Adverse events

Only one study reported adverse events in both study arms (Bow
1984). There was no evidence of a diCerence in the number of
participants who developed pulmonary complications (RR 0.85,
95% CI 0.38 to 1.88, 24 participants) (Analysis 1.3).

Adverse events following granulocyte transfusions were reported in
six studies (Alavi 1977; Herzig 1977; Higby 1975; Price 2015; Vogler
1977; Winston 1982a).

Serious adverse events

There was no diCerence on the number of pulmonary adverse
events between study arms

Three studies reported serious adverse events in the granulocyte
transfusion recipient (Alavi 1977; Higby 1975; Price 2015) (Table 6).
One study reported no episodes (Higby 1975) and two studies each
reported one episode (Alavi 1977; Price 2015).

One study reported no serious adverse events in granulocyte
donors (Higby 1975) (Table 6).

Adverse events requiring discontinuation of treatment.

No studies reported adverse events that required discontinuation
of treatment.

Other adverse events e.g. flu-like symptoms, bone pain

Six studies reported adverse events in recipients associated with
the granulocyte transfusions (Alavi 1977; Herzig 1977; Higby 1975;
Price 2015; Vogler 1977; Winston 1982a) (Table 7).

Two studies reported adverse events in granulocyte donors (Higby
1975; Vogler 1977) (Table 7).

Of the three collecting granulocytes by filtration leukapheresis
(Alavi 1977; Herzig 1977; Higby 1975), adverse events occurred
in 23% of participants (mostly fever and chills, Alavi 1977)
and up to 75% of transfusions ('untoward', Herzig 1977).
In the study collecting granulocytes by discontinuous flow
centrifugation (Winston 1982a), adverse events occurred in 40%
of participants (mostly febrile reactions). Of the three studies
collecting granulocytes by continuous flow centrifugation (Herzig
1977; Price 2015; Vogler 1977), mild to moderate adverse events
occurred in up to 41% of participants (Price 2015) and more severe
events occurred in nine participants (Price 2015) (Table 7).

Further subgroup analyses

In addition to the subgroup analysis of studies that collected and
transfused average numbers of granulocytes that were greater than

1 x 1010 (shown above), it was also planned to undertake sensitivity
analyses, as defined a priori in the methods, for the following
subgroups:

• those three studies where granulocytes were collected by
filtration leukapheresis (Alavi 1977; Herzig 1977; Higby 1975);

• those three studies where collections for transfusion were
undertaken without any prior assessment of leucocyte
compatibility (Alavi 1977; Price 2015; Winston 1982a).

As the mortality data in the Alavi study was recorded by febrile
episodes, it was considered that the results of these sensitivity
analyses would not be meaningful in view of the lack of relevant
data.

Subgroup analyses

Average dose of granulocytes transfused

All-cause mortality

When we excluded data from the two trials that collected and

transfused average numbers of granulocytes below 1 x 1010 (Bow
1984; Winston 1982a), the four remaining trials (202 participants)
(Higby 1975; Price 2015; Scali 1978; Vogler 1977), showed that
participants receiving granulocyte transfusions may have a lower
mortality than those not receiving granulocyte transfusions (RR
0.70; 95% CI 0.49 to 0.99) (Analysis 2.1; Figure 4). There was no
evidence of a diCerence between the granulocyte dose subgroups
(test for subgroup diCerences: Chi2 = 0.73, df = 1 (P = 0.39), I2 = 0%).
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Figure 4.   Forest plot of comparison: 2 Sub group analyses for studies transfusing < and ≥ 1 x 1010 granulocytes per
transfusion, outcome: 2.1 Overall mortality (up to 30 days).

 
Clinical reversal of concurrent infections

When we excluded data from the one trial that collected and

transfused average numbers of granulocytes below 1 x 1010

(Winston 1982a), the four remaining trials (191 participants)
(Klastersky 1983; Price 2015; Scali 1978; Vogler 1977), showed
that there may be no diCerence in clinical reversal of concurrent
infections in those recipients receiving granulocyte transfusions
compared to those not receiving granulocyte transfusions (RR 1.07;
95% CI 0.82 to 1.39) (Analysis 2.2). There was no evidence of
a diCerence between the granulocyte dose subgroups (test for
subgroup diCerences: Chi2 = 1.15, df = 1 (P = 0.28), I2 = 13.3%).

Year of publication

All-cause mortality

Only one trial published aFer 2000 (Price 2015) had mortality data
available. This study showed no diCerence in overall mortality
between those participants who received granulocyte transfusions
and those that did not (RR 1.10; 95% CI 0.70 to 1.73, 111
participants) (Analysis 3.1). The five trials published before 2000
showed that there may be a reduction in overall mortality between
those participants that received granulocyte transfusions and
those that did not (RR 0.53; 95% CI 0.33 to 0.85) (Analysis 3.1). There
was evidence that there may be a subgroup diCerence between
newer and older studies (test for subgroup diCerences: Chi2 = 4.84,
df = 1 (P = 0.03), I2 = 79.4%).

Clinical response to infections

Only one trial published aFer 2000 (Price 2015) had data available.
This study showed no diCerence in clinical response to infection
between those participants who received granulocyte transfusions
and those that did not (RR 0.97; 95% CI 0.61 to 1.55) (Analysis 3.2).
The four trials published before 2000 also showed no diCerence
in clinical response to infection between those participants who
received granulocyte transfusions and those that did not (RR 0.99;

95% CI 0.80 to 1.21) (Analysis 3.2). There was no evidence of a
subgroup diCerence between newer and older studies (test for
subgroup diCerences: Chi2 = 0.00, df = 1 (P = 0.96), I2 = 0%).

D I S C U S S I O N

Summary of main results

This Cochrane review aimed to evaluate the literature on the
eCectiveness and safety of therapeutic granulocyte transfusions.
This review should be read in conjunction with another review
undertaken to evaluate the randomised trial evidence for the use of
prophylactic granulocyte transfusions (Estcourt 2015).

We identified 10 completed randomised controlled trials (RCTs)
that met our inclusion criteria and one additional ongoing study
(DRKS00000218). Ten trials were included in this review containing
a total of 587 participants. None of the trials enrolled people with
neutrophil dysfunction. Three studies re-randomised participants
and therefore quantitative analysis was unable to be performed.

There was insuCicient evidence to detect a diCerence in all-cause
mortality between participants receiving therapeutic granulocyte
transfusions and those that did not (six studies; 321 participants;
RR 0.75, 95% CI 0.54 to 1.04).

Unlike the previous version of this review, we found that there were

no diCerences between the granulocyte dose subgroups (< 1 x 1010

per day versus ≥ 1 x 1010 per day) (test for subgroup diCerences
P = 0.39). We did find that there was a diCerence between the
studies based on the age of the study (published before 2000 versus
published 2000 or later) (test for subgroup diCerences P = 0.03). We
found that there was no diCerence in all-cause mortality between
participants receiving granulocyte transfusions and those that did
not in the newest study (one study; 111 participants; RR 1.10, 95%
CI 0.70 to 1.73). The newest study was also the only study in the
meta-analysis that gave granulocyte colony stimulating factor (G-
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CSF) to donors. We noted that there may be a reduction in all-
cause mortality in participants receiving granulocyte transfusions
compared to those that did not in studies published before the year
2000 (five studies; 210 participants; RR 0.53, 95% CI 0.33 to 0.85; low-
quality evidence).

We found that there may be no diCerence in clinical reversal of
concurrent infections between participants receiving therapeutic
granulocyte transfusions and those that did not (five studies; 286
participants; RR 0.98, 95% CI 0.81 to 1.19; low-quality evidence).

There is insuCicient evidence to determine whether there is
a diCerence in pulmonary serious adverse events between
participants receiving therapeutic granulocyte transfusions and
those that did not (one study; 24 participants; RR 0.85, 95% CI 0.38
to 1.88).

None of the studies reported number of days on therapeutic
antibiotics, number of adverse events requiring discontinuation of
treatment, or quality of life.

Overall completeness and applicability of evidence

This review provides the most up to date assessment of the
eCectiveness and safety of a therapeutic granulocyte transfusion
policy compared with not administering granulocyte transfusions.
This updated review identified two additional completed trials
(Price 2015; Seidel 2008a) and one ongoing trial (DRKS00000218).

The results of this review should not be interpreted without taking
into consideration the impact of the following factors.

• None of the trials in this review specifically evaluated patients
with congenital disorders of neutrophil function or production,
although many clinicians might consider this an accepted
practice to manage severe or refractory infections in this group
of patients.

• The one ongoing study (expected recruitment 100 participants)
will be too small to provide suCicient additional data for this
review’s primary outcome. For example, if we assumed that
the risk of death was 35 out of 100 people with neutropenia
who had a serious infection treated with antibiotics alone and
that the risk of death decreased to 30 out of 100 people when
they received therapeutic granulocyte transfusions as well as
antibiotics, we would need to design a study with at least 2748
participants to detect this diCerence with 80% power and 5%
significance (3680 participants required to detect a diCerence
with 90% power) (calculated using a power calculator at http://
www.sealedenvelope.com/power/binary-superiority/).

• None of the studies assessed the use of granulocytes derived
from whole blood donations (Bashir 2008). This component
has been assessed in a small safety study (Massey 2012). The
process of obtaining granulocyte collections from directed G-
CSF and/ or steroid-stimulated donors who are ’family and
friends’ of patients or unrelated donors involves multiple steps.
It is important that family and ’friends’ of patients are given
time and an adequate explanation of the small risks to which
they are exposed by both taking specific drugs (steroids or G-
CSF, or both) to mobilise granulocytes into the peripheral blood
and by undergoing an apheresis procedure. To date, most of
these risks have been theoretical or weak associations only
but posterior capsular cataracts, splenic rupture and venous
thrombosis have been described (Bennett 2006; Ghodsi 2001;

Goldman 2006; Gutierrez 2001). There are also a number of
potentially important constraints that can limit provision of
apheresis products on a regular and timely basis; e.g. hospitals
in Europe managing granulocyte collections by apheresis now
have a requirement for meeting ’blood establishment status’
according to EU legislation.

• Only two of the studies gave G-CSF to the granulocyte donors
(Price 2015; Seidel 2008a), both studies were stopped early due
to lack of recruitment.

• The eCect of G-CSF on donors was not reported and other side
eCects for granulocyte donors was only reported for two studies
(Table 6; Table 7).

• The studies included in this review range over a 40-year period
(1975 to 2015) during which chemotherapy protocols, predicted
survival rates, supportive care, including antibiotics and anti-
fungal medication, have changed substantially. Newer less toxic
anti-fungal drug options are now available.

• Data from three of the included studies could not be included in
the meta-analysis due to re-randomisation of participants (Alavi
1977; Herzig 1977; Seidel 2008a).

• The types of infection included within the trials varied (Table 2).
In two studies participants had to have positive microbiological
cultures (Herzig 1977; Vogler 1977). Seven studies permitted
a 'possibility' of infection (Alavi 1977; Bow 1984; Higby 1975;
Klastersky 1983; Price 2015; Scali 1978; Seidel 2008a), the
exact definition of which varied between the studies. In Bow
1984 people with a definite infection were excluded from the
randomised part of the study.

Quality of the evidence

Overall, the quality of the evidence was rated as very low to
low across diCerent outcomes according to GRADE methodology
(Summary of findings for the main comparison). This was due to
many of the outcome estimates being imprecise and many of the
studies being at high risk of bias. Although most studies were at an
unclear risk of bias due to blinding due to lack of information it is
likely that these were all unblinded studies due to the diCicultly in
blinding participants and physicians to the intervention.

One outcome was graded low-quality evidence because of a serious
risk of imprecision and a serious risk of bias.

• Clinical reversal of concurrent infections

Two outcomes were considered very low-quality evidence because
of a very serious risk of imprecision, a serious risk of bias, and a
serious risk of inconsistency.

• All-cause mortality

• Number of serious adverse events

The reason for the imprecision is because of the small number of
participants within the trials and the low number of events. The
reason for inconsistency for all-cause mortality is because the eCect
of granulocyte transfusions appears to diCer between newer and
older studies.

See Figure 2 and Figure 3 for visual representations of the
assessments of risk of bias across all studies and for each item
within the individual studies.
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Potential biases in the review process

To our knowledge, our review process is free from bias. We
conducted a comprehensive search, searching data sources
(including multiple databases, and clinical trial registries) to ensure
that all relevant trials would be captured. The relevance of each
paper identified was carefully assessed and all screening and data
extractions were performed in duplicate. There were no restrictions
on the language in which the paper was originally published.
We prespecified all outcomes and subgroups prior to analysis.
There were insuCicient numbers of included studies within the
meta-analyses for us to use a funnel plot to examine the risk of
publication bias.

Agreements and disagreements with other studies or
reviews

We know of no other recent systematic reviews on the use of
therapeutic granulocyte transfusions in people with neutropenia
or neutrophil dysfunction. The last review on this subject was
the previous version of this review (Stanworth 2005). This review
no longer finds an overall benefit of therapeutic granulocyte
transfusions on all-cause mortality; this diCers from the previous
version of this review.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is insuCicient evidence from randomised controlled trials
(RCTs) to support or refute the use of granulocyte transfusion
therapy in patients with neutropenia and severe infection to
reduce mortality. None of the trials in this review specifically
evaluated patients with congenital disorders of neutrophil function
or production, although many clinicians might consider this as
accepted practice to manage severe infection. None of the studies
in this review assessed the use of granulocytes derived from
whole blood donations. In keeping with the conclusions from
the systematic review of the use of prophylactic granulocyte
transfusions, the use of granulocyte transfusions should still be
regarded as investigational and should ideally be conducted in
the context of ongoing prospective trials designed to answer the
question of eCectiveness.

Implications for research

Contemporary well-designed prospective trials of suCicient power
are required to evaluate the eCicacy of granulocyte transfusions, in
order to establish definitively whether it has clinical benefit or not
with regards to reduction in mortality. The one ongoing trial is too
small (100 participants) to be able to answer this review's primary
outcome.

Side eCects need to be evaluated not only for the transfused
recipient but also with respect to donors.
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Participants Inclusion criteria: Patients with acute leukaemia or blastic phase of chronic myeloid leukaemia if the

neutrophil count was < 0.25 x 109/L, and if infection was documented or strongly suspected. The eligi-
bility criteria for children also required culture-positive microbiology results.

Exclusion criteria: No patient was eligible unless he or she was under treatment for acute leukaemia

N = 32 patients, 31 included in the analysis

Age range 8 to 75 years (Average 38 years)

Arm 1 (Granulocyte transfusions): N = 13, 12 included in the analysis, Acute myeloid leukaemia = 8,
Acute lymphocytic leukaemia = 3, Other = 1.

Arm 2 (Control): N = 19, Acute myeloid leukaemia = 14, Acute lymphocytic leukaemia = 4, Other = 1

Type of treatment participants received for the acute leukaemia was not reported

Interventions Granulocyte dose: 5 x 1010/day. Average 3.3 x 1010/m2 children; Average 3.2 x 1010/m2 adults

Granulocyte method of collection: Filtration leukapheresis

Selection of donors: HLA typing results were not used to select prospective donors.

Pre-medication of donors: Hydrocortisone

Initiation of granulocyte transfusions: Fever > 38.80C for 1 hour or persistent fever 38.00C for 24
hours

Frequency of granulocyte transfusions: Daily

Termination of granulocyte transfusions: Until antibiotics discontinued or until the patient was
afebrile for 72 hours with negative cultures

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s):

Survival at day 21
Adverse events

Definition(s) of infection Proven infection: Cultures were positive

Probable infection: If there was a clinical source but cultures were negative.

Definition of neutropenia Neutrophil count <0.25 x 109/L was an inclusion criterion

Co-interventions Therapeutic antibiotics: All patients received broad-spectrum antibiotics, including gentamicin and
cephalothin, or a penicillinase-resistant, semisynthetic penicillin, and most patients also received car-
benicillin. Clindamycin was added if a gastrointestinal source of infection seemed likely.

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Not reported

Notes Randomised: Patients were not randomised until antibiotics were started for presumed or proven in-
fection

Trial registration: none identified

Sources of funding: Supported by a research grant (CA11630) and research career development
awards (A100143 to RKR and AM38345 to RAC) from the National Institutes of Health and by a grant
from the Radiation Management Corporation. Dr Schreiber is a Leukemia Scholar of the Leukemia Soci-
ety of America
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned to control or transfusion groups by
means of consecutively numbered cards, randomised by computer. The
method of randomisation by the computer was not stated.

Allocation concealment
(selection bias)

Unclear risk The consecutively numbered cards were sealed in an envelope, but it did not
state whether the envelopes were opaque.

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

Unclear risk The report did not state whether participants were blinded to the intervention.
The report did not state whether the clinical personnel or investigators were
blinded to the intervention.

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

Unclear risk The report did not state whether the outcome assessors were blinded to the
participants allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Two febrile episodes were excluded from analysis because of early death be-
fore the effects of the transfusions could be analysed: one patient in the trans-
fusion group was excluded for this reason, but the control patient had also
contributed to a prior febrile episode. In the transfusion group, one febrile
episode was subsequently considered to be due to an allergic reaction and an-
other due to viral infection, and these data were also excluded from the analy-
sis of outcomes, including survival.

Selective reporting (re-
porting bias)

Unclear risk The protocol was not available to assess whether any of the pre-specified out-
comes were not reported, or whether additional outcomes that had not been
pre-specified were reported

Other bias High risk There was an imbalance between the two arms in the number of participants
allocated to each arm (19 vs. 12). There were unit-of-analysis issues as patients
had more than one episode of fever.
In the granulocyte arm there were 22 febrile episodes in 12 patients and in the
control arm there were 40 febrile episodes within 19 patients.

Alavi 1977  (Continued)

 
 

Methods Parallel RCT (period of enrolment not reported) (number of centres not reported) Canada

Participants Inclusion criteria: Patients with: granulocytopenia (< 0.1 x 109 cells/L); fever (temperature > 38oC); un-
responsive to broad spectrum antibiotics for at least 72 hours

Exclusion criteria: Patients with a documented infection either clinically or microbiologically

N = 24 patients

The mean age of patients undergoing randomisation was not reported separately from patients in the
concurrent prospective observational study of all patients receiving granulocytes but was between
52.6 years (SD 12.4) and 45.1 years (SD 20) (Table 1 (Bow 1984)).

Arm 1 (Granulocyte transfusions): N = 13

Arm 2 (Control): N = 11

Bow 1984 
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Predominantly acute myeloid leukaemia, but not reported separately from the 8 patients who only
had a definite infection and were treated with granulocyte transfusions (Acute myeloid leukaemia = 22;
Acute lymphoblastic leukaemia = 5; Chronic lymphocytic leukaemia = 2; Non-Hodgkin's lymphoma = 2;
carcinoma = 2).

Type of treatment participants received for underlying disorder not reported

Interventions Granulocyte dose: 0.87 (+/- 0.35) x 1010 granulocytes given per transfusion (this relates to both the
randomised study and the concurrent observational study)

Granulocyte method of collection: Discontinuous flow centrifugation

Selction of donors: ABO-compatible, matched to at least 2 HLA antigens. If matching not possible
cross-match compatible

Pre-medication of donors: Dexamethasone 6 mg po (6 to 12 hours prior to collection)

Initiation of granulocyte transfusions: Patients with: possible infection; granulocytopenia (< 0.1 x 109

cells/L); fever (temperature > 38oC); unresponsive to broad spectrum antibiotics for at least 72 hours

Frequency of granulocyte transfusions: Not reported

Termination of granulocyte transfusions: Not reported

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s):

Survival at day 21
Time to abatement of fever
Pulmonary complications

Definition(s) of infection Proven infection: microbiologically documented if a pathogen was identified either in culture or in a
histopathological preparation from an infected focus, as clinically documented if no pathogen was re-
covered

Probable infection: febrile illness was compatible with infection but had no identifiable focus

Definition of neutropenia Neutrophils < 1 x 109 cells/L; severe neutropenia < 0.1 x 109 cells/L

Co-interventions Therapeutic antibiotics: patients were treated empirically with an aminoglycoside and ticarcillin (or
cefazolin if the patient was allergic to penicillin)

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Not reported

Notes Randomised: Not reported

Trial registration: none identified

Sources of funding: Not reported in full. TJL was a recipient of a career development award from the
Canadian Life and Health Insurance Association

Conflicts of Interest: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not reported.

Bow 1984  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not reported.

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

Unclear risk It was unclear whether participants or clinical personnel were blinded.

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

Unclear risk It was unclear whether outcome assessors were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Loss to follow-up was not reported. 21 day survival was 8/13 versus 7/11.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk The conduct of the study was poorly reported, and it was therefore unclear
whether any other significant source of bias was present.

Bow 1984  (Continued)

 
 

Methods Parallel RCT (period of enrolment not reported) (number of centres not reported) USA

Participants Inclusion criteria: Patients with haematological malignancy, aplastic anaemia or solid tumours who

had granulocytopenia (< 1 x 109/L) and had blood culture proven gram-negative septicaemia

Exclusion criteria: Equipment or personnel not available to perform a leukapheresis

N =27 patients (30 episodes of sepsis). Three patients were re-randomised 3, 8 & 12 months after the
first episode (all the re-randomisations were to the granulocyte transfusion group, 2 participants had
previously been in the control group)

Age range 2 to 57 years (Median 17 years)

Arm 1 (Granulocyte transfusions): N = 16, 3 participants had been re-randomised to this group, Acute
myeloid leukaemia = 4, Acute lymphocytic leukaemia = 7, Aplastic anaemia = 1; Solid tumours = 2; Oth-
er = 2

Arm 2 (Control): N = 14, Acute myeloid leukaemia = 4, Acute lymphocytic leukaemia = 6, Aplastic
anaemia = 1; Solid tumours = 0; Other = 3

Type of treatment participants received for underlying disorder not reported

Interventions Granulocyte dose: Median 1.7x1010/m2 filtration; Median 0.4x1010/m2 centrifugation

Granulocyte method of collection: Filtration leukapheresis or continuous flow centrifugation

Selection of donors: HLA typing results were not used to select prospective donors.

Pre-medication of donors: None

Initiation of granulocyte transfusions: Granulocyte transfusions were started within 24 hours of the
positive blood culture result

Frequency of granulocyte transfusions: Daily

Herzig 1977 
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Termination of granulocyte transfusions: Until 5 days with negative blood cultures , or 3 days with-

out fever (defined as < 38oC); or neutrophil count >1 x109/L

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s): Not clearly reported

Median time to bone marrow recovery

Survival at day 20/21
Adverse events

Definition(s) of infection Septicaemia: Positive blood cultures - gram negative organism

Definition of neutropenia Neutrophils < 1 x 109/L

Co-interventions Therapeutic antibiotics: Standard triple antibiotic regimen (cephalothin, gentamicin and carbeni-
cillin)

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Not reported

Notes Randomised: Not reported

Trial registration: none identified

Sources of funding: Not reported

Conflicts of Interest: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk A deck of pre-arranged sealed envelopes had been created, but how this pre-
arrangement had been created was not reported.

Allocation concealment
(selection bias)

Unclear risk Investigators drew a sealed envelope from a pre-arranged deck. It was not re-
ported whether the envelopes were opaque.

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

Unclear risk The report did not state whether participants or clinical personnel were blind-
ed to the outcome

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

Unclear risk The report did not state whether outcome assessors were blinded to the inter-
vention

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All patients who survived were followed up for at least 1 month after the end
of the study (Figure 1 in the study report). The median time in the study was 21
days (9 to 56) in the control arm and 17 days (6 to 57) in the granulocyte arm.

Selective reporting (re-
porting bias)

Unclear risk The protocol was not available to assess whether any outcomes had not been
reported

Other bias High risk There was a unit of analysis issue in this study. 27 patients were randomised
to receive or not receive granulocyte transfusions. 3 of these patients were re-
randomised. One patient in the granulocyte arm was re-randomised to the

Herzig 1977  (Continued)
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same arm, and two of the five surviving patients in the control arm were re-
randomised to the granulocyte arm.

Herzig 1977  (Continued)

 
 

Methods Parallel RCT (period of enrolment not reported) (number of centres not reported) USA

Participants Inclusion criteria: Patients with haematological malignancies, neutrophil count < 0.5 x 109/L, clinical

evidence of infection and fever > 38oC.

Exclusion criteria: Not reported

N = 36

9 patients aged > 45 years. Minimum age 15 years

Arm 1 (Granulocyte transfusions): N = 17 (Acute myeloid leukaemia = 11). 1/17 patients aged > 45 years

Arm 2 (Control): N = 19, (Acute myeloid leukaemia =12). 8/19 patients aged > 45 years

Patients were receiving chemotherapy for acute leukaemia. 6 patients in each arm were being treated
with remission induction chemotherapy.

Interventions Granulocyte dose: 2.2 x 1010/m2 (range 1.11 to 5)

Granulocyte method of collection: Filtration leukapheresis

Selection of donors: HLA typing results were not used to select prospective donors.

Pre-medication of donors: Dexamethasone immediately prior to collection (i.e. not priming)

Initiation of granulocyte transfusions: Neutropenia < 0.5x109/L + fever >380C + antibiotics more than
2 days (i.e. 48-hour period to assess response to antibiotics) + clinical evidence of infection (organism
or focus)

Frequency of granulocyte transfusions: Daily over 4 consecutive days

Termination of granulocyte transfusions: After 4 consecutive days

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s):

Survival at day 20
Remission rates
Adverse events

Definition(s) of infection Clinical evidence of infection was not defined, but culture-positive results were not required as manda-
tory prior to randomisation (although positive cultures were documented subsequently in 32 patients).

Definition of neutropenia neutrophil count < 0.5 x 109/L

Co-interventions Therapeutic antibiotics: type of antibiotics not specified

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Not reported

Notes Randomised: Patients were not randomised until antibiotics had been given for two or more days and
were judged clinically ineffective as evidenced by persistent fever and clinical deterioration

Higby 1975 
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Trial registration: none identified

Sources of funding: Supported by research grants (CA-5834 and CA-10044) from the National Cancer
Institute

Conflicts of Interest: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Patients qualifying for this study were placed in the study group or the control
group by drawing an assignment card from a prearranged deck. Method of se-
quence generation for the prearranged deck were not reported.

Allocation concealment
(selection bias)

Unclear risk Cards in prearranged deck were enclosed in sealed envelopes. It was not re-
ported whether the envelopes were opaque

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

Unclear risk It was not reported whether participants or clinical personnel were blinded to
the intervention

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

Unclear risk It was not reported whether outcome assessors were blinded to the interven-
tion

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There was no loss to follow up at day 20.

Selective reporting (re-
porting bias)

Unclear risk The protocol was not available to assess whether all pre-specified outcomes
were reported

Other bias High risk There was imbalance between the two groups in the baseline characteristics
of the patients.
16/17 patients were aged under 45 years of age in the granulocyte transfusion
arm, whereas 11/19 patients were aged under 45 years of age in the control
arm.

Higby 1975  (Continued)

 
 

Methods Parallel RCT (period of enrolment ) (20 centres, majority of patients were from 5 centres) Belgium, Ger-
many, Switzerland and UK

Participants Inclusion criteria: People with at least 3 out of 4 characteristics predictive of gram negative septi-

caemia: neutropenia (< 0.1 x 109/L); fever (> 39.0°C); platelet count < 50x109/L; creatinine level > 1.0 mg
AND hypocellular bone marrow (bone marrow aspirate)

Exclusion criteria: Patients without a white blood cell donor

Age range not reported

N = 46 randomised, 39 included in analysis. Participants were excluded because of protocol violations
or non-documentation of fever

Arm 1 (Granulocyte transfusions): N = 18, 16 included in the analysis, majority had acute myeloid
leukaemia.

Klastersky 1983 
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Arm 2 (Control): N = 28 , 23 included in the analysis, majority had acute myeloid leukaemia

Type of treatment participants received was not reported

Interventions Granulocyte dose: To exceed 1 x 1010/m2/day

Granulocyte method of collection: Not specified, but the method of collection was the same for each
recipient

Selection of donors: Not reported

Pre-medication of donors: Not reported

Initiation of granulocyte transfusions: Within 24 hours of onset of antibiotics

Frequency of granulocyte transfusions: Daily for 4 days

Termination of granulocyte transfusions: After 96 hours of antibiotic therapy those randomised not
to receive granulocytes could be transfused and these patients were counted as a failure of the as-
signed therapy

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s): Not reported

Aims of the trial included:

In poor-risk patients what is the value of early administered granulocyte transfusions?

Do differently collected granulocytes affect the outcome of severe infection in neutropenic patients in
a different way?

What are the side effects of transfusions of granulocytes and can they be related to the mode of collec-
tion of the granulocytes and to other factors such as pre-medication of the donor and histocompatibili-
ty?

Definition(s) of infection Microbiologically documented: Signs and symptoms of infection present (i.e. primary site of infection
recognised) and positive bacteriological cultures obtained from the suspected site, blood cultures, or
histological sections.*
Clinically documented: Site of infection identified and progress consistent with infection. Negative
cultures from primary site and blood.*
Possible infection: Signs, symptoms and progress are consistent with infection. Negative cultures and
no site found despite complete re-examinations, history, X-rays and cultures at least every 3 days.
Infection doubted: Infection improbable on review of clinical signs and progress.

*e.g., a pulmonary infiltrate is a pneumonia if consistent with proper signs and symptoms of infection-
clinically documented - but is microbiologically documented if (1) blood cultures are positive, (2) spu-
tum culture is positive with a clear preponderance of one organism, the specimen is of good quality
(i.e., not saliva), etc., or (3), positive results are obtained from transtracheal puncture, biopsy, etc . . . .
Pneumonia remains clinically documented if blood cultures are negative or no blood cultures were tak-
en and sputum sample was of poor quality or had mixed flora.

Definition of neutropenia Neutrophil count < 1.0 x 109/L

Co-interventions Therapeutic antibiotics: treated with carbenicillin (or ticarcillin) and amikacin

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Not reported

Notes Randomised: Patients were allocated to 'high risk' or 'poor prognosis', hospitalised at participating
centre and donor available

Klastersky 1983  (Continued)
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Trial registration: none identified

Sources of funding: This was a European multicentre study under the auspices of the EORTC Interna-
tional Antimicrobial Therapy Project Group

Conflicts of Interest: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Exact method used to randomise patients was not clear. However, the partici-
pating centres drew the next card from the stock supplied to them by the sta-
tistical centre.
Each centre required details to be entered on to the postcard provided and
this was sent to the Statistical Centre even if the patient was subsequently ex-
cluded from the trial.

Allocation concealment
(selection bias)

Unclear risk It was unclear whether the randomisation allocation was on the cards provid-
ed to the centres or they received the allocation once the card had been re-
turned to the statistical centre.

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

Unclear risk The study did not report whether participants or clinical personnel were blind-
ed

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

Unclear risk The study did not report whether outcome assessors were blinded to the inter-
vention.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk There was an imbalance between the number of patients excluded from the 2
arms due to protocol violations or non-documentation of fever.
46 patients were randomised, 18 patients in the granulocyte arm and 28 pa-
tients in the control arm. 2 patients were excluded from the analysis in the
granulocyte arm (11%) and 5 patients were excluded in the control arm (18%)

Selective reporting (re-
porting bias)

High risk A published protocol was available but did not state any primary or secondary
outcomes. The objectives of the trial were to find out whether:
In poor-risk patients what is the value of early administered granulocyte
transfusions?
Do differently collected granulocytes affect the outcome of severe infection in
neutropenic patients in a different way?
What are the side effects of transfusions of granulocytes and can they be relat-
ed to the mode of collection of the granulocytes and to other factors such as
pre-medication of the donor and histocompatibility
Only the first objective was reported in the final report

Other bias Unclear risk There was an imbalance between study arms, 18 patients were randomised to
the granulocyte arm and 28 patients were randomised to the control arm

Klastersky 1983  (Continued)

 
 

Methods Parallel open-label RCT (period of enrolment April 2008 to May 2013) (14 centres) USA

Participants Inclusion criteria at study initiation

Patients were those of any age with:
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1) neutropenia, defined as absolute neutrophil count (ANC) < 0.5 x 109/L, due to aggressive chemother-
apy or HSCT and

2) proven or probable bacterial or fungal infection.

Participants were to be randomised within 24 hours of eligibility
Inclusion criteria liberalised after 31 months of enrolment

The eligibility criteria were liberalised to include:

Patients with presumed infection (identical host and clinical criteria, but identification of organism not
necessary), and to include patients with neutropenia due to underlying marrow disease (e.g. aplastic
anaemia)

The allowed time to randomisation was extended to one week from first meeting eligibility criteria

Exclusion criteria

Participants were excluded from the study if they were unlikely to survive five days, if there was evi-
dence that the patient was unlikely to be neutropenic for at least five days, or if they had previously en-
rolled in this study.

N = 114 participants, 97 included in the analysis (9 withdrew early, 8 primary endpoint could not be de-
termined)

27 patients aged > 65 years 10 patients aged < 18 years. Mean age in granulocyte transfusion group
(54.9 years ± 17.1) higher than in control group (46.9 years ± SD 20.2).

Arm 1 (Granulocyte transfusions): N = 56, 48 included in the analysis, Acute myeloid leukaemia = 32,
Acute lymphocytic leukaemia = 6, Non-Hodgkin's lymphoma = 4, Other = 6. Chemotherapy = 37, HSCT =
8, Other = 3

Arm 2 (Control): N = 58, 49 included in the analysis. Acute myeloid leukaemia = 31, Acute lymphocytic
leukaemia = 6, Non-Hodgkin's lymphoma = 3, Other = 9. Chemotherapy = 36, HSCT = 8, Other = 5

Interventions Granulocyte dose: Median 5.5 x 1010 (IQR 2.6 to 7.3). 15/49 (31%) participants in whom the dose was

known received less than the planned dose of 0.6 x 109 cells/kg. Only 51 of the 56 participants ran-
domised to the granulocyte transfusion arm received at least one granulocyte transfusion.

Granulocyte method of collection: Continous flow centrifugation

Selection of donors: Donors were not selected on the basis of HLA or granulocyte compatibility

Pre-medication of donors: G-CSF and dexamethasone

Initiation of granulocyte transfusions: Within 24 hours of diagnosis of a proven or probable bacterial
or fungal infection (first 31 months). After this the allowed time to randomisation was extended to one
week from first meeting eligibility criteria.

Frequency of granulocyte transfusions: Daily

Termination of granulocyte transfusions: Until neutrophil recovery, resolution or improvement of
the underlying infection (at the discretion of the participant's physician) provided the participant re-
ceived at least 5 granulocyte transfusions over at least a 7-day period, life-threatening toxicity, or pa-
tient had spent 42 days on the study.

Outcomes Primary Outcome

• Percentage of participants who are alive at 42 days After treatment and have had a microbial response

To be considered a success, the participant had to meet two criteria:

1) survival for 42 days after randomisation

2) evaluation of the clinical response of the study-qualifying infection at 42 days

Price 2015  (Continued)
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Response for bloodstream infections was defined as a negative blood culture.

For invasive bacterial or fungal infections, response was defined as resolution or improvement of clini-
cal evidence of infection. A stable infection was considered to be a failure.

Secondary Outcomes

• Alloimmunisation, defined as the appearance of anti-Human Leukocyte Antigen (HLA) or Anti-neu-
trophil antibodies [Time frame: measured at days 14 and 42]

• Serious granulocyte transfusion reactions, including febrile, allergic, and pulmonary reactions (Trans-
fusion arm only) [Time frame: measured within 6 hours after end of transfusion]

• GraF versus Host Disease (GVHD) among recipients of allogeneic stem cell transplantation [Time
frame: measured at Day 42]. Time to GVHD incidence between the two treatment groups was com-
pared using Gray's model that takes into account death as a competing risk. [not reported]

• Overall Incidence of adverse effects [Time frame: measured until Day 42]

• Fever resolution [Time frame: measured until Day 42]. Fever resolution between the two treatment
groups was compared using Gray's model that takes into account death as a competing risk.

• Time to negative test for fungal antigenaemia (e.g., Galactomannan antigenaemia among participants
with invasive aspergillosis) [Time frame: measured at Days 7, 14, and 42]

• Time to negative blood culture for participants with positive blood culture at baseline [Time Frame:
measured until Day 42]

• Long-term survival [Time frame: measured at 3 months]

• Serious adverse events in granulocyte donors [Time frame: measured at 1 week after G-CSF adminis-
tration]

• Donor availability (proportion of scheduled granulocyte transfusion days on which granulocytes were
available) [Time frame: measured until study completion]

• Evaluation of granulocyte yield [Time frame: measured immediately after each granulocyte donation]

• Discontinuation of granulocyte transfusions due to toxicity or intolerance [Time frame: measured until
Day 42]

Definition(s) of infection Criteria for the categorisation of proven or probable fungal infections were that of the European Orga-
nization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the
National Institutes of Allergy and Infectious Diseases Mycosis Study Group (EORTC/MSG) Consensus
Group.

Criteria for categorisation of proven or probable bacterial infection included:

1) Bacteraemia, the organism must be indicative of serious infection, for example gram negative bac-
teraemia or S. aureus bacteraemia. Coagulase-negative staphylococcal bacteraemia was excluded AND

• participant has ongoing haemodynamic instability in opinion of attending physician (e.g. need for
pressors, fluid boluses, or other intervention) OR

• signs or symptoms unresponsive to appropriate clinical and antimicrobial management for more than
24 hours OR

• fever had persisted for at least 48 hours, and at least 2 positive cultures in spite of appropriate antimi-
crobial therapy (second culture must have been from a sample obtained >20 hours after initial culture)

2) Typhlitis (neutropenic enterocolitis) demonstrated by clinical signs and symptoms compatible with
disease AND evidence of disease by imaging techniques

3) Invasive tissue infection (infection of chest or sinuses) demonstrated by clinical signs and symptoms
compatible with disease AND evidence of disease by imaging techniques

4) Invasive tissue infection (other than types listed above) demonstrated by clinical signs and symp-
toms compatible with disease e.g. intra-abdominal abscess, perirectal cellulitis/ecthyma/abscess, le-
sions with crepitation or blebs, multiple skin lesions with bacteraemia

Definition of neutropenia Neutrophil count < 0.5 x 109/L

Co-interventions Therapeutic antibiotics: Type of antibiotics not specified

Price 2015  (Continued)
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G-CSF: Growth factors may be administered at the discretion of the attending physician, but should be

discontinued if the neutrophil count exceeds 2.5 x 109/L

Therapeutic antifungals:

Invasive mould infections due to:

• Aspergillus species: voriconazole +/- caspofungin

• Zygomycetes (agents of “mucormycosis”): lipid formulation of amphotericin B (AmBisome or ABLC;
5mg/kg/day) is preferred first-line therapy. Posaconazole may be considered as salvage therapy.

• Fusarium species: voriconazole or lipid formulation of amphotericin B (AmBisome or ABLC; 5mg/kg/
day)

• Scedosporium species: voriconazole

Candidemia or deep tissue invasive candidiasis: echinocandin (caspofungin, micafungin or anidulafun-
gin), conventional amphotericin B (> 0.6 mg/kg/day); lipid formation of amphotericin B (3 to 5 mg/kg/
day). Removal of central venous catheter
is advised.

Notes Randomised: Patients were not randomised until they had a proven or probable fungal infection (first
31 months of study) this was liberalised to include presumed infection (after 31 months).

Trial registration: registered prospectively on ClinicalTrials.gov NCT00627393 on 28 February 2008

Sources of funding: National Heart, Lung, and Blood Institute (NHLBI)

Conflicts of Interest: P Ness is a consultant to TerumoBCT, Lakewood, CO. J McFarland is a member of
the Scientific Advisory Board of Fenwal division of Fresenius Kabi and receives consulting fees for this
service. The other authors declared no competing financial interests.

Other: The planned target sample size of 118 participants per arm would have provided 80% power to
detect a treatment difference if the true success rate with antimicrobial therapy alone was 50%, and
the true success rate with the granulocyte treatment arm was 70%. The enrolment achieved was only
114, resulting in approximately 47% power to detect that difference.The study was stopped early due
to a lower than expected accrual rate.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed using randomly permuted blocks within strata.
Participants were stratified according to risk status (high risk = stem cell trans-
plant or relapsed leukaemia; low risk = other) and type of infection (invasive
mould versus other), and allocation was also balanced within each clinical site
using dynamic balancing.

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment was not reported

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

High risk This was an open-label trial, therefore all clinical outcomes apart from all
cause mortality are at risk of bias

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

Low risk "Evaluation of response was performed by an independent adjudication pan-
el blinded to the subject’s treatment arm. For all subjects, the panel confirmed
the subject’s eligibility for the study and evaluated the appropriateness of
the antimicrobial therapy. For subjects alive at Day 42, the panel also deter-
mined whether or not the subject’s infection resolved or improved. These de-
cisions were based on clinical summaries, laboratory results, cultures, reports
of imaging studies, and data from the standard case report forms. The pan-
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el was comprised of three infectious disease specialists and one radiologist,
none of whom was affiliated with any of the participating clinical sites."

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk There was an imbalance in the number of participants who withdrew from the
trial. 15/56 (27%) withdrew from the study in the granulocyte transfusion arm
and 8/58 (14%) withdrew from the study in the control arm.

Selective reporting (re-
porting bias)

High risk Several planned secondary outcomes were not reported:

• Alloimmunisation, defined as the appearance of anti-Human Leukocyte Anti-
gen (HLA) or Anti-neutrophil antibodies

• GVHD among recipients of allogeneic stem cell transplantation

• Fever resolution

• Time to negative test for fungal antigenaemia

• Time to negative blood culture for participants with positive blood culture
at baseline

• Serious adverse events in granulocyte donors

• Donor availability

Other bias High risk Whether or not participants received the granulocyte dose specified in the pro-
tocol was not a random occurrence but was largely site specific. "These dif-
ferences were not due to differences in the dose or timing of G-CSF or dexam-
ethasone, the timing of the leukapheresis, the donor’s neutrophil count at the
time of collection, or the amount of blood processed during the collection (da-
ta not shown)". Approximately 30% did not receive the mean target dose of at

least 0.6 x 109 granulocytes/kg per transfusion.

The planned target sample size of 118 participants per arm would have provid-
ed 80% power to detect a treatment difference if the true success rate with an-
timicrobial therapy alone was 50%, and the true success rate with the granulo-
cyte treatment arm was 70%. The enrolment achieved was only 114, resulting
in approximately 47% power to detect that difference.The study was stopped
early due to a lower than expected accrual rate. Study inclusion criteria were
liberalised part way through the study (after 31 months) to increase the accru-
al rate. It was not reported how many participants had been recruited before
and after the liberalisation of the inclusion criteria

Price 2015  (Continued)

 
 

Methods Parallel RCT (Between 1973 and 1977) (number of centres not reported) Switzerland

Participants Acute leukaemias and predominantly acute myeloid leukaemia (as first treatment i.e. not refractory
and not relapsed)

Inclusion criteria: Patients with acute leukaemia or blastic phase of chronic myeloid leukaemia if the

neutrophil count was < 0.25 x 109/L, and if infection was documented or strongly suspected. The eligi-
bility criteria for children also required culture-positive microbiology results.

Exclusion criteria: No patient was eligible unless he was under treatment for acute leukaemia

Age range not reported

N = 25 patients included in the analysis, Acute myeloid leukaemia = 23, Acute lymphocytic leukaemia =
2. All participants were receiving induction chemotherapy

Arm 1 (Granulocyte transfusions): N = 13

Scali 1978 
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Arm 2 (Control): N = 12

Interventions Granulocyte dose: average 2.9 x 1010 granulocytes given/day to each patient. Total dose received by

patients from all transfusions 6.6 x 1010, range 1.7 to 14.7 x 1010

Granulocyte method of collection: continuous flow (cell separator) centrifugation

Selection of donors: ABO-compatible

Pre-medication of donors: not reported

Initiation of granulocyte transfusions: neutropenia < 0.5 x 109/L & fever > 380C (at least 3 out of 4
measurements in 24 hours) & antibiotics given for more than 24hrs without response or recurrence af-
ter initial improvement & hypocellular bone marrow aspirate

Frequency of granulocyte transfusions: Daily

Termination of granulocyte transfusions: Not reported. Granulocytes were given for a total mean
number of 2.7 days (range 1 to 5 days).

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s): Not reported

Definition(s) of infection Infections were retrospectively divided into: clinically and microbiologically documented; clinically
definite source of infection (e.g. severe soF tissue infection even if no fever), and fever of unknown ori-
gin.

Definition of neutropenia Neutrophil count < 0.5 x 109/L

Co-interventions Therapeutic antibiotics: All patients received gentamicin: in 21 cases this was combined with
cephalothin or carbenicillin, or both; in 4 cases it was combined with other antibiotics.

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Not reported

Notes Randomised: Patients were not randomised until antibiotics were started for presumed or proven in-
fection and a bone marrow aspirate had been performed that showed a pronounced hypocellularity or
a complete aplasia with lack of myelopoiesis.

Trial registration: none identified

Sources of funding: Not reported

Conflicts of Interest: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of randomisation not reported

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not reported

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

Unclear risk Not reported

Scali 1978  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Unclear whether there was loss to follow-up

Selective reporting (re-
porting bias)

Unclear risk No protocol was available

Other bias Unclear risk Study is poorly reported, therefore the study may be at significant risk of bias.
The more serious infections extending sepsis, pneumonia and soF tissue ab-
scesses were unequally distributed between the two groups and overall were
more common in the granulocyte transfusion group

Scali 1978  (Continued)

 
 

Methods Parallel RCT (1999 to 2005) (multi-centre, 10 centres, only 5 recruited patients)

Participants Inclusion criteria: Haematological malignancy, acquired marrow aplasia or solid tumour; febrile neu-

tropenia (neutrophil count < 0.5 x 109/L and anticipated duration of aplasia > 5 days) after convention-
al chemotherapy or HSCT; pulmonary infiltrates (except exclusive bronchoalveolar lavage-confirmed
detection of virus and interstitial pneumonia) or soF tissue infiltration (> 5 cm diameter) or history
of proven invasive fungal infection according to European Organisation for the Research and Treat-
ment of Cancer and the Mycosis Study Group (EORTC/MSG)-criteria and anticipated duration of neu-
tropenia > 10 days. After an interim review of the study the inclusion criteria was broadened so that pa-

tients could be included before their neutrophil count fell below 0.5 x 109/L. Only 45 of the 72 infection

episodes with complete data sets were randomised when the neutrophil count was < 0.5 x 109/L.

Exclusion criteria: Adult respiratory distress syndrome; septic shock; or participation in another inves-
tigational drug study.

N = 74 participants (79 infection episodes), 67 participants (72 infection episodes) included in the
analysis. 4 participants were lost to follow-up

Mean age 47. Age range 14 to 75 years

Arm 1 (Granulocyte transfusions): N = 39 participants. 40 randomised episodes (1 participant re-ran-
domised). Acute myeloid leukaemia = 27/40, Other leukaemias = 8/40, Other = 5/40. Chemotherapy
19/40, Allogeneic HSCT 18/40, Autologous HSCT = 1/40, Not reported = 2/40

Arm 2 (Control): N = 35 participants. 39 randomised episodes (4 participants re-randomised). Acute
myeloid leukaemia = 20/39, Other leukaemias = 11/39, Other = 8/39. Chemotherapy 13/39, Allogeneic
HSCT 21/39, Autologous HSCT = 2/39, Not reported = 3/39

Interventions Granulocyte dose: minimum recommended was 0.3 x 109/kg body weight (approximately 2 x 1010 for a
70 kg person)

Granulocyte method of collection: continuous flow (cell separator) centrifugation

Selection of donors: HIV1/2, HCV, CMV, HbsAg-negative, no other selection criteria reported

Pre-medication of donors: G-CSF

Initiation of granulocyte transfusions: timing unclear. Median time from randomisation to initiation
of granulocyte transfusions was 4 days (range 1 to 14 days)

Seidel 2008a 
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Frequency of granulocyte transfusions: Every other day, in many centres granulocyte transfusions
were not given at weekends for logistical reasons

Termination of granulocyte transfusions: administration of granulocyte transfusions was discontin-

ued after white cell count had risen to above 1.0 x 109/L 48 hours after the previous granulocyte trans-
fusion

Outcomes Primary Outcome(s): Survival on day 28 after randomisation

Secondary Outcome(s):

successful treatment of the infection

neutrophil increment

adverse effects

incidence of acute and chronic GVHD

Definition(s) of infection No definitions of infection provided

Definition of neutropenia Neutrophil count < 0.5 x 109/L

Co-interventions Therapeutic antibiotics: broad spectrum antibiotics according to local policies

G-CSF: daily 30 to 48 MIU continuously during neutropenic period and concurrently with granulocyte
transfusions

Therapeutic antifungals: not reported

Notes Randomised: not reported. 27 of the randomised infection episodes occurred when the neutrophil

count was > 0.5 x 109/L.

Trial registration: none identified

Sources of funding: not reported. Amgen, Schering and Chugai Pharma provided travel grants

Conflicts of Interest: not reported

Other: The study was closed prematurely due to a dramatic decrease in recruitment rate from 15 on
2001 to 2 in 2005. The predicted sample size based on survival to 28 days was 160 participants (80 in
each study arm) taking into consideration a 10% drop-out proportion). This ws based on the assump-
tion that the estimated survival to 28 days was 60% in the control arm and 80% in the granulocyte
transfusion arm.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not reported

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not reported

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

Unclear risk It was not reported whether participants or clinical personnel were blinded to
the intervention

Blinding of outcome as-
sessment (detection bias) 

Unclear risk It was not reported whether outcome assessors were blinded to the interven-
tion

Seidel 2008a  (Continued)
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The full data set was available for 67 out of 74 patients, and for many of the
study calculations, the authors only looked at those who had a neutrophil

count < 0.5 x 109/L at randomisation (n = 45) [unpublished data from author].

Selective reporting (re-
porting bias)

Unclear risk The protocol was not available to assess whether all pre-specified outcomes
were reported

Other bias High risk The study was closed prematurely due to a dramatic decrease in recruitment
rate from 15 on 2001 to 2 in 2005. The predicted sample size based on sur-
vival to 28 days was 160 participants (80 in each study arm) taking into con-
sideration a 10% drop-out proportion). There was a unit of analysis issue in
this study. 74 participants were randomised to receive or not receive granulo-
cyte transfusions. 5 of these participants were re-randomised. 4 of the 5 were
re-randomised to the control arm, one of these patients received a course of
granulocyte transfusions despite being randomised to the control arm [un-
published data from author].

An interim review of the study changed the inclusion criteria to include peo-
ple who were not neutropenic but expected to become neutropenic, 27 of the
randomised infection episodes in which a full data set was available occurred

when the neutrophil count was > 0.5 x 109/L.

There was an imbalance between the number of episodes in which the neu-

trophil count was > 0.5 x 109/L at randomisation (27 randomised granulocyte
transfusion episodes, 18 randomised control episodes).

40 infection episodes were randomised to receive granulocyte transfusions,
only 33 definitely received granulocyte transfusions, 6 received none and 1 re-
ceived an unknown number of granulocyte transfusions. 39 infection episodes
were randomised to receive no granulocyte transfusions, however 6 episodes
(3 participants) received granulocyte transfusions due to their deteriorating
clinical state.

17 of the 39 episodes (44%) in which granulocyte transfusions were given (33
episodes in which participant was randomised to receive granulocytes) only 1
to 2 granulocyte transfusions were given before neutrophil recovery, suggest-
ing that the potential effect of these granulocyte episodes would be minimal.

The risk of death during a serious infectious episode decreased during the
study period due to the introduction of new antimicrobial agents.

16% of granulocyte transfusions contained less than the minimum recom-

mended dose (0.3 x 109/kg equivalent to 2 x 1010/L for a 70kg person)

Seidel 2008a  (Continued)

 
 

Methods Parallel RCT (December 1973 to April 1976) (multi-centre, 4 centres)

Participants Inclusion criteria: had a suitable donor, culture proven infection, absolute neutrophil count < 0.3 x

109/L, failure to improve after at least 72 hours of appropriate antibiotic therapy, which was defined as
organisms sensitive in vitro to antibiotics being administered

Exclusion criteria: Patients with refractory underlying disease, the attending physician believed that
further antileukaemic therapy would be of no benefit and that granulocyte transfusions would not be
indicated

Vogler 1977 

Granulocyte transfusions for treating infections in people with neutropenia or neutrophil dysfunction (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

44



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

N = 32 patients, 30 included in the analysis (2 patients died on day of randomisation not included in
analysis)

Age range 2 to 78 years. Average 35 years in granulocyte transfusion group and 45 years in control
group. There were 3 children (< 15 years) in the granulocyte transfusion group and 2 children in the
control group.

Arm 1 (Granulocyte transfusions): N = 17 included in the analysis, Acute myeloid leukaemia = 12, Acute
lymphocytic leukaemia = 2, Other = 3

Arm 2 (Control): N = 13, Acute myeloid leukaemia = 10, Acute lymphocytic leukaemia = 2, Other = 1

Type of treatment participants received was not reported.

Interventions Granulocyte dose: 2.7 x 1010 granulocytes given/day to each patient per dose

Granulocyte method of collection: Continuous flow centrifugation

Selection of donors: On the basis of ABO compatibility, best HLA match and health of the donor

Pre-medication of donors: initially donors did not receive pre-medication, subsequently donors were
given either hydrocortisone or dexamethasone as pre-medication 2 hours before the procedure

Initiation of granulocyte transfusions: Antibiotics more than 72 hours without response + culture
positive infection

Frequency of granulocyte transfusions: At least 4 transfusions in an 8-day period. Daily if possible,
but usually omitted at weekends.

Termination of granulocyte transfusions: After 8 days of treatment.

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s):

Response to infection at 21 days

Adverse events

Definition(s) of infection Complete resolution of infectious episode: all evidence of infection must clear within the 21-day pe-
riod. Measurable parameters included resolution of infection, conversion of cultures to negative, and
healing of involved sites

Partial resolution: less than complete clearing but definite clinical improvement in more than one
measurable parameter for the 21-day period

No change: no measurable effect of granulocyte transfusions, or antibiotics, or both in patients surviv-
ing 21 days

Worse: obvious progression of infection or death attributable to infection during the study period

Definition of neutropenia Neutrophil count < 0.3 x 109/L

Co-interventions Therapeutic antibiotics: All patients were given combination antibiotics, most were given carbeni-
cillin, cephalothin and gentamicin

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Not reported

Notes Randomised: when patients had failed to improve after at least 72 hours of appropriate antibiotic ther-
apy. Patients were stratified according to duration of infection (less than 5 days, 5 to 10 days, and more
than 10 days) and type of infection (Pseudomonas or non-Pseudomonas)

Vogler 1977  (Continued)
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Trial registration: none identified

Sources of funding: Grant No. CA 14864 and Grant No. CA 16255 from the National Institutes of Health.

Conflicts of Interest: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not reported.

Allocation concealment
(selection bias)

Unclear risk Patients were randomly assigned by sealed cards. It was not reported whether
envelopes were opaque

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

Unclear risk It was not reported whether participants or clinical personnel were blinded to
the intervention

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

Unclear risk It was not reported whether outcome assessors were blinded to the interven-
tion

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Patients were followed up for at least 22 days. The median survival was 7.7
days in the control group and 22.5 days in the granulocyte transfusion group.

Selective reporting (re-
porting bias)

Unclear risk No protocol was available to assess whether any pre-specified outcomes were
not reported

Other bias Unclear risk There was an imbalance in the number of participants in each study arm (13 in
the control arm versus 17 in the intervention arm).
The average age was younger in the granulocyte transfusion arm (35 years,
range 2 to 75 versus 45 years, range 7 to 78).

Pre-medication to donors (steroids) was started part way through the study.

Vogler 1977  (Continued)

 
 

Methods Parallel RCT (period of enrolment not reported) (Single centre ) USA

Participants Inclusion criteria: Patients with neutrophil count was < 0.5 x109/L, and a documented infection.

Exclusion criteria: Patients with only fever and no documented infections, or patients with fungal or
viral infections

N = 95 patients randomised and analysed

Age range 4 to 81 years. Median 49 years granulocyte transfusion group, 44 years control group.

Arm 1 (Granulocyte transfusions): N = 48 included in the analysis, Acute myeloid leukaemia = 30 , Acute
lymphocytic leukaemia = 1 , Other = 17. Refractory disease = 13.

Arm 2 (Control): N = 47 , Acute myeloid leukaemia = 22 , Acute lymphocytic leukaemia = 10 , Other = 15.
Refractory disease = 11.

Winston 1982a 
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Type of treatment participants received was not reported.

Interventions Granulocyte dose: 0.5x1010/day (range 0.1 to 2.7 x 1010/day)

Granulocyte method of collection: Discontinuous flow centrifugation

Selection of donors: HLA typing results were not used to select prospective donors, selected on basis
of ABO compatibility (related and unrelated donors)

Pre-medication of donors: None

Initiation of granulocyte transfusions: Given within 24 hours of a positive blood culture, the appear-
ance of an infiltrate on chest X-ray, or the initial development of a cellulitis or abscess

Frequency of granulocyte transfusions: Daily

Termination of granulocyte transfusions:

1. Granulocytes >0.5 x109

2. Death of the patient

3. Resolution of infection and antimicrobial therapy was stopped despite neutrophil count < 0.5 x10

Outcomes Primary Outcome(s): Not reported

Secondary Outcome(s):

Overall survival (and at day 5)
Clinical response rates
Duration of time febrile
Adverse events

Definition(s) of infection Documented infection: Either blood culture positive for a gram-positive or gram-negative organism
with clinical features compatible with septicaemia, a lobar or segmental infiltrate on chest X-ray consis-
tent with bacterial pneumonia, or a localised area of cellulitis or abscess formation involving the skin or
other soF tissues.

Septic shock: hypotension, tachypnoea, decreased urine output, or altered mental state

Definition of neutropenia Neutrophil count < 0.5 x109/L

Co-interventions Therapeutic antibiotics: Initial antimicrobial therapy in all patients consisted of an aminoglycoside
(amikacin or netilmicin) plus an antipseudomonal penicillin (carbenicillin or piperacillin). For patients
allergic to penicillin, cefazolin was substituted for penicillin. If a patient had a documented or strong-
ly suspected staphylococcal infection an antistaphylococcal agent was incorporated into the patient's
therapy.

G-CSF: G-CSF not licensed by the Food and Drug Administration (FDA) until 1991.

Therapeutic antifungals: Patients who remained febrile for 7 days or had surveillance cultures pos-
itive for fungi were eligible to receive amphotericin B. 19 patients in the granulocyte transfusion arm
and 14 patients in the control arm received amphotericin B.

Notes Randomised: Patients were not randomised until antibiotics were started for presumed or proven in-
fection

Trial registration: none identified

Sources of funding: Grants HB-62971 from the national Heart, Lung and Blood Institute. CA-23175 and
CA-15688 from the National Cancer Institute of Allergy and Insfections Diseases. Dr. Gale is a Scholar of
the Leukaemia Sociaty of America.

Conflicts of Interest: Not reported
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Other: "The probability of a type 2 error (not obtaining a statistically significant result when there ac-
tually is a difference) was computed for the alternative hypothesis using an assumed true odds ratio of
5.57. This odds ratio was based on previously reported data suggesting that infected patients receiving
granulocyte transfusions have a response rate of 75% and that patients treated with only antimicrobial
therapy have a response rate of 35%. The probability of type 2 error also considered the total number
of favourable responses seen in both the transfused and control patients in the present study"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not reported

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not reported

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

Unclear risk It was not reported whether participants or clinical personnel were blinded to
the intervention

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

Unclear risk It was not reported whether outcome assessors were blinded to the interven-
tion.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk It was unclear how long patients were followed up for and whether any pa-
tients were lost to follow-up

Selective reporting (re-
porting bias)

Unclear risk No protocol was available

Other bias Unclear risk Other sources of bias may have been present but this study was not reported
in sufficient detail to assess the risk

Winston 1982a  (Continued)

CMV: cytomegalovirus
G-CSF: granulocyte colony stimulating factor
HCV: hepatitis C virus
HLA: human leucocyte antigen
HSCT: haematopoietic stem cell transplant
MIU: million international units
po: by mouth
RCT: randomised controlled trial
SD: standard deviation
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adkins 1999 Prophylaxis

Altrichter 2011 Non-randomised study

Ambinder 1981 Compared two types of leukapheresis product
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Study Reason for exclusion

Atay 2011 Non-randomised study

Bhatia 1994 Non-randomised study

Blum 2001 Non-randomised study

CliF 1978 Prophylaxis

Curtis 1977 Non-randomised study

Curtis 1982 Non-randomised study

Diaz 2014 Non-randomised study

Ford 1982 Prophylaxis

Fortuny 1975 Non-randomised study

Freireich 2013 Comparing irradiated versus non-irradiated granulocytes

Gomez-Villagran 1984 Prophylaxis

Granena 1978 Non-randomised study

Graw 1972 Non-randomised study

Graw 1977 Non-randomised study

Hershko 1978 Non-randomised study

Ikemoto 2012 Assessing granulocyte yield in donors

Illerhaus 2002 Non-randomised study

Mannoni 1979 Prophylaxis

Matsue 1984 Non-randomised study

NCT01204788 Prophylaxis

NCT01932710 Non-randomised study

Oymak 2015 Non-randomised study

Oza 2006 Prophylaxis

Pammi 2011 Systematic review

Schiffer 1979 Prophylaxis

Stout 2015 Non-randomised study

Strauss 1981 Prophylaxis

Strauss 2015 Review
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Study Reason for exclusion

Sutton 1982 Prophylaxis

UMIN000014777 Non-randomised study

Winston 1982b Prophylaxis

Witt 2015 Non-randomised study

Yoshihara 2016 Review

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title GRANITE Transfusion of granulocytes for patients with febrile neutropenia

Methods Parallel multi-centre randomised controlled trial in Germany

Planned recruitment 100 participants

Participants Inclusion Criteria

People aged between 1 and 75 years of age

With one of the following diseases:

• acute myeloid leukaemia,

• acute lymphoblastic leukaemia,

• chronic myeloid leukaemia,

• chronic lymphatic leukaemia,

• myelodysplastic syndrome, unspecified,

• chronic myeloproliferative disease,

• follicular (nodular) non-Hodgkin's lymphoma

• diffuse non-Hodgkin's lymphoma

• peripheral T-cell lymphoma

• Multiple myeloma

• Hodgkin's lymphoma

Who have:

• Karnofsky Performance Status > 20%

• Echocardiography ejection-fraction > 40%

• Creatinine clearance > 60mL/min

• Oxygen saturation at least 80%

• Therapy-refractory fever above 38°C without response to standard-therapy for 96 hours

Exclusion Criteria

• Symptomatic coronary heart disease

• Cardiac insufficiency NYHA III or IV

• Lung disease with dyspnoea WHO III or IV

• Oxygen saturation < 80%

• Severe therapy-refractory arterial hypertension

• Non-therapy-induced neutropenia (e.g. aplastic anaemia)

DRKS00000218 

Granulocyte transfusions for treating infections in people with neutropenia or neutrophil dysfunction (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

50



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Active psychiatric disease

• Severe kidney-dysfunction (creatinine-clearance < 60 mL/min)

• Severe hepatic-dysfunction with bilirubin > 2 mg/dL

• Insufficient therapy of a thyroid-dysfunction (T3/T4 out of the reference range)

• Pregnancy or lactation

• Noncontrollable life-threatening bleeding

• Intracerebral process leading to an increase of intracranial pressure (bleeding, infectious disease,
tumour)

• Cerebral convulsions

• Karnofsky Performance Status < 20%

• Participation in the clinical trial in the last 30 days

• Medical or psychiatric condition, which does not allow the patient to participate in the clinical trial

Interventions Arm 1: Intervention-group: Transfusion of standardised apheresis-products of granulocytes on
every other day/alternating days + standard-therapy (antibiotics/antimycotics)
Arm 2: Control-group: standard-therapy without transfusion of granulocytes

Outcomes Primary outcome

Measurement of temperature (auricularly or orally);
Intervention group: 1h before, at starting time and ending of the transfusion of granulocytes, 1h,
12h and 24h after the transfusion.
Control group: 0h (equates to 1h before the transfusion in the intervention group), 12h and 24h
Endpoint: the normalisation of the temperature (measurement intraauricular or oral; <38°C) for
72h

Secondary outcomes

End of neutropenia (not as a consequence of transfusions);
Value of neutrophil granulocytes in a blood sample > 500/μL on two following days in an upward
trend

Starting date Study has not yet opened to recruitment

Contact information Contact for Public or Scientific Queries

Mr. Prof. Dr. med. Kai Hübel
Klinik I für Innere Medizin
Universitätsklinikum Köln
Kerpener Str. 62
50937 Köln
Germany

e-mail: kai.huebel at uni-koeln.de

Mr. Dr. med. Maximilian Fresen

Klinik I für Innere Medizin
Universitätsklinikum Köln
Kerpener Str. 62
50937 Köln
Germany

e-mail: Maximilian.Fresen at uk-koeln.de

Notes Recruitment locations

University Medical Center Klinik I für Innere Medizin, Köln
University Medical Center Klinik für Innere Medizin, Hannover
University Medical Center Klinik für Pädiatrie, Hannover

DRKS00000218  (Continued)
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Funding

Public funding institutions financed by tax money/Government funding body (German Research
Foundation (DFG), Federal Ministry of Education and Research (BMBF), etc.)

Sponsor

Universität zu Köln
Albertus-Magnus-Platz
50923 Köln
Germany

Uni-Köln-478 (Prüfplancode)

Ethics Committee

10-103 , Ethik-Kommission der Medizinischen Fakultät der Universität zu Köln

Trial registrations

DRKS-ID: DRKS00000218

Universal Trial Number (UTN): U1111-1111-9560

EudraCT-No. (for studies acc. to Drug Law): 2009-010700-28

DRKS00000218  (Continued)

NYHA: New York Heart Association
WHO: World Health Organization
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Therapeutic granulocyte transfusions versus no therapeutic granulocyte transfusionsMortality

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Overall mortality (up to 30 days)
fixed effects

6 321 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.54, 1.04]

1.1 Mortality at 20 to 22 days 5 226 Risk Ratio (M-H, Fixed, 95% CI) 0.73 [0.52, 1.02]

1.2 Mortality at 5 days 1 95 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.30, 3.16]

2 Clinical reversal of concurrent in-
fection

5 286 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.81, 1.19]

3 Pulmonary complications 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
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Analysis 1.1.   Comparison 1 Therapeutic granulocyte transfusions versus no therapeutic
granulocyte transfusionsMortality, Outcome 1 Overall mortality (up to 30 days) fixed e:ects.

Study or subgroup Transfusion Control Risk Ratio Weight Risk Ratio

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

1.1.1 Mortality at 20 to 22 days  

Bow 1984 5/13 4/11 7.77% 1.06[0.37,3]

Higby 1975 2/17 14/19 23.71% 0.16[0.04,0.6]

Price 2015 23/54 22/57 38.38% 1.1[0.7,1.73]

Scali 1978 0/13 1/12 2.79% 0.31[0.01,6.94]

Vogler 1977 7/17 9/13 18.29% 0.59[0.3,1.17]

Subtotal (95% CI) 114 112 90.94% 0.73[0.52,1.02]

Total events: 37 (Transfusion), 50 (Control)  

Heterogeneity: Tau2=0; Chi2=9.42, df=4(P=0.05); I2=57.54%  

Test for overall effect: Z=1.87(P=0.06)  

   

1.1.2 Mortality at 5 days  

Winston 1982a 5/48 5/47 9.06% 0.98[0.3,3.16]

Subtotal (95% CI) 48 47 9.06% 0.98[0.3,3.16]

Total events: 5 (Transfusion), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.97)  

   

Total (95% CI) 162 159 100% 0.75[0.54,1.04]

Total events: 42 (Transfusion), 55 (Control)  

Heterogeneity: Tau2=0; Chi2=9.41, df=5(P=0.09); I2=46.87%  

Test for overall effect: Z=1.75(P=0.08)  

Test for subgroup differences: Chi2=0.23, df=1 (P=0.63), I2=0%  

Favours transfusion 100.1 50.2 20.5 1 Favours control

 
 

Analysis 1.2.   Comparison 1 Therapeutic granulocyte transfusions versus no therapeutic
granulocyte transfusionsMortality, Outcome 2 Clinical reversal of concurrent infection.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

Klastersky 1983 11/16 18/23 17.89% 0.88[0.59,1.3]

Price 2015 20/48 21/49 25.17% 0.97[0.61,1.55]

Scali 1978 10/13 10/12 12.59% 0.92[0.62,1.36]

Vogler 1977 10/17 2/13 2.74% 3.82[1.01,14.54]

Winston 1982a 30/48 34/47 41.61% 0.86[0.65,1.14]

   

Total (95% CI) 142 144 100% 0.98[0.81,1.19]

Total events: 81 (Treatment), 85 (Control)  

Heterogeneity: Tau2=0; Chi2=5.19, df=4(P=0.27); I2=22.89%  

Test for overall effect: Z=0.18(P=0.86)  

Favours control 100.1 50.2 20.5 1 Favours granulocytes
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Analysis 1.3.   Comparison 1 Therapeutic granulocyte transfusions versus no
therapeutic granulocyte transfusionsMortality, Outcome 3 Pulmonary complications.

Study or subgroup Granulocytes No gran-
ulocytes

Risk Ratio Weight Risk Ratio

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

Bow 1984 6/13 6/11 0% 0.85[0.38,1.88]

Favours [granulocytes] 100.1 50.2 20.5 1 Favours [no granulocytes]

 
 

Comparison 2.   Sub group analyses for studies transfusing < and ≥ 1 x 1010 granulocytes per transfusion

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Overall mortality (up to 30
days)

6   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 granulocytes < 1 x 1010 2 119 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.46, 2.24]

1.2 granulocytes ≥1 x 1010 4 202 Risk Ratio (M-H, Fixed, 95% CI) 0.70 [0.49, 0.99]

2 Clinical response and reversal
of infection

5   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 granulocytes < 1 x 1010 1 95 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.65, 1.14]

2.2 granulocytes ≥ 1 x 1010 4 191 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.82, 1.39]

 
 

Analysis 2.1.   Comparison 2 Sub group analyses for studies transfusing < and ≥ 1

x 1010 granulocytes per transfusion, Outcome 1 Overall mortality (up to 30 days).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

2.1.1 granulocytes < 1 x 1010  

Bow 1984 5/13 4/11 46.17% 1.06[0.37,3]

Winston 1982a 5/48 5/47 53.83% 0.98[0.3,3.16]

Subtotal (95% CI) 61 58 100% 1.02[0.46,2.24]

Total events: 10 (Treatment), 9 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.92); I2=0%  

Test for overall effect: Z=0.04(P=0.97)  

   

2.1.2 granulocytes ≥1 x 1010  

Higby 1975 2/17 14/19 28.51% 0.16[0.04,0.6]

Price 2015 23/54 22/57 46.15% 1.1[0.7,1.73]

Scali 1978 0/13 1/12 3.35% 0.31[0.01,6.94]

Vogler 1977 7/17 9/13 21.99% 0.59[0.3,1.17]

Subtotal (95% CI) 101 101 100% 0.7[0.49,0.99]

Total events: 32 (Treatment), 46 (Control)  

Heterogeneity: Tau2=0; Chi2=9.2, df=3(P=0.03); I2=67.39%  

Test for overall effect: Z=2.01(P=0.04)  

Favours treatment 200.05 50.2 1 Favours control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

Test for subgroup differences: Chi2=0.73, df=1 (P=0.39), I2=0%  

Favours treatment 200.05 50.2 1 Favours control

 
 

Analysis 2.2.   Comparison 2 Sub group analyses for studies transfusing < and ≥ 1 x 1010

granulocytes per transfusion, Outcome 2 Clinical response and reversal of infection.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

2.2.1 granulocytes < 1 x 1010  

Winston 1982a 30/48 34/47 100% 0.86[0.65,1.14]

Subtotal (95% CI) 48 47 100% 0.86[0.65,1.14]

Total events: 30 (Treatment), 34 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.02(P=0.31)  

   

2.2.2 granulocytes ≥ 1 x 1010  

Klastersky 1983 11/16 18/23 30.63% 0.88[0.59,1.3]

Price 2015 20/48 21/49 43.1% 0.97[0.61,1.55]

Scali 1978 10/13 10/12 21.57% 0.92[0.62,1.36]

Vogler 1977 10/17 2/13 4.7% 3.82[1.01,14.54]

Subtotal (95% CI) 94 97 100% 1.07[0.82,1.39]

Total events: 51 (Treatment), 51 (Control)  

Heterogeneity: Tau2=0; Chi2=5.12, df=3(P=0.16); I2=41.45%  

Test for overall effect: Z=0.48(P=0.63)  

Test for subgroup differences: Chi2=1.15, df=1 (P=0.28), I2=13.35%  

Favours control 100.1 50.2 20.5 1 Favours granulocytes

 
 

Comparison 3.   Sub group analyses for studies published before and aKer the year 2000

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Overall mortality (up to 30 days) 6   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

1.1 Older studies (published before
2000)

5 210 Risk Ratio (M-H, Fixed, 95%
CI)

0.53 [0.33, 0.85]

1.2 Newer studies (published 2000 or
later)

1 111 Risk Ratio (M-H, Fixed, 95%
CI)

1.10 [0.70, 1.73]

2 Clinical response and reversal of in-
fection

5   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only

2.1 Older studies (published before
2000)

4 189 Risk Ratio (M-H, Fixed, 95%
CI)

0.99 [0.80, 1.21]

2.2 Newer studies (published 2000 or
later)

1 97 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.61, 1.55]
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Analysis 3.1.   Comparison 3 Sub group analyses for studies published
before and aKer the year 2000, Outcome 1 Overall mortality (up to 30 days).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

3.1.1 Older studies (published before 2000)  

Bow 1984 5/13 4/11 12.61% 1.06[0.37,3]

Higby 1975 2/17 14/19 38.48% 0.16[0.04,0.6]

Scali 1978 0/13 1/12 4.53% 0.31[0.01,6.94]

Vogler 1977 7/17 9/13 29.68% 0.59[0.3,1.17]

Winston 1982a 5/48 5/47 14.7% 0.98[0.3,3.16]

Subtotal (95% CI) 108 102 100% 0.53[0.33,0.85]

Total events: 19 (Treatment), 33 (Control)  

Heterogeneity: Tau2=0; Chi2=6.11, df=4(P=0.19); I2=34.51%  

Test for overall effect: Z=2.63(P=0.01)  

   

3.1.2 Newer studies (published 2000 or later)  

Price 2015 23/54 22/57 100% 1.1[0.7,1.73]

Subtotal (95% CI) 54 57 100% 1.1[0.7,1.73]

Total events: 23 (Treatment), 22 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.43(P=0.67)  

Test for subgroup differences: Chi2=4.84, df=1 (P=0.03), I2=79.36%  

Favours treatment 200.05 50.2 1 Favours control

 
 

Analysis 3.2.   Comparison 3 Sub group analyses for studies published before
and aKer the year 2000, Outcome 2 Clinical response and reversal of infection.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

3.2.1 Older studies (published before 2000)  

Klastersky 1983 11/16 18/23 23.9% 0.88[0.59,1.3]

Scali 1978 10/13 10/12 16.83% 0.92[0.62,1.36]

Vogler 1977 10/17 2/13 3.67% 3.82[1.01,14.54]

Winston 1982a 30/48 34/47 55.6% 0.86[0.65,1.14]

Subtotal (95% CI) 94 95 100% 0.99[0.8,1.21]

Total events: 61 (Treatment), 64 (Control)  

Heterogeneity: Tau2=0; Chi2=5.24, df=3(P=0.16); I2=42.75%  

Test for overall effect: Z=0.13(P=0.89)  

   

3.2.2 Newer studies (published 2000 or later)  

Price 2015 20/48 21/49 100% 0.97[0.61,1.55]

Subtotal (95% CI) 48 49 100% 0.97[0.61,1.55]

Total events: 20 (Treatment), 21 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.12(P=0.91)  

Test for subgroup differences: Chi2=0, df=1 (P=0.96), I2=0%  

Favours control 100.1 50.2 20.5 1 Favours granulocytes
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A D D I T I O N A L   T A B L E S

Study Number
of partici-
pants

Method of granulo-
cyte procurement

Dose of granulocyte trans-
fusions

Median (Range)

Frequency
of granulo-
cyte trans-
fusions

Granulo-
cytes Irra-
diated

Period of
observa-
tion post
onset of
fever

Donor pre-
medication

Donor selection

Alavi 1977 31 Filtration leukaphere-
sis

3.3 x 1010/m2 children

(Not reported)

3.2 x 1010/m2 adults

(Not reported)

Daily Not report-
ed

1 to 24
hours

Hydrocorti-
sone

Red cell compati-
bility alone

Bow 1984 24 Discontinous flow cen-
trifugation

Mean 0.49 x 1010/m2

SD 0.20a

Not report-
ed

Not report-
ed

72 hours Dexametha-
sone

HLA compatibility

WBC compatibili-
ty/crossmatch

Continous flow cen-
trifugation

0.4 x 1010/m2

(0.2 to 0.8)

Herzig 1977 27

Filtration leukaphere-
sis

1.7 x 1010/m2

(0.6 to 4.6)

Daily Yes

1500 to 2500
rads

variableb None WBC compatibili-
ty/crossmatch

Higby 1975 36 Filtration leukaphere-
sis

2.2 x 1010/m2

(1.1 to 5.0)

Daily Not report-
ed

48 hours Dexametha-
sone

WBC compatibili-
ty/crossmatch

Klastersky
1983

39 Not reported > 1.0 x 1010/m2

(Not reported)

Daily Not report-
ed

24 hours Not report-
ed

Not reported

Price 2015 97 Continuous flow cen-
trifugation

5.5 x 1010

(IQR 2.6 to 7.3)

Daily Yes

1500 to 2500
cGy

variablec G-CSF and
Dexametha-
sone

Red cell compati-
bility alone

Scali 1978 25 Continous flow cen-
trifugation

2.9 x 1010 Daily Not report-
ed

24 hours Not report-
ed

Red cell compati-
bility alone

Table 1.   Characteristics of Studies 
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9

Seidel
2008a

74 Continous flow cen-
trifugation

4.6 x 1010

(0.84 to 11.2)d

Alternate
days

Yes

30Gy

Not report-
ed

G-CSF Not reported

Vogler 1977 30 Continous flow cen-
trifugation

2.7 x 1010

(Not reported)

At least 4
transfusions
in an 8 day
period

Not report-
ed

variablee None, hy-
drocorti-
sone, or
dexametha-
sone

HLA compatibility

WBC compatibili-
ty/crossmatch

Winston
1982a

95 Discontinous flow cen-
trifugation

0.5 x 1010

(0.1 to 2.7)

Daily No variablef None Red cell compati-
bility alone

Table 1.   Characteristics of Studies  (Continued)

aConverted to per m2 by dividing by the estimated adult body surface area (1.79) in adult patients according to Sacco 2010.
bWithin 24 hours of a positive blood culture result.
cEligibility criteria changed during the trial. Initially treatment was within 24 hours of a proven or probable bacterial fungal infection. AFer 31 months this was liberalised within
one week. Time from eligibility to first transfusion was 2.3 ± 1.2 days.
dAssuming weight is 70kg.
eWhen patient had received at least 72 hours of appropriate antibiotics (bactericidal in vitro) to treat organism identified on culture. Five participants had an infection for more
than 10 days (2 control, 3 granulocyte transfusions); 13 participants had an infection for 5 to 10 days (5 control, 8 granulocyte transfusions); and 12 participants had an infection
for 3 to 5 days (6 control, 6 granulocyte transfusions).
fWithin 24 hours of a positive blood culture result, the appearance of an infiltrate on chest X-ray, or the initial development of a cellulitis or abscess.
 
 

Possible or probable infection Localised infections (excluding oral candi-
da)

Systemic infections (Bacteraemia or fungaemiaStudy Number of
participants
analysed

Therapeutic
granulocytes

Control Therapeutic granu-
locytes

Control Therapeutic granulo-
cytes

Control

Alavi 1977 31

(62 febrile
episodes)

2 participants 3 participants 2 participants

2 Abscess or cellulitis

0 Urinary tract infec-
tion

2 participants

1 Abscess or cellulitis

1 Urinary tract infec-
tion

10 participants

1 E. coli

4 Klebsiella

0 Pseudomonas

2 Gram negative (other)

2 Gram-positive

14 participants

4 Pseudomonas

4 Klebsiella

2 E. coli

1 Gram-negative (oth-
er)

3 Gram-positive

Table 2.   Types of infection 
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0

1 Candidaemia 0 Candidaemia

Bow 1984 24 13 11 0 0 0 0

Herzig 1977 27

(30 septic
episodes)

0 0 0 0 9 E. coli

2 Klebsiella

2 Pseudomonas

0 Proteus

0 Neisseria

3 Mixed gram-negative

4 E. coli

4 Klebsiella

1 Pseudomonas

1 Proteus

1 Neisseria

3 Mixed gram-negative

Higby 1975 27

(aged < 45
years)

4 4 3 Pneumonia

4 Abscess (other)

4 Perirectal abscess

1Urinary tract infec-
tion

0 Other

4 Pneumonia

1 Abscess (other)

3 Perirectal abscess

3 Urinary tract infec-
tion

1 Other

5 Bacteraemia 6 Bacteraemia

Price 2015 97 11 Probable
pulmonary
fungal

9 Probable
pulmonary
fungal

2 Pulmonary fungal

3 Sinus fungal

1 Skin/soF tissue
fungal

2 Other fungal

5 Typhilitis

8 Invasive bacterial

2 Pulmonary fungal

0 Sinus fungal

2 Skin/soF tissue
fungal

4 Other fungal

2 Typhilitis

13 Invasive bacterial

14 Bacteraemia

3 Candidaemia

0 Fungaemia (other)

11 Bacteraemia

6 Candidaemia

2 Fungaemia (other)

Scali 1978 25 2 3 3 Pneumonia

5 Abscess

0 Other

1 Pneumonia

0 Abscess

3 Other

3 Bacteraemia 5 Bacteraemia

Table 2.   Types of infection  (Continued)
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1

Seidel 2008a 67

(72 episodes)

Probable fungal infection. As-
pergillus 32, Aspergillus & Can-
dida 1, Other 3

Unidentified infection 12

Detected fungal infection. Aspergillus 15, Candida 3, Both 1

Detected bacterial. Pseudomonas 2, Staph. aureus 1, Other (not defined) 2

Vogler 1977 30 0 0 7

(perirectal, skin, pulmonary, renal tract)

4 Pseudomonas

8 Other

3 Pseudomonas

8 Other

Winston
1982a

95 0 0 4 Pneumonia

7 Celluluitis/abscess

5 Pneumonia

3 Celluluitis/abscess

12 E. coli

11 Klebsiella

4 Pseudomonas

0 Proteus

1 Gram negative (other)

4 Mixed gram-negative

5 Gram-positive

10 E. coli

5 Klebsiella

12 Pseudomonas

1 Proteus

3 Gram negative (oth-
er)

5 Mixed gram-negative

3 Gram-positive

Table 2.   Types of infection  (Continued)
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Study Study definitions of resolution of infection

Klastersky 1983 Improved - Lasting return of temperature, signs and
symptoms to normal or to pre-infectious state.

Temporarily improved - As for "Improved" but
with relapse in 3-6 days despite continuing an-
tibiotic therapy.

Price 2015 Participant had to meet two criteria:

1. survival for 42 days after randomisation

2. clinical response of the study-qualifying infection assessed at 42 days.

• bloodstream infections was defined as a negative blood culture

• invasive bacterial or fungal infections, was defined as resolution or improvement of clinical evidence of
infection by clinical, laboratory and radiographic parameters. Assessment of response was by a blinded
adjudication panel.

Scali 1978 Not further defined

Vogler 1977 Complete resolution of infectious episode: all ev-
idence of infection must clear within the 21-day pe-
riod. Measurable parameters included resolution of
fever, conversion of cultures to negative and healing
of involved sites.

Partial resolution: less than complete clearing
but definite clinical improvement in more than
one measurable parameter for the 21-day peri-
od.

Winston 1982a Resolution of septicaemia - afebrile, antimicrobials have been stopped, and follow-up blood cultures
were negative

Resolution of pneumonia - afebrile, clinical and radiological improvement, and antimicrobials have been
stopped

Resolution of cellulitis or an abscess - afebrile, no remaining localising signs of an infection, and antimi-
crobials have been stopped

Table 3.   Study definitions of resolution of infection 

 
 

Study Definition of febrile
day

Number of par-
ticipants

Number of febrile days
(Granulocyte transfu-
sions)

Number of febrile days

(Control)

Bow 1984 Not reported 24 Mean 9.1

SD ± 3.0

Mean 12.9

SD ± 7.0

Higby 1975 Not reported 36 All 16 patients who survived
to day 10 were afebrile

All 11 patients who survived to day
10 were febrile. All 5 patients who
survived to day 20 were febrile

Scali 1978 Fever over 38 ° C in
minimal 3 of 4 mea-
surements within 24
hours

25 Mean 4.9

SD 5

Mean 8.3

SD 4

Winston 1982a Not reported 97 Median 8

(range 1 to 36 days)

Median 5

(range 1 to 34 days)

Table 4.   Length of time with fever 
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SD: standard deviation
 
 

Study Number of
participants

Total number
of transfusions
(Number of
transfusions
increment re-
ported if dif-
fered)

Type of collection Corrected Count Incre-
ment (Range)

Absolute neu-
trophil Incre-
ment (1 hour)

Mean (SD)

Alavi 1977 31 176

(48)

Filtration leukapheresis mean 0.13 x 109/L

(0 to 0.67)

Not reported

Herzig 1977 27 197 129 - leukapheresis

68 - centrifugation

leukapheresis 0 x 109/L

(0 to 0.40)

centrifugation 0.13 x

109/L

(0 to 0.90)

Not reported

Higby 1975 36 68 Filtration leukapheresis 0.26 x 109/L

(0.05 to 3.00)

Not reported

Price 2015 97 316

(209)

Continuous flow centrifuga-
tion

Not reporteda Not reported*

Scali 1978 25 32 Continous flow centrifugation Not reported 0.68 ± 0.33 x 109/
L

Seidel 2008a 67 Not reported Continous flow centrifugation Not reported 0.48 x 109/L

Vogler 1977 30 62b Continuous flow centrifuga-
tion

Not reportedc Not reportedc

Winston
1982a

95 Not reported Discontinuous flow centrifuga-
tion

89

(0 to 841)

Not reported

Table 5.   Increment of neutrophil count 

aIn a generalised linear model for post-transfusion absolute neutrophil count increment performed by the study authors, including both

granulocyte dose/kg and time from product collection to administration, each additional 109 cells/kg administered was associated with

an additional 1.75 x 109/L neutrophil count increment (P < 0.001) and each additional hour from collection to transfusion was associated

with a 0.08 x 109/L lower increment (P = 0.056).
bDerived from figure 3 in the study publication (Vogler 1977).
cA scattergram showed a positive correlation between the number of granulocytes transfused and 1 hour increments but the corrected
count increment was not reported.
 
 

Study Number of participants re-
ceiving granulocyte transfu-
sions

Number of gran-
ulocyte transfu-
sions

Donor events Recipient events

Table 6.   Serious adverse events related to donor or recipients 
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Alavi 1977 12 176 Not reported 1 Laryngospasm

Higby 1975 17 68 0 0

Price 2015 56 316 Not reported 1 Hypoxia requiring ventilatory sup-
port

Table 6.   Serious adverse events related to donor or recipients  (Continued)

 
 

Study Number of partic-
ipants receiving
granulocyte trans-
fusions

Donor events Recipient events

Alavi 1977 12 Not reported 2 participants developed urticaria

28/176 (16%) transfusions associated with fever

12/176 (7%) of transfusions associated with chills but no fever

Herzig 1977 15 Not reported < 10/68 (15%) obtained by continuous flow centrifugation

> 96/129 (75%) obtained by leukapheresis were associated with
transfusion reactions (fevers or chills)

Higby 1975 17 14/67 faintness

1/67 chills

4/67 nausea

2/67 fainted

1/67 arm pain

40/68 transfusions associated with fever

Price 2015 56 Not reported 41% of participants had mild to moderate reactions (grade 1 to
2) - fever, chills or changes in blood pressure

9 more severe reactions (grade 3 to 4), 6 hypoxia, 1 tachycardia,
1 hypotension, 1 allergic reactions

Vogler 1977 32 2 chills

3 periorbital tin-
gling

3 faintness

2 headache

No dyspnoea

No febrile reactions

Winston 1982a 48 Not reported 19 participants, 12 had fever and chills; 2 had fever, chills and a
rash; 1 rash only; 4 dyspnoea

Table 7.   Other adverse events 
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A P P E N D I C E S

Appendix 1. CENTRAL search strategy (2008 to 2016)

#1 MeSH descriptor: [Granulocytes] explode all trees
#2 transfus*
#3 #1 and #2
#4 MeSH descriptor: [Granulocytes] explode all trees and with qualifier(s): [Transplantation - TR]
#5 MeSH descriptor: [Leukocyte Transfusion] this term only
#6 (buCy coat* or leukocyt* or leucocyt* or neutrophil* or white blood cell* or white cell* or eosinophil* or basophil*) near/5 (transfus*
or infus*)
#7 (granulocyte* near/5 (transfus* or infus* or concentrate*))
#8 #3 or #4 or #5 or #6 or #7

Appendix 2. MEDLINE (Ovid) search strategy (2008 to 2016)

1. exp Granulocytes/ and transfus*.mp.
2. (granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil* or eosinophil* or basophil*) adj
concentrate*)).tw.
3. ((granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil* or eosinophil* or basophil*)
adj5 (transfus* or infus*)).tw.
4. exp Granulocytes/tr
5. Leukocyte Transfusion/
6. 1 or 2 or 3 or 4 or 5

Appendix 3. Embase (Ovid) search strategy (2008 to 2016)

1. (granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil* or eosinophil* or basophil*) adj
concentrate*)).tw.
2. ((granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil* or eosinophil* or basophil*)
adj5 (transfus* or infus*)).tw.
3. Leukocyte Transfusion/
4. exp Granulocyte/ and transfus*.mp.
5. Granulocyte Transfusion/
6. or/1-5

Appendix 4. CINAHL (NHS Evidence) search strategy (2008 to 2016)

S1 (MH "Granulocytes+")
S2 TX transfus*
S3 S1 AND S2
S4 TI (((granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil* or eosinophil* or basophil*) N1
concentrate*)) OR AB (((granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil* or eosinophil*
or basophil*) N1 concentrate*))
S5 TI (((granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil* or eosinophil* or basophil*)
N5 (transfus* or infus*))) OR AB ( ((granulocyte* or buCy coat* or leukocyt* or leucocyt* or white blood cell* or white cell* or neutrophil*
or eosinophil* or basophil*) N5 (transfus* or infus*)))
S6 (MH "Granulocytes+/TR")
S7 S3 OR S4 OR S5 OR S6

Appendix 5. LILACS search strategy (2008 to 2016)

tw:(granulocyte OR granulocytes OR basophil OR basophils OR eosinophil OR eosinophils OR white cell transfusion OR white blood cell
transfusion) AND ( db:("LILACS") AND type_of_study:("clinical_trials"))

Appendix 6. KoreaMed and PakMediNet search strategy (2008 to 2016)

granulocyte* [TI] AND transfus* [ALL]
OR
white cell*[TI] AND transfus*[ALL]
OR
white blood cell*[TI] AND transfus*[ALL]
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Appendix 7. IndMed search strategy (2008 to 2016)

(granulocyte OR granulocytes OR white cell OR white cells OR white blood cell OR white blood cells OR leucocyte OR leucocytes OR
leukocyte OR leukocytes) AND (transfusion OR transfused OR transfusions OR transfusing) AND (randomised OR randomized OR randomly
OR blind OR blinded OR trial OR allocation OR allocated OR assigned OR control group OR controlled study OR intervention)

Appendix 8. Transfusion Evidence Library search strategy (2008 to 2016)

title:granulocyte OR title:granulocytes OR keywords:granulocyte OR keywords:granulocytes OR keywords:"white cell transfusion" OR
keywords:"white blood cell transfusion" OR keywords:"leukocyte transfusion"

Appendix 9. ClinicalTrials.gov & ICTRP Search Strategy (2008 to 2016)

Search Terms: granulocyte transfusion
OR
Intervention: granulocyte transfusion OR white cell transfusion OR leukocyte transfusion OR granulocytes OR white cells OR leukocytes

Appendix 10. ISRCTN search strategy (2008 to 2016)

(leukocyte% OR leucocyte% OR granulocyte% OR white blood cell% OR white cell% OR basophil% OR eosinophil%) AND transfus%
OR
granulocyte transfusion% OR white cell transfusion% OR white blood cell transfusion% OR leucocyte transfusion%

Appendix 11. Original search strategies (Stanworth 2005)

CENTRAL Search Strategy

#1 LEUKOCYTE TRANSFUSION explode all trees (MeSH)
#2 GRANULOCYTES explode all trees (MeSH)
#3 BLOOD TRANSFUSION explode all trees (MeSH)
#4 #2 AND #3
#5 (granulocyt* OR buCy coat OR leukocyt* OR leucocyt* OR neutrophil OR white blood cell*) NEAR (transfus* OR infus*)
#6 #1 OR #4 OR #5
#7neutrop* OR leukop* OR leukocyto* OR leucop* OR granulop* OR agranulocyto* OR granulocyto* OR prophyla* OR prevent* OR infect*
#8 #6 AND #7

MEDLINE Search Strategy

1. LEUKOCYTE-TRANSFUSION#.DE.
2. GRANULOCYTES#.DE. AND BLOOD-TRANSFUSION#.DE.
3. GRANULOCYT$2 NEAR (TRANSFUS$4 OR INFUS$4)
4. BUFFY ADJ COAT NEAR (TRANSFUS$4 OR INFUS$4)
5. LEUKOCYT$2 NEAR (TRANSFUS$4 OR INFUS$4)
6. LEUCOCYT$2 NEAR (TRANSFUS$4 OR INFUS$4)
7. NEUTROPHIL$2 NEAR (TRANSFUS$4 OR INFUS$4)
8. WHITE ADJ BLOOD ADJ CELL$1 NEAR (TRANSFUS$4 OR INFUS$4)
9. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8
10. NEUTROP$5 OR GRANULOCYTOP$5 OR GRANULOP$5 OR AGRANULOCYTOP$5 OR PROPHYLA$8 OR INFECT$4 OR PREVENT$4
11. 9 AND 10

Embase Search Strategy

1. GRANULOCYTE#.MJ. AND BLOOD-TRANSFUSION#.MJ.
2. GRANULOCYTE-TRANSFUSION.DE.
3. LEUKOCYTE-TRANSFUSION.DE.
4. GRANULOCYT$2 NEAR TRANSFUS$4
5. BUFFY ADJ COAT NEAR TRANSFUS$4
6. LEUKOCYT$2 NEAR TRANSFUS$4
7. LEUCOCYT$2 NEAR TRANSFUS$4
8. NEUTROPHIL$2 NEAR TRANSFUS$4
9. WHITE ADJ BLOOD ADJ CELL$1 NEAR TRANSFUS$4
10. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9
11. NEUTROP$5 OR GRANULOCYTONEUTROP$5 OR GRANULOCYTOP$5 OR GRANULOP$5 OR AGRANULOCYTOP$5 OR PROPHYLA$8 OR
INFECT$4 OR PREVENT$4
12. 10 AND 11
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W H A T ' S   N E W

 

Date Event Description

17 July 2018 Review declared as stable One ongoing study (DRKS00000218) was identified previously
but stopped before recruitment started. No other new studies
expected on this topic.

 

H I S T O R Y

Protocol first published: Issue 1, 2004
Review first published: Issue 3, 2005

 

Date Event Description

11 February 2016 New citation required and conclusions
have changed

There is no longer a difference in overall mortality between par-
ticipants who received granulocyte transfusions compared to
those that did not with the additional data from Price 2015.

'Risk of bias' assessment of all included studies updated.

'Summary of findings' table added. PRISMA flow diagram added
(Stovold 2014).

11 February 2016 New search has been performed New search, three new included trials were added, two com-
pleted studies were identified in the updated search (Price
2015; Seidel 2008a), and one ongoing study was identified
(DRKS00000218)

8 June 2010 New search has been performed Searches run in May 2009. One small Phase III RCT identified with
poor recruitment (yet to be classified). A much larger on-going
trial also identified. The review will be fully updated when data
from this large multi-centre trial is available.

14 October 2008 Amended Converted to new review format.

20 May 2005 New citation required and conclusions
have changed

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

For continuous outcomes we planned to record the mean and standard deviations, and total number of participants in both the treatment
and control groups. For continuous outcomes measured using the same scale, we planned to report the eCect measure mean diCerence
(MD) with 95% CIs, or the standardised mean diCerence (SMD) for outcomes measured using diCerent scales. No continuous outcomes
were reported.

For time-to-event outcomes we planned to extract the hazard ratio (HR) from published data according to Parmar 1998 and Tierney 2007.
However, no time-to-event data were reported.

We did not perform a formal assessment of potential publication bias (small-trial bias) by generating a funnel plot and statistically using
a linear regression test (Sterne 2011) as no meta-analysis contained 10 or more studies.

We did not pre-specify in the protocol how we would deal with unit of analysis issues. There were several unit of analysis issues within
the included trials. Three trials re-randomised patients or analysed the number of febrile episodes rather than the patient and these trials
were not included in the quantitative analysis (Alavi 1977; Herzig 1977; Seidel 2008a).

We clarified that mortality would be reported up to 30 days.

We clarified that reversal of concurrent infection included both resolution of infection and improvement of clinical infection.

We used GRADE to build a 'Summary of findings' table as recommended in the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2011). This included the following domains.

• Death from all causes up to 30 days from the start of the study

• Clinical reversal of concurrent infections

• Length of time with fever

• Number of days on therapeutic antibiotics

• Number of serious adverse events

• Number of adverse events requiring discontinuation of treatment

• Quality of life

A GRADE assessment had not been pre-specified in the protocol.

Di:erences between the protocol and the review due to lack of data

We intended to assess the robustness of our findings by the following two sensitivity analyses.

• Including only those trials at low risk of bias

• Including only those trials in which 20% participants or less were lost to follow-up.

A sensitivity analysis including only those studies at low risk of bias was not performed because none of the studies were at low risk of bias.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

Cause of Death;  Granulocytes  [*transplantation];  Infections  [etiology]  [mortality]  [*therapy];  Leukocyte Transfusion;  Neutropenia
 [*complications];  Randomized Controlled Trials as Topic

MeSH check words

Adult; Child; Humans
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