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Abstract

This article reports the findings of a survey developed to assess the current use of

antifungal prophylaxis among haematology and infectious disease clinicians across

Australia and New Zealand, and their alignment with existing consensus guidelines for

the use of antifungal agents in the haematology/oncology setting (published 2008).

Surveyed clinicians largely followed the current recommendations for prophylaxis in the

setting of induction chemotherapy for acute myeloid leukaemia, as well as autologous

and low-risk allogeneic haemopoietic stem cell transplantation (HSCT). In keeping with

guideline recommendations, posaconazole was the agent used by most centres for

high-risk allogeneic HSCT. However, its routine continuation for 75–100 days post-

transplantation without de-escalation suggested use beyond those indications described

in the 2008 guidelines, namely pre-engraftment neutropenia and graft-versus-host

disease. Variations in practice were observed in other settings, such as acute lymphoblastic

leukaemia and myelodysplastic syndrome, reflecting the general lack of evidence for

antifungal prophylaxis in these patient populations and changing perceptions of risk.

With regard to the availability of testing in cases of suspected breakthrough IFD, 40% of

centres did not have access to investigative bronchoscopy within 48 h of referral, and

results of Aspergillus galactomannan (GM), fungal polymerase chain reaction and thera-

peutic drug monitoring (TDM) were not available within 48 h in 83%, 90% and 85% of

centres respectively. The survey’s findings will influence the recommendations provided

in the updated 2014 consensus guidelines for the use of antifungal agents in the

haematology/oncology setting.

Introduction

Invasive fungal disease (IFD) remains a significant pro-
blem in patients undergoing chemotherapy for haemato-

logical malignancies and allogeneic haemopoietic stem
cell transplant (HSCT) recipients.1 These infections incur
substantial morbidity and mortality.2 Accordingly, a range
of preventative approaches have been employed in clinical
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haematology and transplant units to reduce the incidence
of IFD and improve clinical outcomes. In Australia and
New Zealand, antifungal prophylaxis remains the most
common preventative strategy.

The Australian and New Zealand consensus guidelines
for the use of antifungal agents in the haematology/
oncology setting were first published in 2004 and
updated in 2008.3,4 These guidelines were developed to
assist clinicians to identify and stratify patients at risk of
IFD, and to provide evidence-based recommendations for
the prophylactic and therapeutic use of antifungal agents.
The current guidelines (see accompanying articles pub-
lished elsewhere in this supplement for 2014 update)
seek to keep clinicians abreast of best practice within the
context of the evidence base now available.

Before updating these consensus recommendations,
we first sought to survey clinicians to ascertain the
current nature and scope of antifungal prophylaxis prac-
tice throughout Australia and New Zealand, and to assess
the extent of alignment with the most recently published
guidelines (2008). We also sought to identify the avail-
ability and timeliness of newer diagnostic tests and thera-
peutic drug monitoring (TDM). These findings were then
used to help inform the recommendations provided in
the 2014 consensus guidelines.

Methodology

Survey population

Haematologists, infectious disease specialists and phar-
macists were invited to participate in this survey given
that they represent the main providers of clinical support
to patients with haematological malignancies and/or
undergoing HSCT. These professionals also represent the
key personnel involved in the development and applica-
tion of hospital-based antifungal protocols and clinical
decision support.

Survey tool

An online survey (using Survey Monkey®, Paulo Alto,
CA, USA) was developed in consultation with members
of the Australian-New Zealand Mycology Interest Group
and the Australasian Leukaemia Lymphoma Group
(ALLG). The membership base of both these organisa-
tions represent a range of disciplines involved in clinical
research, supportive care and guideline development for
patients with haematological malignancies. The final
piloted survey consisted of 15 questions and took less
than 10 minutes to complete. The survey was distributed
electronically to those members of the ALLG (n = 340)
and to approximately 800 members of the Australian

Society of Infectious Diseases (ASID) who were regis-
tered subscribers of an online email discussion group
(‘OzBug’).

Survey analysis

Participation in the survey was voluntary, and individual
respondents and their affiliated institutions were
de-identified. Survey responses were collated and ana-
lysed using IBM SPSS (version 22.0, Armonk, NY: IBM
Corp.).5 Given the aim of the survey, the number and
percentage of respondents (and centres, where relevant)
ascribing to a particular practice were sufficient for
describing the current state of clinical practice through-
out Australia and New Zealand.

Results

Survey response

A total of 50 clinicians from 31 institutions (30 adult and
one paediatric hospital) completed the survey. All Aus-
tralian state and territory jurisdictions except Tasmania
were represented, including nine institutions from NSW,
nine from Victoria, seven from Queensland, two from
South Australia and one institution each from the Aus-
tralian Capital Territory, Northern Territory and Western
Australia. One institution from New Zealand was also
represented. The majority of respondents were haema-
tologists (61%; 31/50), with the remainder either infec-
tious disease specialists (n = 17) or pharmacists (n = 2).

Several institutions had more than one respondent.
Responses from the same institution varied between spe-
cialists and within the same specialty at these institutions.
This variability was seen with respect to prophylaxis
agent chosen, duration of prophylaxis and patient popu-
lation requiring prophylaxis, especially in less well-
defined risk groups, such as lymphoma. Results,
however, were consistent when analysed by individual
hospital.

Some respondents did not answer one or more ques-
tions. As such, the number of responses received per
clinical topic is shown where relevant in the results fol-
lowing and taken into consideration when interpreting
the survey’s findings.

Use of existing guidelines

All respondents, except one, stated that the previously
developed guidelines assisted in the formulation of local
protocols. In contrast, local data were available and uti-
lised in only 65% (20/31) of hospitals.
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Current use of antifungal prophylaxis by
patient population

Acute myeloid leukaemia

The majority of respondents (90%; 35/39 representing
22 hospitals) used posaconazole prophylaxis for induc-
tion chemotherapy. The other antifungal agents used
included fluconazole (n = 2), itraconazole (n = 1) and
liposomal amphotericin B (n = 1). Forty-one per cent
(16/39) of respondents commenced prophylaxis on
admission, while 44% (17/39) aligned the start of
prophylaxis with the start of chemotherapy. Forty-three
per cent of respondents (10/23) ceased prophylaxis upon
resolution of neutropenia (neutrophil counts at least
>500 cells/mm3).

Most respondents (79%; 30/38) also preferred posa-
conazole for prophylaxis during consolidation chemo-
therapy with the timing of commencement and cessation
similar to induction.

It is also worth noting that prophylaxis with
fluconazole, which has no activity against moulds, was
used during consolidation chemotherapy in three hospi-
tals and during induction in one hospital.

Blood and marrow transplantation

Allogeneic HSCT was performed in 13 of the hospitals
represented in the survey (22 respondents). Most
respondents (68%; 15/22) prescribed fluconazole
prophylaxis for those patients deemed to be at a low to
moderate risk of IFD. Those respondents who used
prophylaxis in this setting generally continued it for a
period of 75–100 days (72%; 16/22). Respondents pre-
scribed anti-mould prophylaxis with posaconazole (68%;
15/22), voriconazole (5%; 1/22) or itraconazole (14%;
3/22) for patients at high risk of IFD for a period of
75–100 days (64%; 14/22) following transplantation.

Multiple factors influenced the decision to commence
antifungal prophylaxis in patients with graft-versus-host
disease (GVHD) post-allogeneic HSCT, including the
grading of GVHD, overall level of immunosuppression
and steroid dose >20 mg/day. Severity of symptoms was
considered important by less than half of the clinicians
surveyed (40%; 9/22), while five respondents used addi-
tional unspecified criteria to inform their decision. Simi-
larly, a composite endpoint informed the cessation of
antifungal prophylaxis, including absence of symptoms
for more than 3 months, cessation of immunosuppres-
sant agents/modulators and a steroid dose requirement of
<20 mg/day.

Autologous HSCT was performed in 18 of the hospitals
represented by respondents and fluconazole prophylaxis
used by all. Although the absolute indications for mould-

active prophylaxis differed between hospitals, the most
common indications were transplantation in the setting
of relapsed or refractory disease, or the need for high-
dose corticosteroids.

Acute lymphocytic leukaemia

Induction chemotherapy for acute lymphocytic leukae-
mia (ALL) was deemed to place patients at higher risk for
IFD by clinicians with 53% (18/34) of respondents using
anti-mould prophylaxis in this setting. Agents used
included liposomal amphotericin B (n = 15) and
posaconazole (n = 3). Two respondents did not use
prophylaxis, with the remaining clinicians prescribing
fluconazole (41%; 14/34). During maintenance chemo-
therapy for ALL, 34% (11/33) of respondents used no
prophylaxis, while 52% (17/33) used fluconazole
prophylaxis. Irrespective of cycle of chemotherapy, most
respondents initiated prophylaxis around the commence-
ment of chemotherapy and ceased prophylaxis upon
resolution of neutropenia (neutrophil counts at least
>500 cells/mm3).

Other haematological malignancies

Table 1 shows the antifungal agent chosen and general
indications for commencement of prophylaxis in the
setting of Burkitt’s lymphoma, non-Hodgkin lymphoma
(NHL), Hodgkin lymphoma, chronic lymphocytic leukae-
mia, aplastic anaemia and myelodysplastic syndrome
(MDS). Percentages did not change substantially when
limited to hospital unit. Overall, fluconazole – rather
than anti-mould prophylaxis – was the most common
agent used, irrespective of malignancy. The perceived risk
factors for IFD within the setting of a particular malig-
nancy varied among respondents, with the exception of
chemotherapy intensification for NHL, which was
accepted by all as a definite requirement for antifungal
prophylaxis.

Breakthrough IFD

There was a direct association between the antifungal
agent chosen for prophylaxis and the agent subsequently
chosen for empiric therapy of breakthrough IFD.
Respondents switched patients receiving posaconazole or
voriconazole prophylaxis to liposomal amphotericin B
(60%; 19/32), an echinocandin (9%; 3/32) or combina-
tion therapy (16%; 5/32). In the setting of itraconazole or
fluconazole prophylaxis, most respondents (73%; 22/30)
switched patients to voriconazole, with the remaining
opting for liposomal amphotericin B (n = 7) or
posaconazole (n = 1).
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Availability of testing

Respondents were able to provide information on the
availability of testing in 20 hospitals around Australia and
New Zealand. Respondents from all 20 hospitals reported
that they were able to obtain a computed tomography
(CT) scan within 48 h as part of their diagnostic work-up
for suspected breakthrough IFD (Table 2). Although
bronchoscopy was also available in all 20 hospitals, the
procedure was generally not performed until 3–5 days
after referral in eight (40%) of these sites. With respect to
newer diagnostic and TDM modalities, only a minority of
hospitals (35%; 7/20) had these available on-site. The
direct consequence of this was longer turnaround times,
with the majority of results only available after 3–5 days.

Discussion

A recognised strength of the 2008 consensus guidelines
was the recommendation that clinicians use a risk strati-
fication approach to identify which HSCT recipients and
patients with haematological malignancies were at high,
intermediate or low risk of IFD, and to inform the need
for antifungal prophylaxis.6 Within this schema, those
ranked at highest risk of IFD include matched unrelated
or mismatched allograft recipients, umbilical cord donor
graft recipients, allogeneic HSCT recipients on immuno-
suppression for acute grade 2–4 or chronic extensive
GVHD, and patients with acute myeloid leukaemia
(AML) receiving cytarabine-based chemotherapy regi-
mens for remission induction or re-induction.7 Those
AML patients receiving intensive consolidation treatment
were also considered at high risk for IFD.

It was recommended that high-risk patients receive
anti-mould prophylaxis, based on good levels of evidence
generated from well-designed randomised controlled
trials and meta-analyses in these populations over the
last two decades.8–10 Only two agents could be recom-
mended in the 2008 guidelines (posaconazole or itra-
conazole) as no published data existed for voriconazole
prophylaxis at that time. Survey responses indicate a high
level of compliance with this recommendation, with
posaconazole the predominant agent used. The use of
voriconazole as primary prophylaxis remains low but was
reported as the preferred agent for therapy in patients on
a first-generation azole (fluconazole or itraconazole) with
suspected breakthrough IFD.

Similar recommendations were made in 2008 for
patients with MDS receiving anthracycline or cytarabine

Table 1 Respondents (%) using antifungal prophylaxis in various haematological malignancies and agent used

Indications for use of prophylaxis

BL NHL HL CLL AA MDS
n = 27 (%) n = 28 (%) n = 24 (%) n = 21 (%) n = 27 (%) n = 23 (%)

Refractory or relapsed disease 44 46 38 38 37 49

Chemotherapy intensification 78 100 50 48 26 49

T-cell depleting chemotherapy 30 43 25 62 63 22

High-dose corticosteroids 48 61 46 48 44 13

Other 11 7 13 24 34 49†

Agent used when prescribed

Liposomal amphotericin B 4 0 0 0 0 0

Fluconazole 89 89 96 71 59 30

Itraconazole 0 0 0 0 4 4

Voriconazole 4 7 4 8 0 0

Posaconazole 4 4 0 19 37 65

†Other indications for antifungal prophylaxis in myelodysplastic syndrome were not specified. AA, aplastic anaemia; BL, Burkitt’s lymphoma; CLL, chronic

lymphocytic leukaemia; HL, Hodgkin’s lymphoma; MDS, myelodysplastic syndrome; NHL, non-Hodgkin lymphoma.

Table 2 Availability of tests for the investigation of patients with a sus-

pected breakthrough fungal infection (number of hospitals (%))

Availability Investigation

GM PCR CT BAL TDM

On-site 7 (35) 7 (35) 20 (100) 20 (100) 7 (35)

Send away 10 (50) 12 (60) 0 (0) 0 (0) 13 (65)

Not available 3 (15) 1 (5) 0 (0) 0 (0) 0 (0)

Timing of results

availability

GM PCR CT BAL TDM

<48 h 3 (15) 2 (10) 20 (100) 12 (60) 3 (15)

3–5 days 6 (30) 11 (55) 0 (0) 8 (40) 15 (75)

>7 days 11 (55) 6 (30) 0 (0) 0 (0) 2 (10)

Not stated 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

BAL, bronchoalveolar lavage; CT, chest computer tomography; GM,

Aspergillus galactomannan; PCR, Aspergillus polymerase chain reaction;

TDM, azole therapeutic drug monitoring.
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chemotherapy based on a comparable IFD risk to AML.11

However, unlike AML, indications for prophylaxis were
not as well defined, which may explain why choice of
agent is more varied among those surveyed. Alterna-
tively, current prophylaxis usage may reflect changes in
MDS patient care following the introduction of DNA
hypomethylating agents (such as azacitidine) as frontline
or salvage therapy.12 IFD risk in these patients remain
poorly defined but are perceived to be high.13

All survey respondents from centres performing
autologous HSCT reported using fluconazole when
prophylaxis was considered necessary. The majority of
standard-risk and high-risk allogeneic HSCT received
fluconazole (68%) and posaconazole (75%) prophylaxis
as recommended and were routinely continued for
75–100 days post-transplant in most cases. The survey
was unable to gauge whether further risk stratification or
prophylaxis modification, as recommended in the 2008
guidelines, was followed. Improved local surveillance
efforts should be encouraged as respondents reported
that only two-thirds (65%) of hospitals use local data to
inform the development of local protocols. This will also
assist in defining IFD epidemiology in the post-transplant
period and facilitate stewardship efforts to align day-to-
day practice with the consensus guidelines.14

Evidence to guide the choice and duration of antifun-
gal prophylaxis in settings other than AML and HSCT is
limited, with no formal recommendations made based on
malignancy type in 2008. Nevertheless, the survey iden-
tified that clinicians are currently prescribing prophylaxis
for patients with lymphomas (Burkitt’s, NHL and
Hodgkin lymphomas), chronic lymphocytic leukaemia
and aplastic anaemia. Chemotherapy intensification,
refractory or relapsed disease, and therapy resulting in
T-lymphocyte depletion were cited as the most common
indications for antifungal prophylaxis. In all conditions,
fluconazole was the preferred agent. These findings indi-
cate the need for further research to define the epidemi-
ology of IFD outside the standard risk groups to better
inform the use of prophylaxis and choice of agent.

Patients with acute lymphoblastic leukaemia (ALL)
have been under-represented in antifungal prophylaxis
studies because it is a less common diagnosis in adults
than AML/MDS. Potential drug–drug interactions and
serious adverse events associated with azole antifungals
and vinca alkaloids, which constitute the backbone of
many ALL treatment protocols, have also limited the
participation of patients with ALL in these kinds of
trials.15 Subsequent to the 2008 guidelines, two Austral-
ian studies identified patients with ALL to be at high risk
of IFD, including mould infections.16,17 Hence, it is not
surprising to find that the majority of clinicians surveyed
use mould-active prophylaxis during ALL treatment and

that liposomal amphotericin B was the preferred agent in
most cases (53%) with fluconazole an alternative. This
variation in practice is reflective of the uncertainties that
surround the duration of IFD risk and need for prophy-
laxis. A study comparing liposomal amphotericin B
prophylaxis to no prophylaxis in this patient group
(NCT01259713) was recently completed, but its findings
are yet to be published.

The diagnostic work-up of patients with suspected IFD
is important in guiding escalation of antifungal therapy,
especially in the era of broad-spectrum azole prophy-
laxis.18 CT imaging and directed invasive diagnostic pro-
cedures, such as bronchoalveolar lavage (BAL) with
routine microbiology and histology, were available
on-site at all hospitals. However, the >48 h delay reported
between time of referral time of procedure in 40% of
hospitals is considered suboptimal; yield from BAL is
highest when performed within 24 h of new infiltrates
and declines significantly by 5 days.19 Inclusion of res-
piratory physicians within the multidisciplinary team
providing care for these patients should be encouraged.
In contrast, non-culture-based tests and TDM were gen-
erally available off-site. Consequently, turnaround times
for results were typically greater than 3 days for these
‘specialised’ tests. This is likely to reduce the utility of
these assays, especially drug levels. Ongoing efforts
should be made to improve the timely reporting of results
and the widespread availability of these critical tests to
guide and optimise patient care.18

The main limitations of this study include potential
response bias and the generalisability of the respondents’
reported current practice and observations given the
sample included multiple respondents from individual
hospitals but no respondents at all from other hospitals.
Ongoing periodic or point prevalence surveys could be
used to inform and evaluate guideline uptake, as well as
to assess new and emerging high-risk populations and to
examine where new evidence or opinion is leading to
changes in clinical practice.

Conclusion

The quality of the Australian 2008 guidelines has been
independently evaluated across several domains and has
ranked foremost in clarity and presentation when com-
pared with other internationally published guidelines.6

Furthermore, all but one respondent considered them
useful in formulating local guidelines. The current survey
has indicated high levels of adherence to the recom-
mended guidelines for antifungal use, especially in high-
risk AML patients. In haematological malignancies other
than AML, a greater diversity of practice was noted, but
reassuringly, when antifungals are used in this setting,
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most survey respondents justified their use on the basis of
recognised risk factors. Greater research efforts should be
directed to these patient groups to enable the refinement
of subsequent guidelines. Areas for further improvement
include earlier access to bronchoscopy, diagnostic tests
and therapeutic drug monitoring.
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