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Summary

Patients with heart transplantation have a high incidence of infectious complications,
especially fungal infections. The aim of the systematic review was to determine the best
pharmacological strategy to prevent fungal infections among patients with heart trans-
plant. We searched the PubMed and Embase databases for studies reporting the effec-
tivenesss of pharmacologic strategies to prevent fungal infections in adult patient with
a heart transplant. Our search yielded five studies (1176 patients), four of them with
historical controls. Two studies used inhaled amphotericin B deoxycholate, three used
itraconazole and one used targeted echinocandin. All studies showed significant
reduction in the prophylaxis arm. Different products, doses and outcomes were noted.
There is a highly probable benefit of prophylaxis use, however, better studies with
standardised doses and comparators should be performed.
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Introduction

Invasive fungal infections (IFI) are a leading cause of
death among heart transplant recipients and have a
cumulative incidence of 3.4% in the first year follow-
ing transplantation.! Invasive candidiasis remains the
most common IFI in these patients accounting for
49% of cases, followed by invasive aspergillosis (IA)
23%, cryptococcosis 10%, non-Aspergillus moulds
7.1% and the endemic fungi 3%. The majority of the
invasive candidiasis and aspergillosis cases occur in
the first 180 days following transplantation. However,
their onset following transplantation can be widely
variable among different transplant centres due to
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differences in prophylactic antifungal measures,
changes in surgical techniques, posttransplant care
and CMV prophylaxis strategies.” Although the inci-
dence of fungal infections in this group of patients
have steadily declined over the past 30 years due to
use of more selective immunosuppression and use of
antifungal prophylaxis,’ the high mortality caused by
IFI is still a concern, reaching 75-100% in non-asper-
gillus mould TFI of the central nervous system.* Anti-
fungal prophylaxis is a common practice used
worldwide in various heart transplant centres, but
questions about the specific antifungal, appropriate
strategy (e.g. universal vs. targeted) and duration,
continues to be controversial. It has centred on inva-
sive aspergillosis due to the high mortality, high fre-
quency, clinical and economical impact® and the fact
that it covers Candida as well. Currently, there is no
recommendation for the routine use of prophylaxis
against Candida in heart transplant patients.® The goal
of this study was to perform a systematic review of the
literature to evaluate the evidence supporting the use
of primary antifungal prophylaxis against aspergillosis
following heart transplantation.

doi:10.1111/myc.12179
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Material and methods

The following databases were searched using the
search terms detailed in Data S1: Medline (1966—Octo-
ber 2013), EMBASE (1980 to October 2013), Cochrane
Library (Issue 11 2013), LILACS (1980 to October
2013) and IST Web of knowledge. This search included
randomised controlled, controlled, not controlled, pro-
spective or retrospective studies. All relevant studies
regardless of language were included. Participants were
limited to adults with heart transplants who received
primary antifungal prophylaxis (antifungal medication
before any fungal infection diagnosed). Studies were
eligible if they included participants with and without
antifungal prophylaxis, diagnostic criteria of IFI were
clearly defined and information about outcomes related
to IFI could be extracted. Antifungal prophylaxis inter-
vention could include any known antifungal (i.e.
amphotericin B, including lipid formulations, fluconaz-
ole, itraconazole, voriconazole, posaconazole, caspofun-
gin, anidulafungin and micafungin). Primary outcomes
included total (all cause) mortality, mortality attribut-
able to IFI and incidence of IFI. Serious adverse events
(those leading to hospitalisations and/or death), other
adverse events (gastrointestinal, allergic/cutaneous,
fever, neurological, haematological, hepatic among
others) and non-compliance to treatment, if stated,
were compared. Case reports or series of cases with
insufficient data and outcome were excluded as well as
trials using pre-emptive therapy. Duplicate reports of
the same trial were also excluded P. jirovecci pneumo-
nia, an important IFI in heart transplant patients, was
excluded from this study because it is prevented by a
separate class of drugs (e.g. trimethoprim-sulphameth-
oxazole) and the antimicrobial prophylaxis of choice is
less controversial.

Selection of studies

Three authors (LGU, CEG and JAC) screened the article
titles and abstracts identified from the literature search
to identify relevant studies. In cases of doubt, we
obtained the full text for assessment. JAC and LGU
obtained the full text of each citation and they were
individually assessed. In case of disagreement between
the reviewers, a third author (CEG) was invited to
comment.

Data extraction and management

Data were extracted from each article and a consensus
was reached by all authors regarding the information
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to be analysed. Data regarding outcomes and number
of participants for which outcomes were measured in
treatment arms were extracted and tabulated. Internal
validity including selection of subjects, risk of bias or
confounding variables, measures of treatment effect,
reporting bias and overall quality of evidence was per-
formed and discussed for each study.

Results

Using the search strategy delineated in ‘Materials and
Methods’, 262 references were identified (see Data S1)
and 20 duplicate references eliminated. The remaining
242 references were screened by analysing the infor-
mation provided in the abstract. This systematic
review yielded 15 potential studies for inclusion. The
full text articles of these 15 studies were reviewed
yielding only five studies that met the inclusion crite-
ria for a total of 1176 patients (Fig. 1). These five
studies were retrospective; four of the five used

Database search (n = 262)
Pubmed 188

Embase 58

Cochrane 8

LILACS 1

IS17

Excluded: (n = 247)
Search overlap (n = 20)
Irrelevant (n = 227)

L 4

v

Full paper review (n=15)

v

Excluded: (n = 10)
No relevant outcome/review (n = 10)

y

Included: (n = 5)
5 retrospective studies
Language
e English (n=5)
Studies with historical controls
e Inhaled amphotericin B deoxycholate vs no
antifungal (n=1)
e [traconazole vs no antifungal (n = 1)
e [traconazole vs inahled amphotericin B
deoxycholate vs no antifungal (n = 1)
e Universal with itraconazole vs targeted with
echinocandin (n=1)
Study without comparator group (n =1)

Figure 1 Flow diagram showing the study selection process.
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historical controls and one study did not have a com-
parator group. Of note, no randomised controlled trial
was found in this systematic review. A qualitative
analysis of the impact of antifungal prophylactic inter-
ventions in these four studies was performed by com-
paring amphotericin vs. no antifungal, itraconazole vs.
no antifungal, itraconazole vs. amphotericin vs. no
antifungal, itraconazole vs. targeted echinocandins
and itraconazole use without comparator group
(Table 1).

Inhaled amphotericin vs. no antifungal
(historical controls)

In 1997 Reichenspurner et al. [7] reported their find-
ings on a retrospective analysis of 126 cardiothoracic
transplant patients from 1993 to 1996 who received
inhaled amphotericin B throughout the hospital stay
(at a dose of 5 mg TID to be increased up to 20 mg
TID within the first 5 days after surgery). Of these, 75
patients were heart transplants. The incidence and
spectrum of fungal infections were compared to a his-
torical control group of 77 heart transplant patients
before this period of time when no prophylaxis was
given. Both groups received the same immunosuppres-
sive protocol. Authors did not report their criteria used
for the diagnosis of IFI (total numbers of IFI, aspergillo-
sis and candidiasis). The incidence of total fungal infec-
tions, TA and candidiasis had a significant reduction in
the amphotericin group at both 3 and 12 months post
transplant. Known risk factors or important variables
for IFI were not detailed for their two groups of
patients. The administration of inhaled amphotericin
was deemed to be safe. The only side effect was nausea
which led to the discontinuation of inhaled amphoteri-
cin B in two patients. In a subsequent report from the
same institution, the protective effect of inhaled ampho-
tericin B for IA was confirmed using a model of longitu-
dinal trends of actuarial incidence of IA (P < 0.35).8

Itraconazole vs. no antifungal (historical controls)

In 2004 Munoz et al. [9] reported findings on a retro-
spective comparative study using historical controls
with the aim to evaluate the efficacy of itraconazole cap-
sules (PO) as universal antifungal prophylaxis and to
potentially identify high-risk patients who could benefit
from targeted antifungal prophylaxis. Only proven or
probable TA cases were included in their analysis as
defined by the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group.'® Of the 278
patients enrolled in their study, the first 185 patients
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included (1988 to September 1994 period) did not
receive any kind of antifungal prophylaxis (cohort 1).
The remaining 93 patients (October 1994-2002)
received itraconazole 400 mg per day since day 5 post
trasplant, for a period of 110 + 49 days (cohort 2).
Patients in cohort 2 underwent routine monitoring of
itraconazole levels and were prescribed 3 or 6 months
of itraconazole in the absence or presence of rejection
respectively. Immunosuppressive regimens and CMV
prophylaxis protocols used in both cohorts varied over
time. In this study, a broad and detailed list of possible
risk factors for TA was analysed with the aim to identify
variables that could independently influence outcomes
and identify patients at high risk of IA. Although it was
a worthwhile task, the authors acknowledge the limita-
tions inherent to studies comparing historical cohorts
given variations over time in the use of immunosup-
pression drugs, diagnostic technology, other opportunis-
tic and nosocomial infections and availability of
antimicrobials.!! Through a multivariate analysis
(regression logistic model) independent risk factors for
IA were obtained: reoperation (RR 5.8%; 95% CI 1.8—
18 P = 0.002), CMV disease (RR 5.2%; 95% CI 2-13.9
P = 0.001), posttransplant haemodialysis (RR 4; 95%
CI 1.2-18 P = 0.02) and other cases of IA in the HT
programme 2 months before or after transplant date
(RR 4.6; 95% CI 1.5-14.4 P = 0.007). TA was diag-
nosed in 24 of a total of 278 patients (8.6%) in the first
year after transplant (media of 50 £+ 63 days after HT).
All cultures grew Aspergillus fumigatus. Use of universal
prophylactic itraconazole had a protective role with a
calculated RR of 0.2 IC 95%(0.07-0.9) P = 0.03. Previ-
ous studies have suggested that prophylaxis against
CMV and specific immunosuppressive regimens have an
important impact on the incidence of invasive fungal
disease.® In this study, CMV disease was shown to be a
risk factor, but although immunosuppression agents
from induction and maintenance changed from both
periods of time, neither the univariate analysis nor the
multivariate analysis showed these differences in immu-
nosuppression as a risk factor.

Itraconazole vs. amphotericin vs. no antifungal
(historical controls)

In 2010 Paniagua et al. reported findings on a single-
centre, retrospective study that included 571 adult
heart transplant patients (from 1991 to 2009) with the
aim to determine the impact of universal antifungal pro-
phylaxis in the incidence of IA during the first 3 months
following heart transplantation.'? Three prophylactic
regimens were compared: no prophylaxis — 1991-1994
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(n=199), itraconazole capsule 200 mg day for
3 months — 1995-2004 (n = 352) and inhaled ampho-
tericin deoxycholate while the patient was on mechani-
cal ventilation followed by liposomal amphotericin B for
3 months; liposomal amphotericin was administered at
a 50 mg weekly dose — 2004 to 2009 (n= 120).
Authors did not report the criteria used for the diagnosis
of TA but the disease was divided in aspergillus tracheo-
bronchitis and invasive/disseminated aspergillosis. Itr-
aconazole serum levels were not monitored. Known risk
factors or dependent variables highly associated with
progression of TA were not reported. The incidence of
aspergillosis was 5% in the first group, 1.4% in the sec-
ond group and 0% in the third group. No adverse effects
were associated with use of itraconazole but in three of
120 patients (2.5%) using inhaled amphotericin had to
be discontinued because of repeated atelectasis and oro-
tracheal tube blockade. Differences in severity of the dis-
ease were observed among the three groups of
prophylaxis. Eighty per cent (4/5) of the invasive/dis-
seminated aspergillosis cases were diagnosed in the
group without prophylaxis, whereas 80% (4/5) of the
tracheobronchitis cases in the group with itraconazole
prophylaxis. Patients in this study received the follow-
ing immunosuppressive regimen: for induction: OKT3
(5 mg day ' for 3-10 doses, which was substituted
with basiliximab in 2000); for maintenance: cyclospor-
ine or tacrolimus, azathioprine (replaced by mycophen-
olate mofetil in 1998) and steroids.

Authors concluded that universal prophylaxis with
itraconazole or amphotericin significantly impacted
the incidence of aspergillosis (from 5% to 1.4% and
0%). The interaction of immunosuppressive drugs
(calcineurin inhibitors and proliferation signal inhibi-
tors) with itraconazole led them to change the pro-
phylactic regimen to amphotericin in the last period
(2004-2009).

Itraconazole without comparator group

In 2011, Hayes et al. [13] reported findings on a retro-
spective study including 42 heart transplant patients
who received itraconazole (PO) prophylaxis at a dose
of 200 mg day for a period of 12 months starting
from day 3.2 £ 3.8 days post transplant. The form of
itraconazole (solution vs. capsules) used in their study
was not specified and serum itraconazole levels were
not monitored. Authors decided not to use historical
controls since, in their judgement, surgical techniques,
antimicrobial and antifungal prophylaxis strategies
and other infectious complications at their institution
had change sufficiently over time making comparisons
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unfeasible. Proven, probable or possible IFI cases were
included as defined by the National Institute of Allergy
and Infectious Diseases Mycoses Study Group.'® Their
overall incidence of IFI was reported at 11.9%
(4 patients, five cases of 42 patients), which is rela-
tively high compared with incidence of IFI at other
transplant centres.'*'> Unfortunately, known risk fac-
tors for IFI and other dependent variables were not
detailed. No significant adverse effect was identified
with the use of itraconazole. Of interest, a weak rela-
tionship (without statistical significance) between a
recent episode of rejection and subsequent develop-
ment of IFI was noted during the first 6 months fol-
lowing transplantation (three of four patients who
developed IFI had received treatment for rejection).

Universal itraconazole vs. targeted echinocandin
prophylaxis

Recently, in 2013 Munoz et al [16] reported findings
on a retrospective study using historical controls com-
paring the efficacy of universal prophylaxis with oral
itraconazole vs. targeted prophylaxis with echinocan-
dins. The historical control group using universal pro-
phylaxis with oral itraconazole (n = 93) was the same
cohort reported in their 2004 publication.’ The tar-
geted prophylaxis with echinocandin group included a
new cohort of 133 heart transplant patients who
received caspofungin, anidulafungin or micafungin
only if they had at least one risk factor for IA (n = 13;
thus, 120 patients did not qualify to receive echinocan-
din targeted prophylaxis). Only proven or probable
invasive aspergillosis cases were included in their
analysis as defined by the National Institute of Allergy
and Infectious Diseases Mycoses Study Group. Risk fac-
tors for invasive aspergillosis that had been identified
in their 2004 study were reoperation, CMV disease,
posttransplantation haemodialysis and the existence of
another patient with TA in their heart transplant pro-
gramme 2 months before or after the procedure. The
duration of each risk factor was established as follows:
haemodialysis was considered a risk factor while it was
ongoing; CMV disease was considered a risk factor
while the patient was receiving antiviral therapy; and
reoperation was considered a risk factor for 7 days.
Echinocandin prophylaxis was started from the begin-
ning of the risk factor and continued for 3-4 weeks
after their resolution. Caspofungin was administered at
a loading dose of 70 mg for one dose, followed by
50 mg per day; caspofungin dose was adjusted in cases
of Child B score for liver failure (50 mg day ! as the
loading dose followed by 35 mg day !). Anidulafungin

© 2014 Blackwell Verlag GmbH
Mycoses, 2014, 57, 429-436



at a loading dose of 200 mg for one dose, followed by
100 mg per day. Micafungin was administered at
100 mg per day without a preceding loading dose. As
reported in their 2004 study, in the universal prophy-
axis with itraconazole group, IA had an incidence of
8.6% and an attributable mortality of 5.75%. In their
2013 study, in the targeted prophylaxis with echino-
candin group, TA had an incidence of 2.25% (P = 0.01
when compared to the 2004 study) and attributable
mortality of 1.5% (P = 0.06 when compared to the
2006 study). Using their targeted approach only 13
(9.8%) of 133 patients required echinocandin prophy-
laxis. Of the patients on prophylaxis, 1 of 13 (7.7%)
developed IA. This patient was receiving caspofungin
because of two risk factors were present (haemodialysis
and reoperation). In addition, a reduced dose
(35 mg day ') of caspofungin had being used because
of liver failure despite his high body mass index of
35 kg m~2 and that apparently the patient had been
exposed to an extremely high environmental load of
Aspergillus while in the intensive care unit. Of the
remaining 120 patients who were not eligible to
receive prophylaxis, two (1.6%) developed very early
IA (mean of 26 days following heart transplantation)
within a period of an ongoing outbreak of IA. One
potential bias in favour of the echinocandin protective
effect is that in patients whose prophylaxis was initi-
ated due to the presence of a previous IA case, the pro-
tective effect of introducing HEPA filters cannot be
separated from the protective effect of echinocandin.

Discussion

A systematic review of the literature did not yield a
single randomised controlled trial assessing the utility
of primary antifungal prophylaxis following heart
transplantation. However, five studies were identified
using retrospective designs and historical controls (i.e.
quasi-experimental study design).7‘9'12'13‘16 With the
exception of one study,'® these studies used historical
controls as their comparator group (Table 1). Using
this methodology, each of the four studies reported a
reduction in the incidence of IFI and attributable mor-
tality to IFL. Three of the studies used widely accepted
definitions of IFT (i.e. those of the National Institute of
Allergy and Infectious Diseases Mycoses Study Group),
one study used their own definitions'? and the
remaining study took place before definitions such as
the National Institute of Allergy and Infectious Dis-
eases Mycoses Study Group were available.”

The antifungal agents used in the five studies
included inhaled amphotericin B deoxicholate, inhaled
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amphotericin B lipid complex, itraconazole and the
three clinically available echinocandins. Other antifun-
gals commonly used for primary prophylaxis in other
transplant settings such as a voriconazole!'” and posaco-
nazole'® had not been studied in the context of heart
transplantation. Future studies could assess the role of
these newer antifungal agents for primary prophylaxis
in the setting of heart transplantation. Doses, formula-
tions, drug level monitoring and protocols of the
antifungals used in these studies varied significantly
among studies and continue to be a source of confusion
and debate for transplant programmes in need to initi-
ate protocols for primary antifungal prophylaxis.

Among azole drugs, only itraconazole has been stud-
ied as primary antifungal prophylaxis following heart
transplantation despite that it carries a ‘black box warn-
ing’ in its label regarding a risk of negative cardiac ino-
tropic effect.'® However, it appears that the negative
effect on left ventricular contractility produced by itrac-
onazole either is not clinically significant in patients
receiving a new heart and/or it is outweighed by benefi-
cial effect of itraconazole in lowering the incidence of
IFI. The negative inotropic effect of itraconazole should
provide the impetus to further study alternative antifun-
gal drugs for primary prophylaxis following heart trans-
plantation such as other oral azoles (e.g. voriconazole,
posaconazole), inhaled formulations of amphotericin B
or echinocandins. It also supports the study of strategies
such as targeted prophylaxis that significantly decrease
the number of heart transplant patients receiving the
antifungal drug.'®

It is difficult to agree on the threshold in IFI inci-
dence that should trigger primary antifungal prophy-
laxis at a given heart transplant programme. Based on
the study by Munoz et al. [9] it appears reasonable to
adopt primary antifungal prophylaxis in centres when
the incidence of aspergillosis is >5%. However, a sud-
den increase in the incidence of IFI considered to
constitute an outbreak or epidemic should also prompt
the programme to consider initiation or change in
their primary antifungal prophylaxis strategy. In
transplant centres where the incidence of IFI is <5%
targeted prophylaxis as outlined by Munoz et al. [9]
should be considered assuming that the risk factors
are the same as those described in this study.

Although randomised controlled trials to determine
the efficacy of primary fungal prophylaxis following
heart transplantation have not been performed, it
appears that the evidence provided by studies using his-
torical controls is sufficient to avoid the need of placebo
controlled trials in the future. Studies should use widely
accepted definitions of IFI (i.e. those provided by the
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European Organisation for the Research and Treatment
of Cancer/National Institute of Allergy and Infectious
Diseases Mycoses Study Group).'® It will be important
to perform prospective clinical trials to avoid biases
inherent to the use of historical controls using itraco-
nazole in the comparator group since it has been the
most frequently studied antifungal drug in this setting.
An endpoint evaluating the impact of itraconazole on
left ventricular function should be included because of
its potential to cause a negative inotropic effect in heart
transplant patients. Formulation (capsules vs. suspen-
sion), dose and results of itraconazole serum levels
should be reported in those trials. Itraconazole suspen-
sion formulation (including a loading dose) is suggested
in future trials since it has greater bioavailability than
the capsule formulation.>° Therapeutic drug monitoring
(TDM) is crucial because itraconazole is notable for hav-
ing significant patient-to-patient variability in its phar-
macokinetic and pharmacodynamics properties and for
major drug-drug interactions. Although there is no
agreement on what constitutes an optimal level of itrac-
onazole, it is now widely accepted that TDM should be
instituted for prophylaxis or treatment purposes to
detect patients with extreme low (e.g. itraconazole
<1 meg ml™Y) or high (e.g. >10 mcg ml™!) levels. Itr-
aconazole levels should be obtained every week until
the desired prophylactic level is reached. Once this is
obtained levels could be measured every month for the
duration of the prophylaxis. Alternative options for the
comparator group in future studies include inhaled
amphotericin B formulations and echinocandins.

In conclusion, our systematic review showed some
evidence of a highly probable benefit of prophylaxis
use, in terms of a lower incidence of invasive aspergil-
losis and prolonged survival; however, better studies
with standardised doses and comparators should be
performed.
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