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Liver Transplant Recipients

Clinical question A: In liver transplant recipients, what is the optimal anti-Aspergillus
prophylaxis strategy (universal versus targeted versus no prophylaxis)?

Recommendations
1) In liver transplant recipients, we suggest against using universal anti-Aspergillus
prophylaxis (conditional recommendation, low certainty of evidence).

Comments:
-Universal prophylaxis is defined as the administration of prophylaxis to all liver transplant
recipients.
-In the included studies, universal anti-Aspergillus prophylaxis (agents examined were
anidulafungin, micafungin, itraconazole, and liposomal amphotericin B) was compared with either
fluconazole or no antifungal prophylaxis.
-This recommendation places a high value on avoiding adverse events and unnecessary costs,
given the lack of clear clinically significant benefits.

2) Inliver transplant recipients, we suggest targeted anti-Aspergillus prophylaxis for
individuals at high risk of invasive aspergillosis (conditional recommendation, very low
certainty of evidence).

Comments:
-Targeted prophylaxis refers to antifungal prophylaxis given only to patients who are at high risk for
invasive aspergillosis. In the evidence reviewed, the most common risk factors for IA included: 1)
renal replacement therapy in the peri-transplantation period, 2) re-transplantation, and 3)
transplantation for fulminant hepatic failure.
-In the included study, voriconazole was evaluated as a prophylactic agent in both targeted and
universal strategies.
-The duration of anti-Aspergillus prophylaxis in the included evidence was typically until discharge
from the initial transplant hospitalization through 28 days post-transplant.
-This recommendation places a high value on balancing potential benefits while improving
stewardship and reducing costs.

Clinical question B: In liver transplant recipients for whom anti-Aspergillus prophylaxis
is indicated, what is the optimal choice of agents?

Recommendation:
In liver transplant recipients requiring anti-Aspergillus prophylaxis, we suggest using an
echinocandin or a newer anti-mold triazole (voriconazole, posaconazole or isavuconazole)
rather than amphotericin B formulations or itraconazole (conditional recommendation,
very low certainty of evidence).

Comments:
-This recommendation prioritizes reducing adverse events (e.g. nephrotoxicity and hepatotoxicity),
minimizing drug-drug interactions (especially with cyclosporine, tacrolimus, sirolimus and
everolimus), and optimizing bioavailability.
-Among the anti-mold triazoles, the available evidence is derived primarily from studies evaluating
voriconazole. To date, no peer-reviewed studies have specifically assessed posaconazole or
isavuconazole for prophylaxis in liver transplant recipients. Based on indirect evidence from other
transplant populations, these anti-mold triazoles (voriconazole, posaconazole and isavuconazole)
are expected to provide comparable benefits.



Background

The reported incidence of invasive fungal infections (IFls) after liver transplant ranges from 7 to 42% [1], Candida and
Candida-like species account for over 80% of IFIs in the peri-transplant period [2, 3]. Although less frequent than
invasive candidiasis, invasive aspergillosis (IA) is associated with high rates of dissemination and mortality, especially
when occurring early post-transplant [4]. Thus, prevention of IFIs is critical, and many centers implement antifungal
prophylaxis in the peri-transplant period [5].

Approaches to prophylaxis vary widely across institutions, reflecting differences in local epidemiology. Some centers
do not use antifungal prophylaxis, while others adopt either a universal strategy (defined as prophylaxis administered
to all recent transplant recipients) or a targeted strategy (prophylaxis administered to a specific group of recipients
considered at risk for fungal infection). The choice of antifungal agent also varies. In some centers, fluconazole, a
narrow spectrum triazole with activity limited to yeasts species, is the preferred agent. This preference is based on
fluconazole’s proven efficacy against yeasts, lower cost, good tolerability, fewer drug-drug interactions compared with
broad-spectrum triazoles, and excellent oral availability. Other centers favor echinocandins, which provide activity
against Candida and Candida-like species and are fungistatic against Aspergillus, and have minimal drug-drug
interactions. A third approach, used in some institutions, applies risk-stratified prophylaxis: no antifungal prophylaxis
for those at low risk for IFI, fluconazole for those at risk for Candidal/yeast infections, and broad-spectrum antifungal
(mold-active triazole, echinocandin or amphotericin B products) for those at risk for Aspergillus infections [6]. The
tiered model is feasible because predisposing factors to Candida and Candida-like and Aspergillus infections after
liver transplants are well-established.

This guideline evaluated whether antifungal prophylaxis should be broadened to include Aspergillus coverage or
initiated in centers that do not routinely use prophylaxis. We sought to address the following questions: 1) is anti-
Aspergillus prophylaxis beneficial during the peri-transplant period, 2) if beneficial, should prophylaxis be universal or
targeted; and 3) if an anti-Aspergillus prophylaxis is indicated, which antifungal agent is preferred? In order to make
recommendations on universal versus targeted versus no prophylaxis (A), we performed the three following
comparisons: A1) universal versus no prophylaxis, A2) targeted versus no prophylaxis and A3) targeted versus
universal prophylaxis.



Clinical question A: In liver transplant recipients, what is the optimal anti-Aspergillus
prophylaxis strategy (universal versus targeted versus no prophylaxis)?

Clinical question A1: In liver transplant recipients, should universal anti-Aspergillus
prophylaxis be used rather than no anti-Aspergillus prophylaxis?

Recommendation: In liver transplant recipients, we suggest against using universal anti-
Aspergillus prophylaxis (conditional recommendation, low certainty of evidence).
Comments:
-Universal prophylaxis is defined as the administration of prophylaxis to all liver transplant
recipients.
-In the included studies, universal anti-Aspergillus prophylaxis (agents examined were
anidulafungin, micafungin, itraconazole, and liposomal amphotericin B) was compared with either
fluconazole or no antifungal prophylaxis.
-This recommendation places a high value on avoiding adverse events and unnecessary costs,
given the lack of clear clinically significant benefits.

Summary of the evidence

Description of the direct evidence

Our systematic review of the literature (spanning from 2000-2025) identified six randomized, controlled trials (RCTs)
comparing the use of universal anti-Aspergillus prophylaxis (either anidulafungin, micafungin, itraconazole, or
liposomal amphotericin B) with not using anti-Aspergillus prophylaxis (fluconazole or no antifungal prophylaxis) [7-12].

Studied populations and clinical settings:
Six RCTs enrolled and randomized a total of 828 liver transplant recipients in the early post-transplantation
period [7-12]. These studies were conducted between 1999 and 2015 across multiple regions, including
North America [8-10, 12], Asia [7] and Europe [11]. All studies enrolled liver transplant recipients; two
studies restricted enrollment to patients considered at high risk of IFI (see Supplementary material, Table
A1.2 Characteristics of the included studies). In the control arms (no anti-Aspergillus prophylaxis), the
reported incidence of IA ranged from 0 to 2.0%, and all-cause mortality ranged from 1.1% to 15.8% [7-12].

Studied comparison:
The agents used for universal anti-Aspergillus prophylaxis in the intervention groups were heterogenous and
included: echinocandins (micafungin and anidulafungin) [7, 8], liposomal amphotericin B [9, 11] or
itraconazole [10, 12]. None of the included RCTs evaluated newer mold-active triazoles (voriconazole,
posaconazole or isavuconazole) as prophylactic agents. The comparator groups either received fluconazole
as an anti-yeast prophylaxis [7-9, 12] or placebo (no antifungal prophylaxis) [10, 11]. The total duration of
prophylaxis varied across studies, ranging from 14 days [9] to 10 weeks [12], with the two more recent
studies administering prophylaxis for up to 21 days or until hospital discharge, whichever occurred first [7, 8].

Studied outcomes:
In the included studies, the primary outcome was the incidence of IFls during the post-transplant period.
Three studies used the standard European Organization for Research and Treatment of Cancer and the
Mycoses Study Group Education and Research Consortium (EORTC/MSG) [13] definitions to establish the
diagnosis of proven or probable IFls [7-9], while the three earlier studies provided less detail about their
diagnostic criteria but were considered broadly comparable to the EORTC/MSG criteria for proven or
probable IFI. The EORTC/MSG definitions for IA were updated in 2020 [14] to incorporate positive
Aspergillus polymerase chain reaction (PCR) results from tissue, bronchoalveolar lavage or blood
components in the mycologic evidence section. These updates do not affect the results of our review, as all
included studies were performed prior to 2020. All but one study specifically reported on the incidence of 1A
[7]. Most studies reported mortality (all-cause and/or attributable), serious adverse events (SAE) (generally
defined in the studies as events leading to prophylaxis discontinuation), and non-serious AE. Only one study
reported outcomes related to graft loss and graft rejection [8]. The follow-up period to assess the outcomes
ranged from 30 to 100 days post-transplant.

Study design and risk of bias:



The included trials employed a range of designs, including non-inferiority, superiority or explorative
approaches, but generally reported on a relatively small number of patients (varying from 68 to 200 enrolled
patients per study). The risk of bias was judged as low for three of the six included studies [8, 9, 11]. The
remaining three studies were judged to be at high risk of bias: Kang 2020 [7] and Winston 2002 [12] lacked
blinding, while Sharpe 2003 [10] was terminated early as per a priori study stopping rules.

Benefits and harms

The use of universal anti-Aspergillus prophylaxis in liver transplant recipients may result in comparable outcomes to
those observed without anti-Aspergillus prophylaxis. Decision thresholds for critical outcomes were prespecified by
panel consensus (see Methods), corresponding to minimal important differences of 4% for invasive aspergillosis, 2%
for attributable mortality, and 4% for serious adverse events. Based on the panel’s pre-determined decision threshold
of a 4% reduction in incidence in IA compared with no prophylaxis (see Methods section), the rates of IA appear
similar between groups (risk difference [RD]: 0.1%; 95% confidence interval [CI]: -0.8 to 0.2%; low certainty of
evidence [CoE]) (Table 1). Similarly, results also appear comparable for attributable mortality (RD: -0.4%; 95% CI: -
1.1 to 2.2%; low CoE), all-cause mortality (RD: 0.5%; 95% CI: -2.8 to 5.8%; very low CoE), graft rejection (RD: 2.0%;
95% ClI: -2.2 to 16.6%; low CoE), and graft loss (RD: -1.0%; 95% CI: -7.6% to 12.2%; low CoE) (see Supplementary
material, Table A1.1 Grading of Recommendations Assessment, Development and Evaluation [GRADE] Evidence
Profile). Taken together, this review does not demonstrate a clear benefit of universal anti-Aspergillus prophylaxis
over no prophylaxis in liver transplant recipients.

With respect to safety, universal anti-Aspergillus prophylaxis may result in similar rates of SAE (RD: 0.3%; 95% CI: -
1.1 to 4.1%; low CoE) compared with groups without anti-Aspergillus prophylaxis. Nevertheless, non-serious AE may
be more frequent than among those receiving fluconazole or placebo (RD: 6.7%; 95% -0.5% to 18.1%; low CoE).
When stratified by classes of anti-Aspergillus agents, echinocandin prophylaxis may result in rates of non-serious AE
comparable to those observed in control groups (RD: 1.3%; 95% CI: -3.7% to 10.3%), while itraconazole prophylaxis
may result in higher rates of non-serious AE (RD: 12.8%; 95%CI: -1.9% to 41.6%).

Table 1. Summary of findings: Universal anti-Aspergillus prophylaxis versus No anti-Aspergillus prophylaxis
in liver transplant recipients
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Cl: confidence interval; RR: risk ratio

1 The number of participants and studies for which each specific outcome are reported.

*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% ClI).

** Estimated real-life baseline risk was based on a separate mapping review of the literature including 40 observational studies and the average and 95%Cl was calculated using generalized
linear mixed models (commonly referred to as GLMM).

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: 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 substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

a. Judged at high risk of bias: Winston 2002 due to the lack of blinding (i.e. investigators might have judged clinical outcomes differently in both groups, which could have led to differences in investigations, in
change of antifungal therapy, and ultimately affecting the outcome of interest).

b. The upper boundary of the confidence interval crosses the decision threshold (minimal important difference for recommending or not the prophylaxis), thus providing evidence of serious imprecision around
the estimates of effect.

¢. Judged at high risk of bias: Winston 2002 and Kang 2020 due to the lack of blinding (i.e. investigators might have judged clinical outcomes differently in both groups, which could have led to difference in
investigations, in change of antifungal therapy, and ultimately affecting the outcome of interest) and Sharpe 2003 due to early stoppage (consequently causing serious concerns regarding adequate
randomization and potential attrition bias).

d. The boundaries of the confidence interval cross the decision threshold (minimal important difference) for both important benefit and important harm, thus providing evidence of very serious imprecision.

€. Judged at high risk of bias: Winston 2002 and Kang 2020 due to the lack of blinding (i.e. investigators might have judged clinical outcomes differently in both groups, which could have led to difference in
investigations, in change of antifungal therapy, and ultimately affecting the outcome of interest).

f. Statistically significant noted in the meta-analysis (12=35%, p-value=0.19) but clearly explained by the heterogeneity of the agents used and their side effect profile, as well as the definition of non-serious
adverse events between studies.

g. Judged at high risk of bias: Kang 2020 due to the lack of blinding (i.e. investigators might have judged clinical outcomes differently in both groups, which could have led to differences in investigations, in
change of antifungal therapy, and ultimately affecting the outcome of interest).

h. The upper boundary of the confidence interval crosses the decision threshold (minimal important difference for recommending or not the prophylaxis) and the confidence interval is wide, thus providing
evidence of very serious imprecision around the estimates of effect.

i. The lower boundary of the confidence interval crosses the decision threshold for important benefit while the upper boundary of the confidence interval crosses the decision threshold for important harm, thus
providing evidence of very serious imprecision.

Other supporting evidence

Incidence of invasive asperqillosis in liver transplant recipients not receiving anti-Aspergillus prophylaxis

To better understand the burden of IA in liver transplant, a mapping review of the literature was performed from
January 2000 to April 2025 (See Supplemental material, Descriptive question) to determine the incidence of IA in
patients not receiving anti-Aspergillus prophylaxis.



A total of 40 studies, encompassing 14,385 patients who did not receive anti-Aspergillus prophylaxis, were included
[8, 11, 12, 15-52]. Most studies (21/40, 52.5%) focused on adult liver transplant populations. Seven studies included
a small number of pediatric patients that could not be analyzed separately from the adult cohort. These studies were
included as the overall proportion of pediatric patients was low. One study specifically examined adult living donors
[37], while another focused on a low-risk population [39]. Most studies were retrospective, observational, and
conducted at single centers.

Among these 14,385 patients, 305 developed proven or probable IA. The pooled incidence of IA was 1.9% (95%
confidence interval: 1.4% to 2.5%) (See Supplementary material, Figure A1.5 and A1.6). The one-year all-cause
mortality among 146 cases with available survival data was 65%.

Estimating the incidence of IA was challenging due to several limitations. Variability between studies likely reflects
differences in local epidemiology, ecology and transplant practices, as most studies were from single centers and
different continents. Access to antifungal medications may differ by center and publication bias may have influenced
estimates. Diagnostic approaches also differed between centers: most relied on histopathology and culture, whereas
others, in later years, used galactomannan antigen. Last and most importantly, patient population varied, with some
studies including patients at low risk for 1A [39], and others included only high-risk cohorts [53]. Notably, most IA
cases occurred in patients with established risk factors, including renal replacement therapy (RRT), re-
transplantation, or fulminant hepatic failure as the reason for transplantation.

Despite these limitations, the pooled estimated incidence of 1.9% provides important context, demonstrating that the
overall risk for IA in unselected liver transplant recipients is relatively low, thereby supporting the conclusion that
universal anti-Aspergillus prophylaxis is unlikely to provide meaningful benefits.

Rationale for recommendation

The panel agreed that the overall certainty of the evidence for using universal anti-Aspergillus prophylaxis in liver
transplant recipients is low. Concerns include potential risks of bias and imprecision due to the low number of
reported events. In the absence of demonstrable clinical benefits, the panel concluded that the additional harms or
drug interactions), together with resource use and cost, weigh against the use of universal anti-Aspergillus
prophylaxis in liver transplant recipients.

Conclusion

The guideline panel suggested against the use of universal anti-Aspergillus prophylaxis for liver transplant recipients
following transplantation.



Clinical questions A2 and A3: In liver transplant recipients, should targeted anti-
Aspergillus prophylaxis in individuals at high risk of invasive aspergillosis be used
rather than not using anti-Aspergillus prophylaxis, or rather than using universal anti-
Aspergillus prophylaxis?

Recommendation: In liver transplant recipients, we suggest targeted anti-Aspergillus prophylaxis
for individuals at high risk of invasive aspergillosis (conditional recommendation, very low
certainty of evidence).
Comments:
-Targeted prophylaxis refers to antifungal prophylaxis given only to patients who are at high risk for
invasive aspergillosis. In the evidence reviewed, the most common risk factors for IA included: 1)
renal replacement therapy in the peri-transplantation period, 2) re-transplantation, and 3)
transplantation for fulminant hepatic failure.
-In the included study, voriconazole was evaluated as a prophylactic agent in both targeted and
universal strategies.
-The duration of anti-Aspergillus prophylaxis in the included evidence was typically until discharge
from the initial transplant hospitalization through 28 days post-transplant.
-This recommendation places a high value on balancing potential benefits while improving
stewardship and reducing costs.

A2) Targeted anti-Aspergillus prophylaxis versus no anti-Aspergillus prophylaxis in
individuals at high risk of invasive aspergillosis

Summary of the evidence

Description of the direct evidence

Our systematic review of the literature (spanning from 2000-2025) identified three non-randomized studies comparing
the use of targeted anti-Aspergillus prophylaxis (either caspofungin, liposomal amphotericin B, and amphotericin B
lipid complex) to not using anti-Aspergillus prophylaxis (no antifungal prophylaxis) in individuals at high risk of IA [19,
28, 49].

Studied populations and clinical settings:
The three observational studies reported on a total of 597 patients, of which 145 were considered at high
risk of IA[19, 28, 49]. All three studies were retrospective “before-and-after” cohort studies; the “before”
periods corresponded to the comparator groups who did not receive antifungal prophylaxis, while the “after”
periods corresponded to the intervention groups who did receive targeted anti-Aspergillus prophylaxis in
individuals at high risk of IA or invasive mold infection (IMI). The timeframe of these studies spanned from
1990 to 2017. Only Chakravarti 2021 reported on a more contemporary cohort (from 2008-2017) [19].
Studies were all performed in North America [19, 28, 49].

All studies only included liver transplant recipients. Two studies stratified liver transplant recipients according
to their risk of IA or invasive mold infections (Chakravarti 2021 and Hellinger 2005 respectively). Chakravarti
2021 defined high risk of IA as either: acute liver failure, requirement for RRT within 30 days of
transplantation (prior or after orthotopic liver transplant), re-transplantation or colonization with Aspergillus
prior to transplantation) [19], while Hellinger 2005 defined risk of invasive mold infections as: 1) high risk if
on hemodialysis at the time of transplantation, and/or hospital discharge delayed beyond 7 days after
transplantation because of allograft or renal insufficiency; 2) intermediate risk if transplanted for fulminant
hepatic failure, and/or re-transplantation) [28]. Singh 2001 restricted inclusion to patients requiring RRT [49].
The reported rates of IA among liver transplant participants considered at high risk of IA/IMI and not
receiving anti-Aspergillus prophylaxis (control groups) ranged from 13.6 to 28.6% (see Supplementary
material, Table A2.2 Characteristics of the included studies).

Studied comparisons:
Targeted prophylaxis included caspofungin [19], liposomal amphotericin B or amphotericin B lipid complex
[28, 49]. No study evaluated newer anti-mold triazoles (voriconazole, posaconazole, isavuconazole) for
prophylaxis. Comparator groups received no antifungal prophylaxis. Prophylaxis duration was until hospital
discharge [19, 28, 49], up to 28 days maximum [19], or until discontinuation of RRT or death [49].



Studied outcomes:
For all studies, the primary outcome was post-transplant incidence of IFI. Two studies [19, 28] employed the
EORTC/MSG definitions for proven or probable IFI [13, 54], while Singh 2001 relied on histopathology- and
culture-based diagnosis [49]. All studies reported IA incidence and attributable mortality; Singh 2001 also
assessed all-cause mortality. Serious and non-serious AE were not reported in any of the studies. Follow-up
period ranged from 90 days to 12 months.

Study design and risk of bias:
The overall risk of bias for these studies was judged to be serious. The retrospective “before-and-after”
design inherently introduced residual confounding and selection bias, including the potential for
environmental or practice changes across study periods and differences in the characteristics of enrolled
patients. Event numbers were also very small, contributing to the imprecision.

Benefits and harms
Based on the panel’s pre-determined decision threshold of a 4% reduction in incidence in IA compared with
no prophylaxis (see Methods), targeted anti-Aspergillus prophylaxis in liver transplant recipients at high risk
for A or invasive mold infections may reduce the incidence of IA with an estimated risk reduction of -13.7%
(95% ClI: -15.9 to 5.8%; very low CoE) (Table 2). Targeted prophylaxis may also reduce IA attributable
mortality (RD: -11.1%; 95% CI: -13.2 to 0%; very low CoE) (See Supplementary material, Table A2.1
GRADE Evidence Profile). No difference was observed in all-cause mortality (RD: 0%; 95% CI: -26.2 to
51.3%; very low CoE), as compared with those not receiving anti-Aspergillus prophylaxis, but the evidence
is very uncertain. Serious and non-serious AE were not reported in these studies, but the panel judged that
potential harm, including toxicities and drug interactions, were likely similar to those described for universal
prophylaxis.

Table 2. Summary of findings: Targeted Anti-Aspergillus prophylaxis versus No Anti-Aspergillus prophylaxis
in liver transplant recipients

Anticipated absolute effects (95% Cl)
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W R g s ST 000 [
(1 non-randomized (0.5210 1.94) ‘ (28.4 to 100) ' ' Very lowaf = )
more) is very uncertain.
study) [49]
Attributable The panel judged that the clinical decision threshold
Mortality between recommending and not recommending
Ne of participants: 145 RR0.19 13.6% 2.6% 11.1% fewer ®OOQO  prophylaxis is a reduction of at least 2% in the incidence
) (0.03 to 1.00) (0.4 t0 13.6) (13.2 fewer to 0 more) Very lowas of attributable mortality. Targeted anti-Aspergillus

(3 non-randomized
studies) [19, 28, 49]

prophylaxis.may reduce attributable mortality, but the
evidence is very uncertain.




Anticipated absolute effects (95% Cl)

) Relative effect

(95% Cl)

Certainty of

No anti- Targeted anti-
Aspergillus Aspergillus Difference
prophylaxis prophylaxis

What happens

Ne of participants
(studies) t

Evidence

The panel judged that the clinical decision threshold

Serious Adverse between recommending and not recommending
Events £ RR1.15 1.8% 21% 0.3% more dpO0O prophylaxis is no more than 4% increase in serious
Ne of participants: 825  (0.40 to 3.30) o (0.7 to 6) (1.1 fewer to 4.1 more) Lowen adverse events. Targeted anti-Aspergillus prophylaxis
(6 RCTs) [7-12] may result in little to no difference in serious adverse
events.
Non-serious
Adverse Events ¢ RR 1.50 13.4 20.1% 6.7% more @O0  Targeted anti-Aspergillus prophylaxis may increase non-
Ne of participants: 757 (0.96 to 2.35) gt (12810 31.4) (0.5 fewer to 18.1 more) Loweii serious adverse events slightly.
(5RCTs)[7, 8,10-12]
Non-serious
Adverse Events o ) ; -
(Echnocandins  RRASS o, 0 rions P00 i oo it o afrngs mnon-
ONLY) (0.62 to 2.06) A (6.0t0 19.9) : : Lowek y result n 1% % o CHllErence
more) serious adverse events.

Ne of participants: 369
(2RCTs) [7, 8]

ClI: confidence interval; RR: risk ratio

1 The number of participants and studies for which each specific outcome are reported.

*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% Cl).

& This row is reporting on the effect of anti-Aspergillus prophylaxis from the 2 RCTs included in clinical question A1 where a significant proportion of the population were considered at higher risk of Invasive
Aspergillosis. The pooled relative effects were comparable between the 2 RCTs and the 3 non-randomized studies included in clinical question A2, but the baseline incidence of IA and thus the absolute
effect differs greatly. The panel judged that this consistency in relative effect of anti-Aspergillus prophylaxis between different study designs further supports that this pooled effect reported in the 3 included
non-randomized studies is not likely to be overestimated.

£ Adverse Events were not reported in the 3 non-randomized studies included in clinical question A2, but the panel judged that the reported Serious Adverse Events in the 6 RCTs included in clinical question
A1 were generalizable to this clinical question as the included populations, antifungal agents and comparators were similar.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: 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 substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

a. All 3 studies were designed as pre/post intervention studies, and they were all considered at serious of bias (ROBINS-I) mainly due to potential residual confounding and selection bias. Of note, the
following potential biases might cause underestimation of the effect of prophylaxis: 1) derivation from the intended intervention in 2 of the included studies where patients in the prophylaxis group did not
receive it (Chakravarti 2021 and Hellinger 2005), 2) administration of an anti-Aspergillus agent in the control group in one study (Hellinger 2005).

b. The boundaries of the confidence interval are on the same side of their decision-making and do not cross the clinical decision threshold between recommending and not recommending prophylaxis
(meaning that different decisions could be recommended at the lower vs the upper boundary of the confidence interval). Nevertheless, the sample size does not meet the OIS (optimal information size), thus
providing evidence of very serious imprecision around the estimates of effect.

c. Despite the possible publication bias, this outcome was not rated down since the reported effect was very similar to what was reported in clinical trials (which are usually at lower risk for publication).

d. For each of these 2 studies, only a proportion of the cohorts was considered to be higher risk of invasive Aspergillus infection, thus rated down for indirectness.

e. The upper boundary of the confidence interval crosses the decision threshold (minimal important difference for recommending or not the prophylaxis), thus providing evidence of serious imprecision around
the estimates of effect.

f. The lower boundary of the confidence interval crosses the decision threshold for important benefit and the confidence interval likely includes moderate to large benefit while the upper boundary of the
confidence interval crosses the decision threshold for important harm and the confidence interval likely includes moderate to large harm, thus providing evidence of extremely serious imprecision.

g. The lower boundary of the confidence interval crosses the decision threshold (minimal important difference for recommending or not the prophylaxis) and likely include moderate and large effect, thus
providing evidence of very serious imprecision around the estimates of effect.

h. Judged at high risk of bias: Winston 2002 and Kang 2020 due to the lack of blinding (i.e. investigators might have judged clinical outcomes differently in both groups, which could have led to difference in
investigations, in change of antifungal therapy, and ultimately affecting the outcome of interest).

i. Judged at high risk of bias: Winston 2002 and Kang 2020 due to the lack of blinding (i.e. investigators might have judged clinical outcomes differently in both groups, which could have led to difference in
investigations, in change of antifungal therapy, and ultimately affecting the outcome of interest) and Sharpe 2003 due to early stoppage (consequently causing serious concerns regarding adequate
randomization and potential attrition bias).

j. Statistically significant noted in the meta-analysis (12=35%, p-value=0.19) but clearly explained by the heterogeneity of the agents used and their side effect profile, as well as the definition of non-serious
adverse events between studies.

k. Judged at high risk of bias: Kang 2020 due to the lack of blinding (i.e. investigators might have judged clinical outcomes differently in both groups, which could have led to difference in investigations, in
change of antifungal therapy, and ultimately affecting the outcome of interest).

Rationale for recommendation
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Balance of benefits and harms / Certainty in the evidence
When targeted prophylaxis was compared with no prophylaxis, the panel judged that the balance of benefits
and harms favored targeted anti-Aspergillus prophylaxis in liver transplant recipients. Specifically, targeted
prophylaxis is anticipated to provide a moderate reduction in IA incidence and IA attributable mortality,
without evidence of excess harm compared to no prophylaxis although potential harms may vary depending
on the antifungal class used. The panel agreed that the overall certainty of the evidence was very low due to
risk of bias and imprecision related to small sample size and number of events.

Costs and Resources/ Acceptability
The panel acknowledges that targeted anti-Aspergillus would increase direct costs related to drug
acquisition, administration, and laboratory monitoring. Although cost-effectiveness could not be determined,
the panel judged that the use of targeted anti-Aspergillus prophylaxis was acceptable for stakeholders, given
its limited duration, ease of administration, and manageable drug-drug interactions.

Patients Values / Equity
The panel assumed that patients would generally value an intervention that offers a favorable balance of
benefits and harms, particularly given the high mortality associated with IA. Because prophylaxis is usually
provided in the inpatient setting for a limited duration, inequities based on race, socioeconomic status, or
geography are unlikely to be significant. Although some centers may not have access to certain antifungal
agents, this lack of availability is expected to affect all patients within the institution equally and therefore
does not create patient-level inequities.

Conclusion

The guideline panel suggested using targeted anti-Aspergillus prophylaxis for liver transplant recipients
considered at high risk of IA following transplantation (renal replacement therapy in the peri-transplantation
period, re-transplantation, or transplantation for fulminant hepatic failure), rather than no anti-Aspergillus
prophylaxis. Considerations for implementation are discussed below.

A3) Targeted anti-Aspergillus prophylaxis in individuals at high risk of invasive
aspergillosis versus Universal anti-Aspergillus prophylaxis

Summary of the evidence

Description of the direct evidence

Our systematic review of the literature (spanning from 2000-2025) identified a single non-randomized retrospective
study that directly compared targeted anti-Aspergillus prophylaxis with universal prophylaxis, in which both groups
received voriconazole [23].

Studied populations and clinical settings:
The study, conducted at a single US center, included 382 patients, of whom 78 were classified as high-risk
for IA [23]. The study compared a “before” cohort that received universal prophylaxis with voriconazole in the
immediate post-transplant intensive care unit (ICU) setting (implemented during an ICU construction-
associated outbreak of invasive mold infections) with an “after” cohort that received targeted prophylaxis
with voriconazole restricted to patients at high risk of IA. Within the targeted cohort, additional stratification
was applied: individuals not at high risk of A, but at high risk of yeast infection received fluconazole
prophylaxis, while those at low risk of IFI received no antifungal prophylaxis.

This study only included liver transplant recipients. High-risk criteria of IA included re-transplantation, renal
failure requiring RRT post-transplant, fulminant hepatic failure as the indication for transplantation, and intra-
abdominal or thoracic re-exploration within the first month post-transplant. The reported rates of IA and
mortality among all liver transplant participants receiving anti-Aspergillus prophylaxis (control group) were
0% and 7.2%, respectively (see Supplementary material, Table A3.2 Characteristics of the included study).

Studied comparisons:
Voriconazole was used for both groups. In the universal group, voriconazole prophylaxis was administered
during the immediate post-transplant ICU stay, whereas in the targeted group, voriconazole was given only
to patients at high risk of 1A and continued until hospital discharge or for a maximum of 28 days.

11



Studied outcomes:
The primary outcome was the incidence of IFI within 100 days after transplant, assessed using the standard
EORTC/MSG definitions [13]. Additional outcomes included all-cause mortality, attributable mortality, and
the occurrence of serious or non-serious AE, all evaluated within 100 days post-transplant.

Study design and risk of bias:
The risk of bias was judged to be serious, primarily due to retrospective “before-and-after” design. Potential
confounding factors included environmental changes and variations in clinical practices across study
periods. The very small number of events further contributed to the imprecision.

Benefits and harms

Based on the panel’s decision threshold (see Methods), the use of targeted rather than universal anti-Aspergillus
prophylaxis may result in comparable rates of serious or non-serious AE (RD: 0.7%; 95% ClI: -3.4 to 1.9%; very low
CoE), but the certainty of the evidence is very low (Table 3). In liver transplant recipients at high risk of invasive mold
infections, targeted prophylaxis may also result in rates of IA (RD: 0.7%; 95% CI: -0.7 to 2.0%; low CoE) and
attributable mortality (RD: 0.7%; 95% CI: -0.7 to 2.0%; low CoE) that are comparable to those observed with
universal prophylaxis (See Supplementary material, Table A3.1 GRADE Evidence Profile). However, targeted
prophylaxis may be associated with an increase in all-cause mortality (RD: 3.2%; 95% CI: -2.8 to 9.1%; very low
CoE) when compared to universal anti-Aspergillus, but the evidence is very uncertain.

Table 3. Summary of findings: Targeted Anti-Aspergillus prophylaxis versus Universal Anti-Aspergillus
prophylaxis in liver transplant recipients

Outcome

Anticipated absolute effects (95% Cl)

i Universal n i
Ne of participants Re(lgtsl\:/e (e;T;eCt anti- Targeted anti- C:;Zg:);:f What happens
. A . .
(studes) Aspergilus  ASPerdilus - Diference
prophylaxis propiy
. o The panel judged that the clinical decision threshold
Invasive Aspergillosis between recommending and not recommendin:
Ne of participants: 382 ) 0.7% 0.7% more 800 . nang ) nang
. not estimable 0% prophylaxis is a reduction of at least 4% in the incidence
(1 non-randomized (0.02t0 3.8) (0.7 fewer to 2.0 more) Lowab . ) .
of IA. Targeted anti-Aspergillus prophylaxis may result
study) [23] L ) L o
in little to no difference in invasive aspergillosis.
Mortality (all-cause) ' . . .
R R amme 0000 [abiegnrnes o
(1 non-randomized (0.74 0 2.80) o (5.3t020.1) (2.8 fewerto 9.1 more)  Very lowac y Sy . Yey
uncertain.
study) [23]
The panel judged that the clinical decision threshold
Attributable mortality between recommending and not recommending
Ne of participants: 382 not estimable 0 0.7% 0.7% more @dOQO  prophylaxis is a reduction of at least 2% in the incidence
(1 non-randomized ° (0.02t0 3.8) (0.7 fewer to 2.0 more) Lowab of attributable mortality. Targeted anti-Aspergillus
study) [23] prophylaxis may result in little to no difference in
attributable mortality
. The panel judged that the clinical decision threshold
Serious and Non- i .
. between recommending and not recommending
Serious Adverse rophylaxis is no more than 4% increase in serious
Events RR 065 2.1% P 0.7% fewer ©000 agve‘:sg events. Targeted anti-A‘js ergillus prophylaxis
Ne of participants: 382 (0.13 to 3.33) " (03t07)  (34fewerto19more)  Verylows - 1arg Pergils propny

(1 non-randomized
study) [23]

may result in little to no difference in serious and non-
serious Adverse Events, but this estimate is very
uncertain.
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Anticipated absolute effects (95% Cl)

Outcome

Ne of participants Re(lgtfi)\‘/)/e (e;;ect Un;\ll::ir-sal Targeted anti- C:\:::ier:);;)f What happens
. 0 N .
(studies) t Aspergillus Arsopirgllilllxuiz Difference
prophylaxis prophy

Cl: confidence interval; RR: risk ratio
1 The number of participants and studies for which each specific outcome are reported.
*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% Cl).

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: 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 substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

a. The included study was designed as before-and-after intervention study and considered at serious of bias (ROBINS-I) mainly due to potential residual confounding and selection bias.

b. The boundaries of the confidence interval do not cross the clinical decision threshold between recommending and not recommending prophylaxis (meaning that different decisions could be recommended
at the lower vs the upper boundary of the confidence interval). In the context where the baseline risk is very small (less than 1%), the certainty of evidence was not rated down for imprecision.

c. The boundaries of the confidence interval cross the decision threshold (minimal important difference) for both important benefit and important harm, thus providing evidence of very serious imprecision.

d. The boundaries of the confidence interval do not cross the clinical decision threshold between recommending and not recommending prophylaxis (meaning that different decisions could be recommended
at the lower vs the upper boundary of the confidence interval). In the context where the baseline risk is not very small (2.1%) and the OIS (optimal information size) is not met, the certainty of evidence was
rated down for imprecision.

Rationale for recommendation

Balance of benefits and harms / Certainty in the evidence
The panel judged that the balance of benefits and harms does not clearly favor either strategy. Specifically,
the evidence showed that targeted prophylaxis was anticipated to provide trivial undesirable effects (small to
no increase in |A and attributable mortality) with trivial desirable effects (small to no reduction in AE) as
compared to universal prophylaxis. The panel agreed that the certainty in the evidence was very low due to
the risk of bias associated with the study design as well as the imprecision.

Acceptability / Stewardship issues
The panel judged that restricting anti-Aspergillus prophylaxis to a targeted group of individuals was
acceptable to stakeholders, largely because of stewardship benefits.

Costs and Resources / Patients Values / Equity
The panel acknowledged that restricting anti-Aspergillus prophylaxis to target individuals at high risk of
invasive disease would reduce drug-drug interactions, toxicities, and selective pressure for resistance, while
also lowering direct drug acquisition and monitoring costs. Cost-effectiveness was not formally evaluated,
but targeted prophylaxis was expected to be more resource-efficient than universal use. Patients are likely to
value avoiding unnecessary antifungal exposure while still receiving protection when the risk is elevated.
Restricting prophylaxis to high-risk groups was not expected to introduce inequity, as all patients meeting
defined criteria would remain eligible. The panel also recognized that some centers may have local protocols
for yeast prophylaxis that overlap with anti-Aspergillus prophylaxis, suggesting that the latter may not always
represent a major incremental cost or use of additional resources. Overall, the panel assumed that most
patients would support this targeted approach, though some variability in how stewardship considerations
would be valued may exist.

Conclusion

The guideline panel suggested using targeted anti-Aspergillus prophylaxis in liver transplant recipients at
high risk of IA following transplantation (renal replacement therapy in the peri-transplantation period, re-
transplantation, or transplantation for fulminant hepatic failure), rather than universal prophylaxis in all liver
transplant recipients.
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Considerations for Implementation of the recommendation

Universal antifungal prophylaxis has the potential to prevent IA, but carries risks of toxicities, including hepatotoxicity,
and drug interactions with immunosuppressive agents. A targeted approach allows antifungal use to be reserved for
those most likely to benefit, while sparing lower risk patients unnecessary complications. Identifying appropriate
candidates for prophylaxis requires careful risk stratification based on local epidemiology and individual patient
characteristics.

Individual risk factors of invasive aspergillosis

Liver transplant recipients face a heightened risk of IA due to various predisposing factors. Well-recognized risk
factors include post-transplant RRT, reoperation, and fulminant hepatic failure. These factors contribute to a
cumulative state of increased immunosuppression, increasing susceptibility to fungal infections. While re-
transplantation has been historically linked to a higher IA risk, its significance in this context remains uncertain due to
variability across studies [55]. In a multicenter case-control study of 184 recipients [56], reoperation (adjusted odds
ratio [aOR] 5.99; 95% CI 1.45-24.7) and systemic antibiotic use (aOR 5.03; 95% ClI, 1.09-23.2) were independent risk
factors for early IA. Unexpectedly, anti-mold prophylaxis (aOR 11.9; ; 95% CI, 1.45-97.6) was also associated with IA,
likely reflecting confounding-by-indication, as prophylaxis was given to patients judged at high risk using
heterogeneous criteria. Effectiveness may have been limited by the short median time to onset (11 days) and variable
prophylaxis regimens (voriconazole, liposomal amphotericin B at varying doses, or echinocandins). Renal failure and
RRT, established risk factors in prior studies, were not independently associated with 1A, possibly due to collinearity
with other risk factors, variability in definitions, and small sample size [56].

Because patient risk status can change over time, targeted prophylaxis requires active reassessment, typically until
discharge from the initial transplant hospitalization or up to 28 days. The need for RRT and reoperation may emerge
days to weeks after transplantation, warranting initiation of prophylaxis at that stage. Graft rejection as an outcome
was assessed in only one study [8]. Importantly, the role of anti-Aspergillus prophylaxis in the setting of acute or
chronic rejection in liver transplant has not been studied.

Combining individual risk factors of invasive aspergillosis

Although individual studies have identified several risk factors for 1A, no study has systematically examined the
cumulative effect of multiple risk factors.

Observational studies such as Chakravarti 2021, Hellinger 2005, and Singh 2001 highlighted re-transplantation, RRT,
and severe preoperative conditions as contributors to IA risk [19, 28, 49]. While Hellinger 2005 stratified patients by
risk levels, the study did not assess how the accumulation of multiple risk factors influenced IA incidence [28].
Therefore, while the presence of individual risk factors appears to increase the risk, the additive effect of combining
several factors remains uncertain.

Local incidence rate of invasive aspergillosis in individuals at high risk and not receiving anti-
Aspergillus prophylaxis

Overall, the available evidence suggests that the incidence of IA in liver transplant recipients at high risk of IA
averaged at 16.9% (ranging between 13.6 to 28.6%) when no anti-Aspergillus prophylaxis was given. These
estimates, however, vary considerably across centers.

Based on the panel’s pre-determined decision threshold of a 4% reduction in incidence in IA compared with no
prophylaxis, this sensitivity analysis presented in Table 4 indicates that a reasonable cut-off for offering targeted
prophylaxis is an expected baseline |A incidence of 5% or greater. At this incidence level, prophylaxis can reduce the
IA risk to 0.9%, approximating the incidence observed in low-risk liver transplant recipients. Accordingly, the panel
concludes that, in liver transplant recipients with a baseline IA incidence of 5% or higher, the use of targeted anti-
Aspergillus prophylaxis may be justified.
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Table 4. Modeling the effect of targeted anti-Aspergillus prophylaxis in liver transplant recipients with
different baseline incidences of invasive aspergillosis

. . Expected incidence
LCI I LA of 1A in individuals at
individuals at high risk Risk Difference with 95% . - . .

L L . . " high risk receiving Number needed to treat
and not receiving anti- confidence interval . i
Aspergillus prophylaxis B e
prophylaxis

15% -12.2% (-14.1 to -5.1%) 2.8% (0.9 to 9.9%) 8

10% -8.1% (-9.4% to -3.4%) 1.9% (0.6 to 6.6%) 12

5% -4.1% (-4.7% to -1.7%) 0.9% (0.3 to 3.3%) 24

2.5% -2.0% (-2.4% to -0.8%) 0.5% (0.1 t0 1.7%) 50
IA: Invasive aspergillosis
Assumption: RR 0.19, 95%CI (0.06 to 0.66), derived from pooled analysis of three observational studies
comparing targeted vs no anti-Aspergillus prophylaxis [19, 28, 49].

Duration of anti-Aspergillus prophylaxis

Among the randomized trials, the duration of prophylaxis varied from 14 days [9] to a maximum of 10 weeks [12]. The
two more recent studies reported a prophylaxis duration of up to 21 days or until hospital discharge, whichever
occurred first [7, 8]. In observational studies, prophylaxis was administered until hospital discharge [19, 28, 49], until
death or discontinuation of RRT [49]. Chakravarti 2021 additionally capped prophylaxis at a maximum of 28 days
[19].

Clinical question B: In liver transplant recipients for whom anti-Aspergillus prophylaxis
is indicated, what is the optimal choice of agent(s)?

Recommendation: In liver transplant recipients requiring anti-Aspergillus prophylaxis, we suggest
using an echinocandin or a newer anti-mold triazole (voriconazole, posaconazole or
isavuconazole) rather than amphotericin B formulations or itraconazole (conditional
recommendation, very low certainty of evidence).
Comments:
-This recommendation prioritizes reducing adverse events (e.g. nephrotoxicity and hepatotoxicity),
minimizing drug-drug interactions (especially with cyclosporine, tacrolimus, sirolimus and
everolimus), and optimizing bioavailability.
-Among the anti-mold triazoles, the available evidence is derived primarily from studies evaluating
voriconazole. To date, no peer-reviewed studies have specifically assessed posaconazole or
isavuconazole for prophylaxis in liver transplant recipients. Based on indirect evidence from other
transplant populations, these anti-mold triazoles (voriconazole, posaconazole and isavuconazole)
are expected to provide comparable benefits.

Summary of the evidence

Description of the direct evidence
Our systematic review of the literature (spanning from 2000-2025) identified two network meta-analysis reporting on
the efficacy of universal antifungal prophylaxis for the prevention of IFls [57, 58], although neither assessed
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differences in safety among antifungal agents. No RCTs comparing different antifungal agents used for targeted
prophylaxis were identified.

Our systematic review identified two non-randomized studies reporting on the use of either echinocandins or
amphotericin B formulations as targeted prophylaxis in liver transplant recipients considered at high risk of IFls [44,
59].

Studied populations and clinical settings:
The two observational studies reported on a total of 527 patients, of which 218 were considered at high risk
of IFls [44, 59].The most recent study was performed in Europe between 2015 to 2018 [44], while the older
study occurred in North America between 1997 to 2009 [59].

Studied comparison:
Rinaldi 2021 was a prospective cohort study where the choice of prophylaxis was left to the attending
physician [44], while Sun 2013 was a retrospective “before-and-after” cohort study (in “before” period
patients received amphotericin B formulations, while in “after” period patients received an echinocandin)
[59]. The targeted prophylaxis was planned for a total duration of 21 days [44, 59] or until cessation of RRT,
hospital discharge or death [59].

Rinaldi 2021 included patients at high risk for invasive candidiasis or IA, and defined high risk of IA as the
presence of fulminant hepatic failure, corticosteroids within the month prior to transplant, multi-visceral
transplantation, RRT, rejection requiring anti-thymocyte globulin, exposure to orthoclone-muromonab-CD3
(OKT3) or alemtuzumab, re-transplantation or reoperation [44]. In contrast, Sun 2013 defined high risk for
IFI as patients requiring post-transplant dialysis, undergoing re-transplantation, or requiring reoperation (See
Supplementary material, Table B1.2 Characteristics of the included studies) [59].

Studied outcomes:
The primary outcome was the incidence of IFI during the post-transplantation period, defined according to
EORTC/MSG criteria. Rinaldi 2021 reported IFI at 12 months using the 2008 EORTC/MSG definitions [13],
while Sun 2013 reported IFIl at 90 days using the 2002 EORTC/MSG definitions [54]. All-cause mortality was
reported in both studies, but attributable mortality, AE (either serious or non-serious), and graft loss /
rejection were inconsistently reported.

Study design and risk of bias:
The risk of bias was judged serious, mainly due to potential confounding-by-indication with evidence of
selection bias, differences in prophylaxis duration (5-7 days difference in total duration of prophylaxis
between groups), and variation in outcome assessment timepoints (90 days versus 12 months). All studies
had small sample size and reported a very small number of events for most of the outcomes.

Benefits and harms

The use of echinocandins for targeted prophylaxis may result in similar rates of IA (RD: 0.3%; 95% CI: -3.9 to 16.3%;
very low CoE) and attributable mortality (RD: 0.7%; 95% CI: -1.2 to 21.3%; very low CoE) compared with
amphotericin B formulations. The use of echinocandins may result in a higher all-cause mortality (RD: 4.6%; 95% CI:
-6.7 t0 25.9%, very low CoE). No serious AE were reported in Rinaldi 2021. Non-serious AEs may be comparable
between groups (RD: -0.2%; 95% CI: -8.8 to 8.5%; very low CoE). Overall, the evidence is very uncertain (See
Supplementary material, Table B1.1 GRADE Evidence Profile).

Other supporting evidence

Our systematic review of the literature comparing universal versus no anti-Aspergillus prophylaxis (either fluconazole
or no antifungal prophylaxis) in liver transplant recipients (see Clinical Question A1) provides indirect comparisons
between echinocandins, amphotericin B formulations and itraconazole.

Breakthrough IA was absent in one echinocandins study (0% with anidulafungin [8] but occurred in 1.9% of
itraconazole recipients [10-12]). When stratifying our meta-analysis per class of antifungal agents (See
Supplementary material, Figure A1.3.a), the subgroup analysis showed that echinocandins (versus fluconazole) may
lower the risk of breakthrough IA, with a RR of 0.20, 95%CI (0.01 to 4.15) [8], whereas itraconazole (versus
fluconazole or placebo) may increase risk, with a pooled RR of 2.13, 95%Cl (0.33 to 13.83) [10-12].
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AE profiles also varied. SAE occurred in 0.9% of itraconazole recipients [10-12], 1.1% of echinocandin recipients
(micafungin or anidulafungin) [7, 8], and 13.2% of amphotericin B recipients (liposomal AmB) [9]. When stratifying our
meta-analysis per class of antifungal agents (See Supplementary material, Figure A1.3.d), the subgroup analysis
showed that echinocandins (versus fluconazole) was associated with a pooled RR of 0.65, 95%CI (0.06 to 7.08) [7,
8], while liposomal amphotericin B (versus fluconazole) was associated with a RR 1.32 (0.34 to 5.07) [9], and
itraconazole (versus fluconazole or placebo) with a pooled RR of 4.69, 95%CI (0.23 to 96.47) [10-12]. Non-serious
AE were more frequent with itraconazole (24.3%) [10-12] than with echinocandins (10.9%) [7, 8]. Similarly, the
subgroup analysis by class of agents showed that echinocandins (versus fluconazole) were associated with a pooled
RR of 1.13, 95%CI (0.62 to 2.06) [7, 8], while itraconazole (versus fluconazole or placebo) was associated with a
pooled RR of 1.74, 95%CI (0.89 to 3.40) [10-12].

Overall, relative efficacy and AEs profile of these agents remain uncertain due to absence of direct comparative data.

Other considerations

Summary by antifungal class: benefits, harms, drug-drug interactions and stewardship considerations
A more detailed description of adverse events is provided in the Pharmacology Tables (See Appendix).

Echinocandins
Benefits: Across studies, breakthrough IA ranged from 0% to 3% [19, 25, 60-62]. There is a lack of robust
comparative data favoring one echinocandin over another. Micafungin was associated with the highest
breakthrough IA rates (11 % in a high-risk cohort) [59], while anidulafungin had the lowest (0-3%) [8, 63].
Caspofungin in general showed no breakthrough IA, though small series reported rates of 0.5 to 1% [19, 25].

Harms: Echinocandin prophylaxis appears to be generally safe in high-risk liver transplant recipients. In a
prospective trial of caspofungin (71 patients), grade IV laboratory abnormalities occurred in ~30%, but were
attributed to early post-transplant changes rather than drug toxicity; discontinuation for AE was infrequent
(8%) [61]. A smaller retrospective study found similar transient lab changes without clinical toxicity [60].
Micafungin was evaluated in a large, randomized trial (344 patients), showing low rates of hepatic and renal
events and no excess risk of rejection [64]. A smaller cohort study (18 micafungin; 24 ABLC) reported
comparable hepatic and renal outcomes, with slightly less early renal dysfunction in micafungin recipients
[65]. In a randomized trial, anidulafungin was well tolerated with no significant toxicity versus fluconazole;
only 1% discontinued therapy for QTc prolongation [8]. Overall, serious toxicity is uncommon, and most
laboratory abnormalities likely reflect post-transplant physiology rather than intrinsic drug effects.

Stewardship considerations with prophylaxis: Several recent reports have raised concerns about the
emergence of breakthrough Candida and Candida-like infection particularly with C. parapsilosis [44] and
the development of secondary echinocandin resistance in Nakaseomyces glabratus (formerly known as
Candida glabrata) during echinocandin prophylaxis in liver transplant recipients [63]. Most reports
involved micafungin, but these findings are assumed to be generally applicable to all echinocandin
agents. Importantly, none of these studies established a direct causal link between breakthrough
Candida and Candida-like infections and echinocandin resistance, and this signal was not observed in
clinical trials. Rare cases of breakthrough Rhizopus spp. infections were also reported during
echinocandin prophylaxis. Additionally, echinocandins have no activity against Cryptococcus and
Rhizopus spp., and cryptococcal disease remains an uncommon but potentially fatal complication in
patients with liver cirrhosis. Clinical echinocandin resistance in Aspergillus species is uncommon, and
although echinocandin-resistant Aspergillus fumigatus has been described during echinocandin therapy
[66], such reports are rare. To our knowledge, there are no reported cases of Aspergillus infection
occurring during echinocandin prophylaxis in liver transplant recipients to date.

Anti-Mold Triazoles
Among the mold-active triazoles, voriconazole is the most studied in liver transplant recipients.

Benefits: Breakthrough IFIs in liver transplant recipients receiving mold-active triazoles are uncommon,
generally below 3%. One study reported a breakthrough infection rate of less than 1% in patients receiving
voriconazole [23]. RCTs comparing itraconazole with placebo reported no breakthrough IA cases [10], while
Winston 2002 documented a 3% (2/97) breakthrough IA rate [12]. No mold infections were reported with
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isavuconazole through 100 days post-transplant [67]. No published data on posaconazole breakthrough IA
rates in liver transplant recipients are available.

Harms: AEs of anti-mold triazoles include hepatotoxicity, gastrointestinal symptoms, QTc prolongation
(notably with voriconazole and posaconazole), skin reactions and photo carcinogenesis [68] and visual
disturbances (specific to voriconazole). Drug discontinuation due to AE occurred in approximately 2% of
cases, with hepatotoxicity being the most common reason. Itraconazole-related AE were reported in 30—
51% of cases [8, 10], with non-serious events occurring in 51-97% of patients. Abnormal liver function tests
were observed in 3% of cases, and hepatotoxicity requiring discontinuation was documented in 1.5% of
cases. For voriconazole, hepatotoxicity occurred in 2.1% of patients [23], alongside gastrointestinal
disturbances and challenges with maintaining adequate tacrolimus levels. Isavuconazole was associated
with mild AE such as peripheral edema (1%). AE data for posaconazole in liver transplant recipients remain
limited. Careful dose adjustments are crucial to minimize risks, particularly in patients with hepatic or renal
impairment (See Pharmacology Tables: Tables 5a, b and c).

Drug-drug interactions: Azoles are potent inhibitors of cytochrome P450 enzymes, particularly CYP3A4,
leading to significant interactions with immunosuppressants such as tacrolimus, cyclosporine, and sirolimus.
These interactions necessitate close therapeutic drug monitoring and dosage adjustments to prevent toxicity
or underdosing of immunosuppressive agents.

Stewardship considerations with prophylaxis: The use of mold-active triazoles may contribute to colonization
and/or infection with triazole-resistant fungi, especially non-Candida albicans species (e.g. N. glabratus).
However, the clinical burden of triazole-resistant Candida and related yeasts associated with mold-active
triazole prophylaxis in liver transplant recipients remains poorly defined, as few studies reported antifungal
susceptibility data in this context. Prolonged exposure to mold-active triazoles can also select for triazole-
resistant A. fumigatus and A. flavus; however, the risk of such resistance has not been specifically
documented in liver transplant recipients receiving prophylaxis. This likely reflects the low incidence of A in
this population, the relatively short duration of prophylaxis compared with patients with chronic pulmonary
aspergillosis, and the lack of systematic antifungal susceptibility testing and reporting. Importantly, triazole
resistance may also arise from environmental exposure to agricultural azole fungicides [69], suggesting that
both clinical antifungal use and environmental selection pressure contribute to the overall risk. Anecdotal
reports note breakthrough infection of Rhizopus spp. during mold-active triazole prophylaxis. Although these
events may not necessarily be directly attributable to drug selection pressure.

Amphotericin B
Overall, amphotericin B is less commonly used for prophylaxis in liver transplant recipients, but if
administered, lipid formulations (liposomal amphotericin B or amphotericin B lipid complex) are preferred
due to their improved therapeutic index, which reduces nephrotoxicity while maintaining efficacy.

Benefits: Most data on antifungal prophylaxis in liver transplant recipients involve the deoxycholate
formulation of amphotericin B, with reported breakthrough IA rates ranging from 0-9.5% [9, 70-73].

Harms: Amphotericin B has notable side effects, including infusion-related reactions such as fever, chills,
and hypotension. It has notable nephrotoxic potential, which manifests as azotemia and tubular effects, such
as hypokalemia, hypomagnesemia, and renal tubular acidosis. Tubular effects occur even with short-term
use and are largely independent of cumulative dose. Other reported non-serious AE include back pain [71]
and liver toxicity (5% at 1 mg/kg dose [72]). In the setting of early post-liver transplant, liposomal
amphotericin B-driven increases in total bilirubin and mixed transaminases and cholestatic enzymes (albeit
often mild-to-moderate) may be a source of concern leading to premature discontinuance. Liposomal
formulations, such as liposomal amphotericin B, has significantly lowered these risks and improved
tolerability, but remain associated with nephrotoxicity in 2.5-7.8% of patients [9, 70, 71], and SAE leading to
discontinuation in 5-13% [9, 71].

Drug-drug interactions: Amphotericin B has minimal direct pharmacokinetic interactions with
immunosuppressants but may exacerbate nephrotoxicity when combined with nephrotoxic agents like
cyclosporine, tacrolimus, sirolimus, vancomycin or aminoglycosides. Enhanced monitoring of renal function
and electrolyte levels is critical.

Stewardship considerations with prophylaxis:
There is no cross resistance between amphotericin B and triazoles or echinocandins. Amphotericin B also

has a low propensity for acquired resistance among Candida, Candida-like species and Aspergillus [74],
making short-term prophylaxis generally low risk from a resistance standpoint. lts use is primarily limited by
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formulation-specific toxicities, particularly nephrotoxicity and electrolyte disturbances, which are mitigated
but not eliminated by lipid formulations [75]. In addition, use may be constrained by higher cost and the need
for intravenous administration. Breakthrough infections during amphotericin prophylaxis typically reflect
intrinsic resistance or gaps in antifungal coverage (e.g., A. terreus, Lomentospora prolificans,
Scedosporium, Fusarium) rather than drug-induced selection. To date, no significant emergence of
resistance has been reported in liver transplant patients receiving amphotericin B prophylaxis. Ongoing
antifungal susceptibility surveillance and careful consideration of sequential antifungal exposures remain
important stewardship principles, particularly with prolonged or repeated use.

Rationale for recommendation

Balance of benefits and harms / Certainty in the evidence
When comparing anti-Aspergillus prophylaxis options in liver transplant recipients, the panel judged that the
balance of benefits and harms generally favored echinocandins and the newer anti-mold triazoles
(voriconazole, posaconazole and isavuconazole), primarily due to their more favorable side effect profile as
compared to amphotericin B formulations (infusion-related reaction and nephrotoxicity) and itraconazole
(gastrointestinal side effects and variable absorption). However, direct evidence in liver transplant recipients
remains limited. To date, posaconazole has not been formally studied for prophylaxis in this population.
Although isavuconazole use has been reported in a study that included liver transplant recipients, data
specific to its effectiveness for prophylaxis have not yet been published. As a result, recommendations
regarding posaconazole and isavuconazole are extrapolated from trial data in other transplant populations.

Overall, the certainty in the evidence remains very low due to the paucity of head-to-head comparative
studies and the small sample size of available cohort studies.

Other considerations
The panel judged that either voriconazole, posaconazole, isavuconazole or echinocandins are preferred for
antifungal prophylaxis. Itraconazole is limited by unreliable absorption and significant drug-drug interactions.
Voriconazole and posaconazole also have notable interactions, requiring careful monitoring. Amphotericin B
formulations have limited tolerability at optimal dosing, are only available intravenously, and carry increased
costs. Stewardship considerations may influence agent selection and differ across antifungal classes.

Conclusion

The guideline panel suggested using an echinocandin or a newer anti-mold triazole (voriconazole, posaconazole or
isavuconazole) rather than amphotericin B formulations or itraconazole for targeted anti-Aspergillus prophylaxis for
liver transplant recipients at high risk of IA in the post-transplantation period.

Considerations for Implementation of the recommendation

When selecting a preferred agent for antifungal prophylaxis, the panel suggested considering the following drug
characteristics: 1) efficacy; 2) side effect profile and tolerability; 3) potential for drug-drug interactions with commonly
used transplant medications; 4) oral bioavailability; 5) need for therapeutic drug or laboratory monitoring; 5) cost; and
6) broader ecological impact from an antimicrobial stewardship perspective. Given the improved oral availability and
tolerability of newer anti-Aspergillus triazoles, itraconazole, with its variable gastrointestinal absorption and significant
interpatient pharmacokinetic variability, is now infrequently used as a first-line prophylactic agent and is generally
reserved for specific situations where alternative agents are unsuitable.

At present, no data clearly support either an echinocandin or an Aspergillus-active triazole as the preferred agent for
prophylaxis. Echinocandins offer several advantages, including excellent activity against Candida and Candida-like
spp., including triazole-resistant species which is the most common fungal infection in liver transplant recipients, a
favorable toxicity profile and minimal interactions with calcineurin inhibitors. Their limitations include the intravenous
only administration, uncertain efficacy against Aspergillus, lack of activity against Cryptococcus and Rhizopus, and
occasional breakthrough Candida and Candida-like infections.

Mold-active triazole (especially posaconazole and isavuconazole) provide strong activity against Aspergillus,

Cryptococcus and some Rhizopus spp., but carry drawbacks including breakthrough Candida and Candida-like
infections (with potential for triazole-resistant), significant drug-drug interactions with immunosuppressive therapies,
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and substantial interpatient pharmacokinetic variability. Current data on the use of posaconazole or isavuconazole
specifically for prophylaxis in liver transplant recipients are lacking. However, based on their established efficacy in
other immunocompromised populations and their favorable pharmacologic profiles, extrapolation to this setting may
be reasonable, but further clinical data is preferable.

Amphotericin B is generally reserved for cases where triazoles are contraindicated, or broad-spectrum antifungal
coverage is essential.

Ultimately, the choice of prophylactic anti-Aspergillus agent should be guided by local epidemiology and center-
specific experience, including rates of |IA and prevalence of triazole-resistant Candida and Candida-like species in
addition to benefits, risk, drug-drug interactions and stewardship considerations.

Research gaps /needs

Despite existing studies on anti-Aspergillus prophylaxis in liver transplant recipients, several critical gaps remain.
First, there are no studies systematically evaluating newer Aspergillus-active triazoles, such as posaconazole or
isavuconazole, long-acting echinocandins (e.g. rezafungin), or other emerging antifungal classes (See Pharmacology
Tables, Table 1c) in this population. Most randomized trials and observational studies primarily assessed older
agents, including amphotericin B formulations and itraconazole, which are now largely replaced in clinical practice
due to concerns over efficacy, toxicity, and pharmacokinetics. Prospective studies are needed to clarify the role of
these newer agents, considering their apparent improved oral bioavailability, broader antifungal spectrum, and
potentially better tolerability.

Second, echinocandins are fungistatic against Aspergillus, and breakthrough aspergillosis has been documented in
other immunocompromised populations, such as patients with hematologic malignancy. Existing liver transplant
studies did not demonstrate breakthrough IA when prophylactic echinocandins were used during the peri-transplant
period. The incidence of IA after liver transplant is relatively low, and the sample size and event rates in existing
studies might not have adequate power to detect a clinically meaningful increase in risk.

Third, liver transplantation practices, immunosuppressive regimens and antifungal stewardship principles have
evolved substantially over the past decade. For example, the incidence of triazole-resistant Aspergillus species has
increased, and several novel antifungal agents are in development that may offer new options for prophylaxis and
treatment. Additionally, eligibility criteria for liver transplantation have also evolved (e.g., severe alcoholic hepatitis on
high-dose corticosteroids) and risk factors for IA continue to change. Current prophylaxis data are largely limited to
the immediate post-transplant period, leaving gaps regarding the optimal duration of prophylaxis. Defining an optimal
duration is critical to minimize unnecessary antifungal exposure while providing adequate duration of protection for
the period of highest risk, including periods of augmented immunosuppression or complications later post-transplant.

Taken together, these issues raise questions about the applicability of older data to contemporary clinical practice.
Prospective data are needed, ideally through large, multicenter observational cohorts or international registries using
target trial emulation methods, to define modern risk-adapted prophylaxis strategies.
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Kidney Transplant Recipients

Kidney transplant procedures are generally classified as clean surgeries, connecting two sterile vascular structures
(artery to artery, and vein to vein) and implanting the donor ureter into the dome of the urinary bladder. Peri-operative
yeast and mold infections are uncommon. Peri-operative antifungal prophylaxis is often limited to topical mucosal
agents, such as nystatin, to prevent thrush. IA infections are uncommon. Prolonged RRT before transplant is known
to increase the risk of 1A [76, 77].

Incidence of invasive aspergillosis in kidney transplant recipients not receiving anti-Aspergillus
prophylaxis

To understand the true burden of IA in kidney transplant recipients, a mapping review across 34 observational studies
published from 2000 to 2025 was performed to determine the incidence of IA in kidney transplant recipients not
receiving anti-Aspergillus prophylaxis (See Supplementary material for details) [30, 34, 78-109]. Among 35,240
kidney transplant recipients from the 34 studies, 328 cases of proven or probable IA were identified based on
EORTC/MSG criteria [13, 14, 54] or comparable definitions [110-113]. The pooled incidence of IA was 0.8% (95%
confidence interval 0.6 to 1.2%). The one-year all-cause mortality among 124 cases with available survival data was
45%.

Incidence of invasive aspergillosis in kidney transplant recipients from registry studies

Two large United States database registry studies that used billing codes to detect cases of IA included a total of
90,608 patients [114, 115]. These registry studies were of similar duration (3.5 and 4 years respectively) but from
different periods; (1994-1997 and 2005-2008, respectively). The pooled incidence for IA 0.4% (95% CI: 0.2% to
0.6%).

Additional factors for consideration

Factors associated with increase IA risk include low volume transplant centers, older age, preceding bacterial
pneumonia, Candida colonization (which may be a surrogate marker for severe immunosuppression), diabetes,
chronic lung or heart disease, and leukopenia [80, 115]. Other factors that may increase risk include delayed graft
function, acute rejection, and RRT [86, 89].

Limitations

Estimating the incidence of IA was challenging due to several limitations. Kidney transplant recipients are generally
not considered at high risk for IA; thus, anti-mold prophylaxis is generally not used. reporting of prophylaxis use was
inconsistent, potentially leading to misclassification. Definitions of proven and probable IA varied across studies and
over the long time frame of patient enroliment. Although EORTC/MSG criteria or similar definitions were followed to
include cases of only proven or probable IA, cases of possible IA may have been included, particularly during earlier
years. Most studies were retrospective, observational, and single center, and diagnostic modalities for |A varied
between centers. For the six studies that only reported pulmonary IA, non-pulmonary infection site(s) may have been
missed and could have contributed to an underestimate of the incidence of IA. Not all studies included the ages of
patients, and pediatric patients were mixed with adults in some of the studies. The two large registry studies used
diagnoses from billing codes which may be unreliable, and for many of these patients only the first hospitalization was
included. Finally, factors that increase the risk for IA in individual patients could not be well defined.

Conclusions

Given the low pooled incidence of 1A (0.4%), the use of universal anti-Aspergillus prophylaxis is expected to provide
limited benefits and thus a less favorable balance of benefits and harms. The current available evidence does not
support the use of universal IA prophylaxis in kidney transplant recipients.

Research gaps

Factors that may increase the risk for IA in individual patients need to be better defined particularly: re-
transplantation, augmented immunosuppression (e.g., reinduction immunosuppression, donor organs with high panel
of reactive antigens). The issue of commercial kidney transplantation involving high risk for infection is one that needs
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to be more fully evaluated, as the role of local environmental exposure in the era of transplant tourism may be an
additional risk factor [111, 116-118]. Finally, no studies reported on donor-derived infections.
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Pancreas Transplant Recipients

Pancreas transplant recipients are susceptible to infections, most commonly peri-operative wound or intraabdominal
bacterial or yeast infections. As the pancreatic duct is fragile, at the time of transplant surgery a duodenal cuff is
prepared from the donor small bowel and anastomosed to the recipient’s bladder (bladder-drained, historically
common) or small bowel (enteric-drained, common in recent years). Since yeast are part of small bowel flora, peri-
operative yeast prophylaxis with fluconazole is often administered for 1-2 weeks. The risk and epidemiology of IA
following pancreas transplant, either related to surgical procedure or to subsequent immunosuppression, are not well
described.

Incidence of invasive aspergillosis in pancreas transplant recipients not receiving anti-Aspergillus
prophylaxis

To understand the true burden of IA in pancreas transplant recipients, a mapping review across observational studies
published from 2000 to 2025 was performed to determine the incidence of IA in patients who did not receive anti-
Aspergillus prophylaxis (See Supplemental material, Descriptive question for details). Among 1,234 pancreas
transplant recipients from 11 studies [26, 87, 119-127], 10 cases of proven or probable IA were identified using
EORTC/MSG criteria or comparable definitions [13, 14, 54, 110]. The pooled incidence of IA was 0.8% (95%
confidence interval 0.3% to 1.7%). The one-year all-cause mortality was 70%, although only three deaths were
clearly attributable to IA. Timing of IA onset was reported in four cases, ranging from approximately 90 to 340 days
post-transplant, with infections predominantly involving the lungs and paranasal sinuses.

Limitations

Estimating the incidence of IA was challenging due to several methodological limitations. Definitions of proven and
probable IA varied over the long timeframe of patient enrollment, since most studies were published prior to the 2008
EORTC/MSG criteria. The small number of IA cases and limited reporting of patient- and donor-level risk factors
precluded robust statistical assessment of risk factors. Although some reports suggest a higher incidence of 1A
among patients receiving lymphocyte-depleting agents such as alemtuzumab, available data are insufficient to
confirm this association [120, 123, 125].

The overall quality of the evidence is low, reflecting several potential sources of bias. Most studies were retrospective
and single center, which may introduce selection and reporting biases. Key clinical variables, such as donor and
recipient comorbidities, peri-operative management, and prior Aspergillus colonization, were inconsistently reported,
limiting adjustment for confounders. Additionally, heterogeneous definitions and follow-up durations across studies
may have led to underestimation or overestimation of A incidence. The low number of events further limits the ability
to identify risk factors or generalize findings to contemporary transplant populations.

Conclusions

Given the low pooled incidence of IA (0.8%), the use of universal anti-Aspergillus prophylaxis is expected to provide
limited benefits and thus a less favorable balance of benefits and harms. The current available evidence does not
support the use of universal IA prophylaxis in pancreas transplant recipients.

Research gaps

The use of pancreas transplant to control diabetes has declined since its peak in 2004, due to improved medical
therapies and better overall management of diabetes. Transplant centers and patients have explored islet cell
transplantation as an alternative, though it is not yet a standard treatment. The decline in procedure volume has led
to fewer surgeons trained in pancreas procurement and transplantation, which may impact their skill level. Despite
lower volumes, outcomes for pancreas transplants have consistently improved, with high graft and patient survival.
Given these trends, further publications on the incidence of IA in pancreas transplant recipients are unlikely. Multi-
center studies using systematic transplant registry data would be valuable to define IA risk and guide prophylaxis
strategies.
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