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atients with acute myeloid leukemia (AML) belong

to the highest risk group for developing invasive fun-

gal disease (IFD) at diagnosis or during treatment

course. Relevant entities of IFD in this population
include invasive candidiasis and candidemia mostly acquired
through fungal translocation of commensal yeasts from the
lumen of the gastrointestinal tract via the mucosal barrier,
whereas invasive mold infections are acquired through air-
borne inhalation of fungal conidia, airway germination, and
subsequent dissemination. These entities affect profoundly
neutropenic patients. Therefore, triazole-based antifungal
prophylaxis for mold coverage has been a cornerstone for
clinical management in this patient population for decades,
with results from randomized controlled trials (RCT) sup-
porting its use in prevention of IFD and reducing mortality
with low numbers-needed-to-treat.!?

Although novel-targeted therapies have recently become
available with promising data to improve the outcome of AML,
their metabolism pathways interact with antifungals of the
azole class. This poses significant challenges in patient manage-
ment.? Clinical questions at this crossroad comprise (i) if anti-
fungal prophylaxis is to be implemented depending on novel
agent and status of disease, (ii) the selection of antifungal agent
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and duration of its use, and (iii) the role of potential drug-drug
interactions (DDI) for toxicity.*® The latter has been an upcom-
ing issue in recent years as many novel available targeted thera-
pies, like venetoclax, FLT3-inhibitors (midostaurin, gilteritinib,
quizartinib, etc.), or IDH-inhibitors (ivosidenib, enasidenib) are
substrates of the cytochrome p450 enzyme system to a vary-
ing extent, whereas triazole antifungals like posaconazole and
voriconazole are potent inhibitors of this system.®

To address those questions, EHA gathered an expert group
in 2019 to give recommendations for clinical management in
cooperation with the Cochrane Haematology Group. For the
resulting guideline, studies including all relevant novel-targeted
agents and antifungal agents were reviewed, summarized and—
depending on available studies—evidence-based or consen-
sus-based recommendations were phrased.

Despite the obvious lack of high-quality studies assessing
the use of antifungal prophylaxis in this specific setting, evi-
dence-based recommendations were phrased for the hypometh-
ylating agents (HMA) azacitidine and decitabine, as well as
for venetoclax, gemtuzumab-ozogamicin, and midostaurin.
Consensus-based statements were given for dasatinib, gil-
teritinib, glasdegib, idasanutlin, ivosidenib, lestaurtinib, and
sorafenib, generally with low to very low certainty of evidence.”
For some AML drugs, no recommendation was possible due to
scarce data and other agents, such as etrenapopt, olutasidenib,
and others, were not considered since even the clinical trial data
for safety and efficacy had not been available when this guide-
line was endeavored.

Generally, the use of antifungal prophylaxis is indicated in fit
patients with AML during remission-induction chemotherapy (RIC),
as recommended by former guidelines, also if combined with novel
agents, for example, FLT3-inhibitors, especially in the context of
long-lasting neutropenia.®!° Since incidence of IFD in patients with
AML not treated with intensive RIC has long been suggested to be
lower, treating physicians do not consider this a scenario to admin-
ister antifungal prophylaxis. However, retrospective studies have
shown an IFD incidence of up to 8%, being high enough to consider
administering prophylaxis to prevent disease and premature death
from IFD.!" In monotherapy settings, for example, with gilteritinib
in relapsed/refractory AML, where duration of neutropenia cannot
be estimated or is due to the underlying disease status, antifungal
prophylaxis is also recommended. The only situation with robust
underlying data from clinical studies to support dose reduction is


mailto:Jannik.stemler@uk-koeln.de
https://orcid.org/0000-0001-9152-2469
https://orcid.org/0000-0001-9599-3137
https://orcid.org/0000-0001-9599-3137
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1097/HS9.0000000000000742

Stemler and Cornely

Antifungal Prophylaxis in AML Treated With Targeted Therapies

Summary of Recommendations Regarding Antifungal Prophylaxis for Clinically Relevant Antileukemic Drugs

Evidence-Based

AFP or Consensus-Based
Drug Clinical Setting Recommendation Recommendation Comment
5-Azacitidine  Induction and maintenance, generally Conditional for Evidence-based with low AFP should be considered in heavily pretreated patients, as

combined with bcl-2 inhibitors AFP

Decitabine Induction and maintenance, generally Conditional for
combined with bcl-2 inhibitors AFP

Enasidenib Monotherapy or combination therapy with ~ No recommen-
RIC or other agents dation

Gemtuzum- During RIC in combination with intensive ~ Conditional for

ab-0zogamicin chemotherapy AFP

Gilteritinib Monotherapy in relapsed or refractoy AML  Either for/
against AFP
Glasdegib Monotherapy or in combination with LDAC ~ Conditional
against AFP
Ivosidenib Monotherapy or combination therapy with  Either for/
RIC or other agents against AFP
Midostaurin During RIC in combination with inten- Conditional for
sive chemotherapy or as maintenance AFP
monotherapy
Sorafenib Maintenance monotherapy or during RIC in  Conditional for
combination with intensive chemotherapy ~ AFP
Venetoclax Induction and maintenance in combination  Conditional for
with hypomethylating agents or other drugs AFP
Quizartinib During RIC in combination with intensive Conditional for

chemotherapy AFP

certainty of evidence
Consensus-based

Consensus-based

Consensus-based

Consensus-based

Consensus-based

Consensus-based

secondary prophylaxis in patients with previous IFl and patients with
long-lasting neutropenia.

Data regarding incidence and potential benefit of AFP was also
extrapolated from patients treated with azacitidine.

No recommendation was given due to limited clinical use and
documentation of IF.

Close monitoring for potential DDI and QTc interval.

Evidence-based with low Strong recommendation for AFP during RIC.
certainty of evidence
Consensus-based

In monotherapy setting, no benefit of AFP was documented.
Triazole AFP should be considered in heavily pretreated patients.
Close monitoring for potential DDI and QTc¢ interval.

Conditional recommendation to reduce the dose to 250mg/day if
concomitant use to strong CYP43A4 inhibitors.
Close monitoring for potential DDI and QTc interval.

Evidence-based with low Strong recommendation for AFP during RIC.
certainty of evidence

Individual decision for or against antifungal prophylaxis when
administered as monotherapy.

Close monitoring for potential DDI and QTc interval.

Strong recommendation for triazoles during RIC treatment.

Evidence-based with low Prefer AFP with triazoles during induction treatment. Reduce
certainty of evidence

venetoclax dose to 70mg when using posaconazole or voriconazole
concomitantly.

Strong recommendation for AFP during RIC with a dose reduction of
quizartinib if triazole prophylaxis is used.

In- monotherapy setting, recommendation against AFP.

AML = acute myeloid leukemia; AFP = antifungal prophylaxis; DDI = drug-drug interactions; HMA = hypomthylating agents; IFl = invasive fungal infection; LDAC = low-dose cytarabine;RIC = remission-in-

duction chemotherapy.

the treatment with a combination of HMA and venetoclax with
a recommendation to administer antifungal prophylaxis with
a triazole and reduce the venetoclax dose by at least 75%
with real-life data showing similar durations of neutropenia and
thrombocytopenia as compared to administration of venetoclax
without an azole.”> However, several retrospective studies show
that potential DDI can play a role and their impact is not yet fully
defined, such as in the case of midostaurin and gilteritinib. Further
clinical concepts and their investigation under real-life condi-
tions need to determine their use to support dose adaptations of
the AML agent and the administration or omission of antifungal
prophylaxis.’>'* Administration of other prophylactic antifungal
agents, such as echinocandins, is more and more often consid-
ered in case of potential DDI. However, for these agents evidence
is sparse and they are not lincensed for this indication in patients
with AML and through their daily IV administration are a less fea-
sible option for the outpatient setting in which many patients with
orally administered targeted AML therapies are treated. Therefore,
the strongest recommendation for antifungal prophylaxis remains
for a mold-active triazole-based approach.”

If the recommendation was “either for or against antifungal
prophylaxis,” this should guide the treating physician to tak-
ing the decision context-dependent, that is, according to the
patient’s individual scenario, such as expected duration of neu-
tropenia, history of IFD or local epidemiology of IFD.

The published recommendations also have limitations that
remain a future challenge in the context of diversifying treat-
ment settings for AML, emerging fungal pathogens and anti-
fungal resistance, and different management approaches to
prevent IFD. The clinical setting of a combination of any novel

AML agent and their impact on development of IFD was not
considered. Furthermore, the guideline’s scope was narrowed
to mainly evaluate antifungal medication for prophylaxis and
to respond concerns regarding potential DDI emphasizing the
pharmacological perspective. Other approaches to reduce the
risk of IFD, including general infection control measures like
hand hygiene compliance, bundle-based care protocols for cen-
tral venous access devices or reduction of environmental fungal
conidia exposure, were not discussed. As a more general remark,
antifungal stewardship principles should be implemented in any
patient receiving an antifungal to determine the appropriate
duration of exposure.

The EHA guidance also includes a research agenda. Further
investigations in the field may comprise RCTs to evaluate efficacy
of antifungal prophylaxis in patients with AML not treated with
intensive RIC, as well as the assessment of real-life utilization of
antifungal prophylaxis in patients with AML. The incidence of
IFD in this high-risk population remains not well-defined and
should be assessed in registries. Drug metabolization and thereby
cytochrome p450-associated potential DDI including polymor-
phisms in the individual patient may gain importance for deter-
mination of the optimal cancer management. In this context,
therapeutic drug monitoring (TDM) may play an increasing role
to assess clinically relevant DDI by monitoring drug levels of both
the antifungal, where TDM in a therapeutic setting is already a
standard-of-care, and the antileukemic drugs. Further, this may
even enable clinicians to adapt and personalize the dose accord-
ing to measured level to finally optimize therapeutic effect and
reduce toxicity of both drugs and thereby harnessing the maxi-
mum benefit for the individual patient.
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