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Background. Acute myeloid leukemia (AML) is associated with poor prognosis, particularly in elderly patients with 
comorbidities. Combining azacitidine (AZA) with BCL-2 inhibitor venetoclax (VEN) demonstrated significant improvement in 
outcomes for newly-diagnosed AML patients compared to AZA alone. However, this regimen is myelosuppressive, and the 
incidence of invasive fungal infections (IFIs) and impact of antifungal prophylaxis are not well defined.

Methods. This retrospective cohort study evaluated newly-diagnosed AML patients treated with VEN/AZA at the University of 
Colorado Hospital from January 2014 to August 2020. Patients with history of prior IFI were excluded. Primary outcome was IFI 
incidence during VEN/AZA therapy. χ2 and Fisher exact tests assessed the impact of patient demographics, AML-specific risk 
factors, and receipt of antifungal prophylaxis on IFI incidence.

Results. 144 VEN/AZA-treated AML patients were included in the study. 25 (17%) patients developed IFI: 8% (n = 2) “proven,” 
24% (n = 6) “probable,” and 68% (n = 17) “possible” per European Organization for Research and Treatment of Cancer and the 
Mycoses Study Group Education and Research Consortium criteria. There was no statistically significant association between 
IFI incidence with age, sex, or European LeukemiaNet classification. 10 patients received antifungal prophylaxis; none 
developed IFI. IFI incidence rate per 1000 patient-days was greatest 0–9 days after starting VEN/AZA, at 8.39.

Conclusions. Incidence of “proven” and “probable” IFI in our VEN/AZA-treated AML cohort was 5.6%, in-line with incidence 
rates reported by recent similar studies. Furthermore, IFI incidence decreased as days from starting VEN/AZA therapy increased.
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Acute myeloid leukemia (AML) is the most common acute leuke
mia in adults, with a median age at diagnosis of 68 years [1]. For 
patients who can tolerate it, the standard of care is to treat newly 
diagnosed patients with intensive chemotherapy containing an 
anthracycline and cytarabine [2]. However, many AML patients 
are not candidates for this therapy due to an increased likelihood 
of having medical comorbidities, increased potency of cytotoxic 
effects, and increased probability of genetic abnormalities, all of 
which are associated with older age [3]. In these cases, the standard 

of care is to administer the hypomethylating agent azacitidine 
(AZA) with the BCL-2 inhibitor venetoclax (VEN).

The myelosuppressive properties of this regimen are well 
known. When comparing VEN/AZA treatment with AZA 
and a placebo, the incidence of anemia (26% vs 20%), thrombo
cytopenia (45% vs 38%), and neutropenia (42% vs 29%) were all 
greater in patients who received VEN/AZA treatment [4]. The 
median duration of neutropenia in the first cycle of treatment is 
25 days; during subsequent cycles, this decreases to 14.5, 9.5, 
12.5, and 7 days for cycles 2, 3, 4, and 5, respectively [5]. Use 
of a prophylactic antifungal agent for patients receiving AZA 
alone is not recommended, as it has been shown that the num
ber of AML or myelodysplastic patients needed to treat to pre
vent 1 case of invasive fungal infection (IFI) in patients with 
severe neutropenia was 24 patients [6]. Given the increased 
myelosuppressive properties of this combination, the value of 
routine use of a prophylactic antifungal agent is not clear.

While the use of antifungal prophylaxis is effective at reduc
ing the incidence of IFI in immunocompromised patients, pro
phylactic azoles inhibit CYP3A4, which requires significant 
dose reductions of VEN [7]. Previous studies demonstrated 
that 84% of patients receiving VEN/AZA subsequently 
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developed infections, compared to only 67% of patients in the 
control group [8]. In contrast, multiple studies have since 
shown that not only does use of VEN with a hypomethylating 
agent demonstrate incidence rates as low as 5.1% in proven and 
probable IFI for AML patients, but also that incidence rate does 
not significantly change with and without the use of antifungal 
prophylaxis [9, 10]. This study evaluated the incidence of IFIs 
in AML patients treated with VEN/AZA to determine if anti
fungal prophylaxis is beneficial for this patient population.

METHODS

This was a retrospective cohort study conducted at the 
University of Colorado Hospital (UCH). Patients with newly 
diagnosed AML treated at UCH between January 2014 and 
August 2020 with VEN/AZA were included. This study was ap
proved by the Colorado Multiple Institutional Review Board 
prior to study initiation. Data collected included demographic 
and clinical characteristics such as age, sex, death, AML classi
fication, and European LeukemiaNet (ELN) classification. Risk 
factors for IFI evaluated were age ≥65 years, sex, unfavorable 
ELN classification, and receipt of antifungal prophylaxis.

Duration of VEN/AZA therapy was defined as the time from 
initiation of induction therapy through 1 of the 4 endpoints: (1) 
patient discontinuation, (2) progression of disease, (3) bone 
marrow transplantation, or (4) death. If a patient were to reach 
any of the 4 endpoints during VEN/AZA therapy, the day the 
endpoint was reached was used as the end date. Antifungal pro
phylaxis was defined as receipt of ≥1 day of systemic antifungal 
for preventive purposes while receiving therapy with VEN/AZA.

The primary outcome was incidence of IFI as defined by the 
European Organization for Research and Treatment of Cancer 
and the Mycoses Study Group Education and Research 
Consortium (EORTC/MSGERC) [11]. IFIs were further classi
fied as “proven,” “probable,” or “possible” based on defined 
clinical, radiologic, and laboratory criteria. Subgroup analysis 
included incidence of IFI based on age, sex, ELN classification, 
and receipt of antifungal prophylaxis.

Patient baseline characteristics were evaluated using descrip
tive statistics. A χ2 test was used to calculate P values for cate
gorical outcomes, with a significance threshold of .05. In the 
event of small cell counts, Fisher exact test was used to deter
mine P values. To account for possible confounding by death, 
Cochran-Mantel-Haenszel adjustment was carried out for cat
egorical variables of interest, and a death-adjusted P value and 
odds ratio were reported.

RESULTS

In total, 144 patients who received VEN/AZA therapy were eval
uated. Patients with history of prior IFI were excluded from the 
total patient count (n = 5), as they are at a higher likelihood of 
developing subsequent IFIs compared to patients without 

history of prior IFI. Median age was 72 (interquartile range 
[IQR], 66–76) years and 49% of patients were female 
(Table 1). The median duration of VEN/AZA therapy was 137 
(IQR, 56–268) days. Ten (6.9%) patients received antifungal 
prophylaxis during therapy. Eighty-one (56%) patients devel
oped neutropenia, with a median duration of 35 (IQR, 19–58) 
days.

Of the 144 VEN/AZA-treated AML patients, 25 cases (17%) 
of IFI were identified (Table 2). Of these, only 8 (5.6%) cases 
were classified as “proven” or “probable” according to the 
EORTC/MSGERC definition. Among patients with proven or 
probable IFI (n = 8), all cases were most consistent with invasive 
pulmonary aspergillosis (IPA). One patient with proven IPA ul
timately died, with evidence of Aspergillus seen on autopsy.

For each secondary outcome of interest (Table 2), patients 
were categorized by the presence or absence of IFI. After calcu
lating both a standard and death-adjusted odds ratio and P value 
for each outcome of interest, age, sex, ELN classification, and re
ceipt of antifungal prophylaxis were all not significantly associ
ated with incidence of IFI or incidence of proven/probable IFI.

For patients with proven, probable, and possible IFI, the in
cidence rate per 1000 patient-days was plotted versus the num
ber of days from starting VEN/AZA treatment (Figure 1). The 
incidence rates per 1000 patient-days for each categorization of 

Table 1. Demographics and Classification of Patients With Acute 
Myeloid Leukemia

Characteristic
All Patients 
(N = 144)

IFI 
(n = 25)

No IFI 
(n = 119)

Age, y, median (IQR) 72 (66–76) 73 (65–78) 72 (66–76)

Sex, female 71 (49) 10 (40) 61 (51)

Death 38 (26) 10 (40.0) 28 (23.5)

AML classification

Secondary AML 59 (41) 13 (52) 46 (39)

De novo AML 35 (24) 7 (28) 28 (24)

ELN classification

Unknown/unable to assess 5 (3.5) 1 (4) 4 (3.4)

Unfavorable 92 (64) 18 (72) 74 (62)

Intermediate 23 (16) 2 (8) 21 (18)

Favorable 24 (17) 4 (16) 20 (17)

VEN/AZA duration, d, median 
(IQR)

137 (56–268) 206 (62–292) 133 (55–256)

Duration of neutropenia, d, median 
(IQR)

35 (19–58) 55 (38–68) 32 (14–55)

Antifungal prophylaxisa 10 (6.9) 0 (0) 10 (8.4)

Anidulafungin 6 (60) 0 (0) 6 (60)

Azole 5 (50) 0 (0) 5 (50)

Fluconazole 4 (80) 0 (0) 4 (80)

Isavuconazole 1 (20) 0 (0) 1 (20)

Antifungal prophylaxis duration, 
d, median (IQR)

31 (9–63) NA 31 (9–63)

Data are presented as No. (%) of patients unless otherwise indicated.  

Abbreviations: AML, acute myeloid leukemia; ELN, European LeukemiaNet; IFI, invasive 
fungal infection; IQR, interquartile range; NA, not assessed; VEN-AZA, venetoclax/ 
azacitidine.  
aMay have received >1 antifungal agent.
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days post–VEN/AZA treatment were 8.39 (0–9 days), 1.48 (10– 
19 days), 1.83 (20–29 days), 0.23 (30–39 days), 0.19 (40–49 
days), 0.33 (50–59 days), and 0.07 (≥60 days).

DISCUSSION

Of the 144 AML patients treated with VEN/AZA included in 
this study, 25 (17%) were diagnosed with either a proven, prob
able, or possible IFI. The rate of proven and probable IFI in our 
cohort was 5.6%. Our incidence rate was very similar to the 
5.1% incidence rate of probable or confirmed IFI from a recent 
study that also looked at the use of VEN with either AZA or 
decitabine in patients with AML [9]. These consistent rates sug
gest a lower likelihood of IFI incidence than previously report
ed rates for newly diagnosed AML cohorts that were similarly 
treated, where the incidence of proven and possible IFIs was 
16% for patients treated with hypomethylating agent–based in
duction therapy [12]. In other studies, cohorts that received in
duction, reinduction, or consolidation chemotherapy plus 
antifungal prophylaxis reported incidences of proven and 
probable IFI of 5.9% with antimold prophylaxis and 8.7% with
out antimold prophylaxis [13].

In our cohort, the incidence rate of IFI per 1000 patient-days 
was greater when the timeframe between start of VEN/AZA 
therapy and diagnosis of IFI was shorter. Our results suggest 
that the risk of developing an IFI during VEN/AZA therapy is 
not associated with increased duration of therapy. Therefore, al
though VEN/AZA therapy does have significant myelosuppres
sive properties, the greatest incidence of IFI being within 10 days 
of starting VEN/AZA therapy suggests that prolonged neutro
penia as a result of VEN/AZA therapy is not a significant risk 
factor of developing an IFI in our patient cohort [4]. 
However, existing literature has shown that prolonged neutro
penia for >10 days is associated with invasive aspergillosis [14]. 
A possible explanation for our patient cohort developing IFIs 
early on during VEN/AZA therapy is the existence of neutrope
nia before VEN/AZA therapy was started. The median duration 
of neutropenia in patients diagnosed with IFI from the date of 
their AML diagnosis to their respective endpoint date was 55 
days, compared to 32 days for patients who were not diagnosed 
with IFI. Given that neutropenia is a known clinical marker of 
underlying hematological diseases and is associated with 
AML, prolonged neutropenia before VEN/AZA therapy could 
have contributed to our cohort patients who developed an IFI 
[15, 16]. Thus, VEN/AZA therapy potentially contributes to 
the severity of neutropenia and ultimately the acute develop
ment of IFI in these patients. Establishing benchmarks for neu
trophil counts or duration of neutropenia that identify AML 
patients at risk for developing an IFI acutely after starting 
VEN/AZA therapy warrants future research and discussion.

Current Infectious Diseases Society of America guidelines 
recommend antifungal prophylaxis for patients likely to have Ta
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prolonged neutropenia [17]. Most recommendations have been 
developed with standard intensive chemotherapy regimens as 
the treatment modality; indeed, previous studies using conven
tional AML therapies have shown decreased incidence of IFI 
when antimold prophylaxis is utilized, supporting these recom
mendations [13]. However, in the AML field, VEN-based ther
apies, with a distinct mechanism of action, are becoming more 
prevalent. Whether different antifungal recommendations 
should be made in the context of this novel therapy is unclear. 
The severity and prevalence of IFIs in this patient population is 
evident, as they have been shown to have the highest incidence 
of occurring in AML patients, with mortality rates of up to 40%, 
making IFI treatment especially important [18]. Given in the 
literature that neutropenia is a significant risk factor for IFI, ju
dicious use of granulocyte colony-stimulating factor for pa
tients who achieve a morphologic remission should be 
considered [19]. However, antifungal prophylaxis is not neces
sarily the right fit for all patients, such as the vast majority of 
those planning to start VEN/AZA therapy. Preemptive antifun
gal therapy results in similar mortality rates as prophylaxis and 
decreases the incidence of treatment toxicity by significantly 
decreasing the use of antifungal agents; whereas incidence of 
IFI was significantly higher with preemptive antifungal thera
py, there was no significant difference in rates of survival be
tween the 2 therapies [20]. Additionally, the same study 
found that patients treated with preemptive therapy for IFI 
had a significant decrease in antifungal drug costs, including 
some therapies that would have decreased costs by 40% if 
used by all patients [20].

Local rates of IFI should influence the decision to utilize a 
universal antifungal prophylaxis protocol versus a preemptive 
monitoring protocol; therefore, multiple factors outside of 
VEN/AZA therapy potentially contribute to our low incidence 
of IFI, one being geographical location. In the United States, 
predictive models of coccidioidomycosis and climate change 
warn that warmer temperatures may increase the incidence 
and area of at-risk regions of Valley fever by up to 50%, which 
is typically only found in the southwestern United States [21]. 
Other mycoses such as histoplasmosis are known to be found in 
regions of 35–50 inches of rainfall along with temperatures 
around 22°C–29°C [22]. Given Colorado’s typically dryer 
weather along with cold winter months, climate potentially de
creases the incidence of IFI. Further investigation on specific 
geographical and climate features of Colorado should be con
sidered in the future to better understand what specific factors 
about Colorado’s location possibly contribute to the lower in
cidence of IFI. Another factor to consider is that variation in 
the backbone therapy with VEN may impact incidence of IFI. 
The use of AZA and a similar hypomethylating agent, decita
bine, in combination with VEN results in similar overall surviv
al (16.4 months and 16.2 months, respectively), yet the 
incidence of febrile neutropenia was 39% with AZA compared 
to 65% for decitabine [23]. When comparing AZA with decita
bine, decitabine is known to cause significantly higher risks of 
anemia, febrile neutropenia, and leukemia in AML patients; 
thus, it is thought to have a higher level of toxicity that is con
sidered when choosing a hypomethylating agent [24]. Other 
studies that used AZA for patients as maintenance therapy after 

Figure 1. Incidence rate of invasive fungal infections (IFIs) after starting venetoclax/azacitidine (VEN/AZA) treatment. Patients diagnosed with proven, probable, and pos
sible IFI were categorized by the number of days between starting VEN/AZA treatment and starting antifungal treatment.
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remission of AML have similarly found neutropenia as com
mon severe adverse events, with incidence rate of 41% com
pared to 24% in a placebo group [25]. Given the variability in 
IFI incidence based on geographical location and combination 
regimen with VEN, both of which likely play a role in antifun
gal prophylaxis protocol at different healthcare institutions, a 
blanket recommendation to use or not use antifungal prophy
laxis is not suitable for every medical practice. Thus, there 
should be unique discussions on the benefits, risks, and alterna
tives of prophylaxis regimens at each institution.

There were several limitations to our retrospective cohort 
study. In this study, 10 (6.9%) patients received antifungal pro
phylaxis, and none developed an IFI; we determine that the 
number needed to treat with antifungal prophylaxis to avoid 
IFI is 12 patients. These 10 patients were included so that our 
retrospective cohort study could be comprehensive and include 
all AML patients treated with VEN/AZA in our patient popu
lation, whether they were on antifungal prophylaxis or not. 
Inclusion of these patients allowed us insight into whether 
there was benefit in using antifungal prophylaxis in preventing 
IFIs. However, given our small sample size, our study was not 
powered to determine if antifungal prophylaxis impacted inci
dence of proven and probable IFI in AML patients compared to 
no antifungal prophylaxis. A prospective controlled study 
would be the optimal way to answer the question of whether 
antifungal prophylaxis prevents IFI in this population. Our 
AML patient population treated with VEN/AZA was also lim
ited to the University of Colorado, and thus our conclusions 
may not apply to a more widespread patient population nation
ally and globally, given the potential impact of climate.

IFIs can cause serious morbidity and mortality for AML pa
tients; thus, universal antifungal prophylaxis is often consid
ered a standard alongside many AML-directed therapies. 
However, drug–drug interactions and adverse side effects 
may negatively impact patient well-being and treatment effica
cy. Newer therapies, such as VEN/AZA, show promising re
sults of lower incidences of proven and probable IFI. Further 
understanding of patient-specific circumstances could lead 
treatment centers to internally evaluate their specific rates of 
IFI to determine whether universal prophylaxis or preemptive 
monitoring would be more appropriate in caring for VEN/ 
AZA-treated AML patients.
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