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Abstract
Background: Invasive fungal diseases (IFD) remain a major complication of allogeneic hematopoietic stem cell trans‑
plantation (alloHSCT) and are associated with high mortality rates in patients receiving alloHSCT. Antifungal prophy‑
laxis is increasingly being used in the management of IFDs in patients receiving alloHSCT.
Methods: A post-hoc analysis of the cross-sectional observational AFHEM study was carried out to describe the use
of antifungal drugs in real-life clinical practice in alloHSCT recipients hospitalized in French hematological units.
Results: A total of 147 alloHSCT recipients were enrolled; most were adults (n = 135; 92%) and had received
alloHSCT < 6 months prior to enrollment (n = 123; 84%). Overall, 119 (81%) patients received a systemic antifungal
therapy; of these, 95 (80%) patients received antifungal prophylaxis. Rates of patients receiving systemic antifungal
treatment were similar irrespective of transplant time, neutropenic, and graft-versus-host disease status. Among
patients on systemic antifungal treatment, 83 (70%) received an azole, 22 (18%) received an echinocandin, and 16
(13%) received a polyene.
Conclusions: This work provides evidence of the antifungal strategies used in alloHSCT recipients hospitalized in
French hematological units. Unlike earlier studies, the AFHEM study showed that prophylaxis appears to be the lead‑
ing antifungal strategy used in alloHSCT recipients in France.
Keywords: Allogeneic hematopoietic stem cell transplantation, Antifungal stewardship, Invasive fungal diseases,
Prospective, observational study, Prophylaxis
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Background
Invasive fungal diseases (IFDs) remain a major complication of allogeneic hematopoietic stem cell transplantation
(alloHSCT). IFDs are mostly life threatening, and an early
diagnosis and initiation of appropriate antifungal therapy
are essential for improving the clinical outcome [1]. Invasive candidiasis and invasive mold infections cause significant morbidity in the transplant population, especially in
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those undergoing alloHSCT [2, 3]. Despite the introduction of broad-spectrum antifungal agents over the past
two decades, the mortality risk associated with IFDs in
alloHSCT recipients remains high [4], with many factors affecting the risk of IFD in these patients including
duration and severity of myelosuppression and immunosuppression, severe acute or chronic graft-versus-host
disease [GVHD]-particularly if on long-term corticosteroids [5, 6]. The overall incidence of IFDs among high-risk
alloHSCT recipients ranges from 10 to 25% [6–9].
The management of IFDs is increasingly moving
towards prophylaxis. The use of antifungal agents under
real-world conditions of medical practice in a cross-sectional, observational study that examined IFD management in pediatric and adult hematologic units in France
(AFHEM), showed that systemic antifungal prophylaxis
was used in 76% of patients in this setting [10]. The most
commonly used antifungal agents in the AFHEM study
were fluconazole and posaconozole [10]. Other antifungal agents are demonstrating efficacy in prophylaxis,
offering alternatives to azoles, such as fluconazole and
posaconazole. The echinocandin, micafungin, an inhibitor of fungal cell wall β-glucan synthesis with potent
activity against most Aspergillus and Candida species,
was used successfully in prophylaxis in patients undergoing haplo-identical hematopoietic stem-cell transplant
[11], and in those with hematological malignancies [12].
In both settings, micafungin prophylaxis was well tolerated with few treatment-related adverse events [11, 12].
Within a context where both treatments and guidelines
are rapidly evolving, this post-hoc, subgroup analysis
of the AFHEM study aimed to assess the management
of IFDs in alloHSCT recipients in France. Additionally,
this study aimed to describe the frequency of systemic
antifungal treatment used according to different strategies (e.g. prophylaxis, empiric, pre-emptive or curative)
and to assess the characteristics of alloHSCT recipients
receiving these treatments. It also evaluated the prescription modalities used in clinical practice within this specific population, which should benefit from antifungal
stewardship programs.

Methods
Study design

This was a post-hoc study, analyzing data collected previously by the AFHEM study, a French, prospective,
observational, cross-sectional study conducted between
September 16, 2013 and October 25, 2013 [10]. French
hematological units of university hospital and cancer
medical centers were invited to participate. The study was
conducted in accordance with the Declaration of Helsinki and with Good Epidemiological Practices. Approvals from national review boards (Comité Consultatif sur
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le Traitement de l’Information en matière de Recherche
dans le domaine de la Santé and Commission Nationale de l’Informatique et des Libertés) were obtained.
Patients hospitalized in participating units were required
to provide written informed consent prior to inclusion in
the study. The 2008 EORTC/MSG criteria were used to
define IFDs [13]. No other selection criteria were applied.
Data collection

Prior history of IFDs, hematological malignancies and
underlying conditions, transplant procedures, antifungal treatments, and other ongoing treatments were collected for all patients. Clinical signs, imaging, and other
examinations related to IFD episodes were collected for
patients who received pre-emptive or curative treatment.
If applicable, IFD classification was established at the
physician’s discretion. All data were recorded through a
unified secure online case-report form.
Statistical analyses

The present analysis is a post-hoc analysis focusing on
alloHSCT recipients. Subgroup analyses were performed
according to the systemic antifungal therapeutic strategy
(i.e., prophylactic antifungal treatment, empiric antifungal treatment, pre-emptive or curative antifungal treatment) and according to alloHSCT timing (i.e., alloHSCT
performed < 6 months or ≥ 6 months prior to the study).
Quantitative variables were analyzed in terms of mean,
standard deviation, first quartile, median, third quartile,
minimum, and maximum. Qualitative and ordinal variables were analyzed in terms of number and frequency
within each modality. Frequencies were presented with
the associated 95% confidence intervals calculated
according to Wilson’s method (with continuity correction). All analyses were carried out using Statistical Analysis Software (SAS), version 9.2 (SAS Institute Inc., Cary,
North Carolina, USA).

Results
Participating centers

Twenty-four hematological centers in France participated in the study, of which 20 contributed with patients
undergoing alloHSCT. Eighteen of these centers were
university hospitals and the remaining two were cancer
medical centers.
Patients

A total of 494 patients were included in the cross-sectional AFHEM study, of which 147 alloHSCT recipients
were included in this post-hoc analysis. Patient characteristics are summarized in Table 1.
Most patients (n = 135; 92%) were adults and the
median age was 49.8 years (range 0.1–71.2). Among 147
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Table 1 Characteristics of patients according to transplant anteriority
Characteristic

alloHSCT anteriority
< 6 months
(n = 123)

≥ 6 months
(n = 24)

Total
(N = 147)

Sex: male

70 (57)

9 (38)

79 (54)

Median age (range), years

50.2 (0.1–71.2)

48.2 (3.0–68.0)

49.8 (0.1–71.2)

  Acute myeloid leukemia

56 (46)

11 (46)

67 (46)

  Myelodysplastic syndrome

7 (6)

1 (4)

8 (5)

  Acute lymphoblastic leukemia

18 (15)

7 (29)

25 (17)

  Hodgkin lymphoma

12 (10)

1 (4)

13 (9)

  Non-Hodgkin lymphoma

11 (9)

0

11 (7)

  Chronic lymphoid leukemia

1 (1)

0

1 (1)

  Myeloma

6 (5)

3 (13)

9 (6)

  Chronic myeloid leukemia

6 (5)

0

6 (4)

  Other

6 (5)

1 (4)

7 (5)

71 (58)

21 (88)

92 (63)

Hematological malignancy

Disease status: relapse or refractory
Underlying conditions
  GVHDa

34 (28)

13 (54)

47 (32)

  Grade I–II acute GVHD

18 (15)

5 (21)

23 (16)

  Grade III–IV acute GVHD

14 (11)

4 (17)

18 (12)

  Chronic GVHD

4 (3)

9 (38)

13 (9)

  Neutropenic phase

52 (42)

12 (50)

64 (44)

  Persistent fever refractory to antibiotic therapy

13 (11)

2 (8)

15 (10)

  Previous IFD

26 (21)

7 (29)

33 (22)

Proven IFD
   Probable IFD
Possible IFD

2 (2)
4 (3)
2 (2)

0 (0)
2 (8)
1 (4)

2 (1)
6 (4)
3 (2)

  Antibiotics

104 (85)

21 (88)

125 (85)

  Immunosuppressors

91 (74)

11 (46)

102 (69)

  Antivirals

112 (91)

18 (75)

130 (88)

  ≥ 30 days

34 (28)

3 (13)

37 (25)

  < 15 days

68 (55)

17 (71)

85 (58)

  Median time, days (range)

12 (0–143)

6.5 (0–56)

11 (0–143)

  Laminar flow sterile room or IMMUNAIR™ bedb

108 (88)

19 (79)

127 (86)

85 (79)

11 (58)

96 (76)

  Highly purified HEPA-filtered roomb

19 (18)

5 (26)

24 (19)

  Conventional roomb,c

4 (4)

3 (16)

7 (5)

Ongoing treatments

Time since entry in the unit

Hospitalization in a room with air treatment

Data are n (%), unless otherwise specified
alloHSCT: allogeneic hematopoietic stem cell transplantation; GVHD: graft-versus-host disease; HEPA: high-efficiency particulate air; IFD: invasive fungal disease
a
b
c

Chronic and/or acute GVHD
Percentage among patients hospitalized in room with air treatment

Room with PLASMAIR™ or equivalent

alloHSCT patients, the major indications were acute leukemia for 92 patients (63%) and lymphoma for 24 patients
(16%). At the time of the study, 92 (63%) patients were
in relapse or had refractory disease. In total, 130 (88%)
patients were receiving antivirals at the time of inclusion,

125 (85%) received antibiotics, 102 (69%) received immunosuppressive agents, and 63 (43%) received chemotherapy (including conditioning regimen). Less than a quarter
of patients (n = 33; 22%) had a previous history of IFD, of
which two (1%) had proven IFD, six (4%) had probable
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IFD and 3 (2%) had possible IFD according to EORTC/
MSG criteria [13]. Eighty-five patients (58%) had been
hospitalized for < 15 days and only 20 (14%) had been
placed in a conventional room without air treatment. The
remaining 127 (86%) patients were either hospitalized in
a laminar flow room or IMMUNAIR™ bed (n = 96; 76%),
or in a highly purified high-efficiency particulate air
(HEPA)-filtered room (n = 24; 19%), or in a conventional
room with PLASMAIR™ (n = 7; 5%).
After alloHSCT, 47 (32%) patients had developed
GVHD, mainly acute GVHD (n = 41; 28%), and 64 (44%)
patients were neutropenic. Most patients (n = 123;
84%) had undergone alloHSCT < 6 months previously.
Of these, 95 (77%) were in the pre-engraftment period
(i.e., within 2 months from conditioning regimen); 66 of
which were at high risk of IFD according to the European
Conference on Infections in Leukemia-5 (ECIL-5) definition [14].
Patients’ characteristics were different when split
according to transplant timing (Table 1). In the group
of patients who received alloHSCT < 6 months prior to
the study (n = 123), 23 (19%) patients had lymphoma
(either Hodgkin lymphoma or non-Hodgkin lymphoma)
versus one patient (4%) in the group of patients transplanted ≥ 6 months prior to the study (n = 24). With
regard to conditions of hospitalization, the median time
of hospitalization at the time of enrollment in the study
was 12 days (range 0–143) for patients who received
alloHSCT < 6 months prior to the study and 6.5 days
(range 0–56) for patients who received alloHSCT ≥ 6
months prior to the study. As expected, most patients
(n = 21; 88%) who received alloHSCT ≥ 6 months prior to
the study were in the relapse or refractory phase, compared with 71 (58%) in the group that received alloHSCT
more recently. More than half of the patients (54%) who
received alloHSCT ≥ 6 months prior to the study (n = 13)
presented with acute and/or chronic GVHD, compared

with 28% (n = 36; mostly with acute GVHD) of patients
who received alloHSCT more recently. It should also be
noted that seven out of 24 patients (29%) who received
alloHSCT ≥ 6 months prior to the study had already
experienced a previous IFD, compared with 26 out of 123
patients (21%) who received alloHSCT more recently. Of
the patients that had undergone alloHSCT < 6 months
previously (n = 123; 84%), two patients had proven IFD,
four probable IFD and two possible IFD, according to
the EORTC/MSG criteria [13]. Of the patients that had
undergone alloHSCT ≥ 6 months prior to the study
(n = 24; 16%), none had proven IFD, two had probable
IFD and one had possible IFD. Of the 123 patients who
received alloHSCT more recently, 91 (74%) were receiving immunosuppressive treatment compared with 11
(46%) who received alloHSCT ≥ 6 months prior to the
study. The proportion of patients in the neutropenic
phase was similar between the two groups: n = 52 (42%)
and n = 12 (50%) in patients who received alloHSCT < 6
months and ≥ 6 months prior to the study, respectively.
However, it was assumed that the group of patients who
received transplantation more recently were mostly in
the pre-engraftment phase, while those belonging to the
other group were in the late neutropenic phase, probably related to a relapse or to chronic GVHD and its
treatment.
Antifungal strategies

The frequency of systemic antifungal treatments used
are summarized in Tables 2 and 3. In total, 119 (81%)
patients received a systemic antifungal treatment (as part
of a prophylactic, empiric, pre-emptive, or curative strategy) during at least one of the 5-day observational periods
(Table 2). More patients received systemic antifungal treatment in the group who received alloHSCT ≤ 2 months
prior to the study (n = 85; 89%) compared with those who
received alloHSCT < 6 months and ≥ 6 months prior to

Table 2 Frequency of systemic antifungal strategies used, according to transplant anteriority, neutropenic phase, and GVHD status
alloHSCT timing

Neutropenia

GVHDa

Total

≤ 2 months
(n = 95)

> 2–<6 months
(n = 28)

≥ 6 months
(n = 24)

No
(n = 83)

Yes
(n = 64)

–
(n = 100)

+
(n = 47)

(N = 147)

Not treated with systemic antifungals

10 (11)

11 (39)

7 (29)

15 (18)

13 (20)

17 (17)

11 (23)

28 (19)

Treated with systemic antifungals

85 (89)

17 (61)

17 (71)

68 (82)

51 (80)

83 (83)

36 (77)

119 (81)

 Prophylaxisb

68 (80)

14 (82)

13 (76)

57 (84)

38 (75)

68 (82)

27 (75)

95 (80)

Empiric strategyb

11 (13)

1 (6)

1 (6)

4 (6)

9 (18)

10 (12)

3 (8)

13 (9)

Pre-emptive or curative strategyb

6 (7)

2 (12)

3 (18)

7 (10)

4 (8)

5 (6)

6 (17)

11 (7)

Data are n (%)
alloHSCT: allogeneic hematopoietic stem cell transplantation; GVHD: graft-versus-host disease
a

Acute and/or chronic extensive

b

Percentage among patients treated with systemic antifungals
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Table 3 Frequency of systemic antifungal strategies used, according to the pre-engraftment profile (N = 95)
Pre-engraftment low risk
(n = 29)

Pre-engraftment high riska
(n = 54)

GVHDb
(n = 12)

Total
(N = 95)

Not treated with systemic antifungals

4 (14)

4 (7)

2 (17)

10 (11)

Treated with systemic antifungals

25 (86)

50 (94)

10 (83)

85 (89)

 Prophylaxisc

22 (88)

39 (78)

7 (70)

68 (80)

Empiric strategyc

3 (12)

7 (14)

1 (10)

11 (13)

Pre-emptive or curative strategyc

0

4 (8)

2 (20)

6 (7)

Data are n (%)
GVHD: graft-versus-host disease
a

With risk factors other than GVHD

b

Patients presenting with GVHD grade II, III, or IV

c

Percentage among patients treated with systemic antifungals

the study (n = 17 [61%] and n = 17 [71%], respectively).
Neutropenic phase and GVHD status had no impact on
the frequency of systemic antifungal treatment. Overall,
95 (65%) patients received antifungal prophylaxis, representing 80% of patients treated with antifungals. Of these
patients, 76 (80%) received primary antifungal prophylaxis
and 19 (20%) received secondary antifungal prophylaxis.
Thirteen (9%) patients received antifungal empiric therapy and 11 (7%) patients received antifungal pre-emptive
or curative therapy. The rates of patients who received
systemic antifungal treatment were similar, regardless
of the timing of the transplant, neutropenic status, and
GVHD status. Nevertheless, the rate of patients treated
with systemic pre-emptive or curative antifungal therapy
was higher in patients who had GVHD (either chronic or
acute) (n = 6 [17%]) and received alloHSCT ≥ 6 months
prior to the study (n = 3 [18%]), compared with patients
with no GVHD (n = 5 [6%]) and patients more recently
transplanted (n = 8 [7%], respectively) (Table 2). Considering patients in the pre-engraftment period and patients
developing GVHD, most (n = 85; 89%) had received systemic antifungal therapy, especially those presenting with
a high-risk profile (acute myeloid leukemia, refractory or
relapsed acute lymphoblastic leukemia, age over 65, history of IFD, and acute GVHD) (Table 3).
Antifungal drugs

Prescribed antifungal regimens and strategies are summarized in Table 4. Overall, 83 (70%) patients who
received systemic antifungal treatment received an
azole, 22 (18%) an echinocandin, and 16 (13%) a polyene (mostly intravenous liposomal amphotericin B).
The most commonly used prophylactic drugs were
fluconazole (administered to 44 [46%] patients who
received prophylaxis), posaconazole (n = 16; 17%),
amphotericin B formulations (n = 11; 12%), and caspofungin (n = 11; 12%). Regarding empiric therapy, nine

(69%) patients received caspofungin, two (15%) patients
received liposomal amphotericin B, and the remaining two (15%) patients received an azole (either oral
fluconazole or intravenous voriconazole). When curative or pre-emptive therapy was used, voriconazole was
the most common antifungal drug (n = 8; 73%); most of
these patients (n = 6) received oral voriconazole.
Characteristics of patients receiving antifungal therapy

Characteristics of the alloHSCT recipients who
received different systemic antifungal treatments are
summarized in Table 5. A total of 102 (86%) patients
received alloHSCT < 6 months prior to the study and
85 (71%) patients were in the pre-engraftment phase
(i.e., within 2 months from receiving a conditioning
regimen). Most patients (n = 105; 88%) had been hospitalized in a room with air treatment; of these, 100
(95%) were hospitalized in a laminar flow sterile room
or IMMUNAIR™ bed, or in a highly purified HEPA-filtered room. Time since entry into the unit was different
when split by strategy type: seven (64%) patients who
received pre-emptive or curative therapy had entered
the unit for ≥ 30 days or more, compared with 20 (21%)
patients in the antifungal prophylaxis group and three
(23%) patients in the empiric therapy group.
Of the 95 patients who received antifungal prophylaxis, 56 (59%) were in relapse or refractory disease
and 38 (40%) were neutropenic. Twenty-seven (28%)
patients presented GVHD; of these, 14 (52%) had acute
grade III−IV GVHD, 10 (37%) had acute grade I−II
GVHD, and seven (26%) had chronic GVHD. Nineteen
(20%) patients had a history of IFD.
Of the 13 patients who received empiric therapy,
eight (62%) had relapse or refractory disease and two
(15%) had a history of IFD. Nine (69%) patients were
neutropenic, all of whom presented neutropenia for at
least 10 days.
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Table 4 Summary of systemic antifungal agents administered during the 5-day observation period
Prophylaxis
(n = 95)

Empiric strategy
(n = 13)

Pre-emptive or curative
strategy
(n = 11)

Total
(N = 119)

Missing values

1 (1)

0

0

1 (1)

Azoles alone

70 (74)

2 (15)

8 (73)

80 (67)

Polyenes alone

10 (11)

2 (15)

1 (9)

13 (11)

Echinocandins alone

13 (14)

9 (69)

0

22 (18)

Polyenes and azoles

1 (1)

0

2 (18)

3 (25)

Na

71

2

10

83

PO fluconazole

38 (54)

1 (50)

0

39 (47)

IV fluconazole

6 (8)

0

0

6 (7)

PO posaconazole

16 (23)

0

2 (20)

18 (22)

PO voriconazole

8 (11)

0

6 (60)

14 (17)

IV voriconazole

3 (4)

1 (50)

2 (20)

6 (7)

Na

11

2

3

16

IV liposomal amphotericin B

8 (73)

2 (100)

3 (100)

13 (81)

IV conventional amphotericin B

3 (27)

0

0

3 (19)

Na

13

9

0

22

Caspofungin

11 (85)

9 (100)

0

20 (91)

Micafungin

2 (15)

0

0

2 (9)

Azole type

Polyene type

Echinocandin type

All data are n (%)
IV: intravenous; PO: per os (orally)
a

Percentages for each antifungal drug are based on the N values for each drug subcategory

Eleven patients were treated according to a pre-emptive or curative strategy; most (n = 10; 91%) were in
relapse or refractory disease and four (36%) had already
experienced an IFD episode. Four (36%) patients were
neutropenic and six (55%) had GVHD with five (83%)
acute grade I–II GVHD.

Discussion
The AFHEM study was the first cross-sectional observational study to determine the use of antifungal treatment
strategies in alloHSCT recipients in clinical practice in
France. It is widely acknowledged that routine administration of systemic antifungal prophylaxis in the
alloHSCT setting significantly reduces both the incidence
of probable and proven IFD, and of IFD-related mortality [15, 16]. In our study, the rate of alloHSCT recipients
receiving antifungal prophylaxis was higher than in the
overall population of the global AFHEM study (95/147
[65%] for the alloHSCT population compared with
187/494 [38%] for the rest of the studied population in
the global AFHEM study).
Azoles (mainly fluconazole) were the drugs preferentially administrated to prevent invasive candidiasis,

combined with sterile air conditions in order to prevent IFD due to filamentous fungi. Caspofungin was the
most commonly used echinocandin for prophylaxis in
alloHSCT recipients (n = 11; 85%), although it is not
licensed for this indication. Although a systematic review
published in 2014 failed to demonstrate consistent treatment effects of antifungal prophylaxis for IFD-related
mortality and IFD incidence in alloHSCT recipients [17],
the AFHEM study showed that prophylaxis was the leading strategy used in alloHSCT recipients. Following the
publication of several international guidelines since 2010,
the use of antifungal prophylaxis has increased in clinical
practice [14, 16, 18–21], especially in high-risk patients.
Moreover, the development of new broad-spectrum antifungals has led to their use as prophylactic agents rather
than delaying treatment until clinical signs of infection
manifest [22].
Considering patients in the pre-engraftment period
and patients developing GVHD, most (n = 85; 89%) had
received systemic antifungal therapy, especially those
presenting with a high-risk profile according to ECIL-5
and ECIL-6 criteria (i.e., including acute myeloid leukemia, refractory or relapsed acute lymphoblastic leukemia,
age over 65, history of IFD, and acute GVHD) [23].

Michallet et al. BMC Infectious Diseases 2022, 22(1):352

Page 7 of 9

Table 5 Characteristics of hospitalized patients treated according to different systemic antifungal strategies, during the 5-day
observation period
Prophylactic strategy
(n = 95)

Empiric strategy
(n = 13)

Pre-emptive or
curative strategy
(n = 11)

Total
(N = 119)

Sex: male

56 (59)

6 (46)

5 (45)

67 (56)

Adults

88 (93)

11 (85)

11 (100)

110 (92)

40.7 (28 − 63)

52.9 (22 − 64)

Median age (year)
Adult (range)
Children (range)
Hematological malignancy

52.2 (21 − 71)

7.7 (0 − 12)

12.4 (12 − 12)

51.4 (21 − 71)

7.9 (0 − 12)

Acute myeloid leukemia

41 (43)

6 (46)

8 (73)

55 (46)

Myelodysplastic syndrome

5 (5)

1 (8)

1 (9)

7 (6)

Acute lymphoblastic leukemia

16 (17)

2 (15)

1 (9)

19 (16)

Hodgkin lymphoma

9 (9)

1 (8)

1 (9)

11 (9)

Non-Hodgkin lymphoma

9 (0)

0

0

9 (8)

Chronic lymphoid leukemia

1 (1)

0

0

1 (1)

Myeloma

5 (5)

1 (8)

0

6 (5)

Chronic myeloid leukemia

3 (3)

2 (15)

0

5 (4)

Other
Disease status: relapse or refractory

6 (6)

0

0

6 (5)

56 (59)

8 (62)

10 (91)

74 (62)

Underlying conditions
 GVHDa,b
  Grade I − II acute GVHD

  Grade III − IV acute GVHD

  Chronic GVHD

27 (28)

3 (23)

6 (55)

36 (30)

10 (37)

1 (33)

5 (83)

16 (44)

14 (52)

1 (33)

1 (17)

16 (44)

7 (26)

2 (67)

1 (17)

10 (28)

Neutropenic phase

38 (40)

9 (69)

4 (36)

51 (43)

Neutropenia for at least 10 days

16 (17)

9 (69)

4 (36)

29 (24)

Persistent fever refractory to antibiotic therapy

6 (6)

5 (38)

3 (27)

14 (12)

Previous IFD

19 (20)

2 (15)

4 (36)

25 (21)

Ongoing treatments
Chemotherapy

44 (46)

6 (46)

4 (36)

54 (45)

Antibiotics

80 (84)

12 (92)

11 (100)

103 (87)

Immunosuppressors

67 (71)

13 (100)

7 (64)

87 (73)

Antivirals

87 (92)

11 (85)

9 (82)

107 (90)

Time since entry in the unit
≥ 30 days

20 (21)

3 (23)

7 (64)

30 (25)

61 (64)

3 (23)

3 (27)

67 (56)

Laminar flow sterile room or IMMUNAIR™ bedc

82 (86)

13 (100)

10 (91)

105 (88)

60 (73)

11 (85)

8 (80)

79 (75)

Highly purified HEPA-filtered roomc

18 (22)

1 (8)

2 (20)

21 (20)

Conventional roomc,d

4 (5)

1 (8)

0

5 (5)

< 15 days

Hospitalization in a room with air treatment

Data are n (%), unless otherwise specified
GVHD: graft-versus-host disease; HEPA: high-efficiency particulate air; IFD: invasive fungal disease
a

Chronic and/or acute GVHD

b

Percentage among patients with GVHD

c

Percentage among patients hospitalized in room with air treatment

d

Room with PLASMAIR™ or equivalent

Although a period of severe neutropenia is reportedly the most important risk factor for IFD in patients
receiving standard chemotherapy for hematologic

malignancies [9, 15], several studies have shown that
most IFD cases are reported more than 100 days after
alloHSCT, once full hematologic recovery has occurred
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[9, 24–27]. In the primary analysis of the AFHEM
study, approximately half of alloHSCT patients had
neutropenia, with 50% of these patients in the early
neutropenic phase (lasting less than 10 days), which is
consistent with the high level of prophylaxis observed
in our subgroup analysis, considering the high level of
risk for antifungal disease conferred by neutropenia.
Antifungal prophylaxis in alloHSCT recipients with
GVHD is a practice that is currently supported by findings from randomized controlled trials and the recommendations of international guidelines [16–20, 23,
28–31]. However, factors that influence the selection of
antifungals for prophylaxis remain complex and should
probably be dictated by local epidemiology, hospitalspecific logistics, and risk stratification based on the
profile of different subpopulations of patients receiving
alloHSCT [5]. Moreover, antifungal prophylaxis strategies should never replace the appropriate management
of infection control nor the implementation of patient
education strategies to avoid exposure to invasive fungal agents, especially in patients with long-term immunosuppression [5]. Notably, late-invasive aspergillosis
has emerged as a concern in patients receiving continual immunosuppression for chronic GVHD. In our
study, only one-third of patients had GVHD (either
acute and/or chronic) but 70% were receiving immunosuppressive treatment, and more than 85% received
antifungal medication, mainly as prophylaxis or empiric
therapy, while ECIL recommends that patients with
GVHD should receive immunosuppressors together
with antifungal prophylaxis, but no empiric therapy.
This study had several limitations. Although this
was a prospective study, its cross-sectional design did
not consider the development of antifungal strategies according to the changing clinical conditions.
Due to its observational nature, the antifungal strategies (i.e. prophylaxis, empiric strategy, and pre-emptive
or curative strategies) were recorded according to the
physicians’ judgement and may not match the current definitions published in existing guidelines. The
AFHEM study was conducted several years ago in
2013, however, there have been few changes to clinical
practice since this time; for instance, the latest European guidelines for primary antifungal prophylaxis still
recognize azoles, and in particular fluconazole, as the
primary antifungal prophylaxis for use in patients with
alloHSCT [14], which is consistent with the findings of
this report. Finally, the results are limited to patients
enrolled from French centers that agreed to participate
in the study and, as such, they may be not representative of the overall use of antifungal therapy in France.
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Conclusions
This work provides important data on the antifungal strategies used in alloHSCT recipients hospitalized in French
hematological units. Prophylaxis is now the leading antifungal strategy used in these patients, with 80% of alloHSCT
recipients treated in this way throughout the AFHEM study.
This analysis gives further support that an antifungal stewardship program may lead to improved clinical outcomes.
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