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Background: Invasive fusariosis (IF) affects mostly severely immunocompromised hosts and is associated with
poor outcome. Since Fusarium species exhibit high MICs for most antifungal agents, this could explain the poor
prognosis. However, a clear-cut correlation between MIC and outcome has not been established.

Objective: To evaluate the correlation between MIC and outcome (6 week death rate) in patients with IF.

Methods: We performed a multicentre retrospective study of patients with IF who received treatment and had
MIC levels determined by EUCAST or CLSI for the drug(s) used during treatment. We compared the MIC50 and
MIC distribution among survivors and patients who died within 6 weeks from the diagnosis of IF.

Results: Among 88 patients with IF, 74 had haematological diseases. Primary treatment was monotherapy in
52 patients (voriconazole in 27) and combination therapy in 36 patients (liposomal amphotericin B !
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voriconazole in 23). The MIC50 and range for the five most frequent agents tested were: voriconazole 8 mg/L
(range 0.5–64), amphotericin B 2 mg/L (range 0.25–64), posaconazole 16 mg/L (range 0.5–64), itraconazole
32 mg/L (range 4–64), and isavuconazole 32 mg/L (range 8–64). There was no difference in MIC50 and MIC distri-
bution among survivors and patients who died. By contrast, persistent neutropenia and receipt of corticosteroids
were strong predictors of 6 week mortality.

Conclusions: Our study did not show any correlation between MIC and mortality at 6 weeks in patients with IF.

Introduction

Invasive fusariosis is an invasive fungal disease that affects mostly
severely immunocompromised hosts, such as patients with acute
leukaemia and allogeneic haematopoietic cell transplant (HCT)
recipients.1 Various Fusarium species may cause invasive disease,
but most cases are caused by either Fusarium solani species com-
plex (FSSC, �50%), Fusarium oxysporum species complex (FOSC,
�20%), or Fusarium fujikuroi species complex (FFSC).2 The disease
has a poor prognosis, with a 90 day survival rate of 45% only.3 The
outcome is largely dependent on immune reconstitution, especial-
ly recovery of neutropenia,4 but poor outcomes are also thought to
be due to elevated in vitro MICs exhibited by most Fusarium species
for most antifungal agents.5 However, a clear-cut correlation be-
tween MIC and outcome has not been established. Indeed, in vitro
data show that most Fusarium species exhibit high MICs for vori-
conazole, yet this agent seems to be as effective as lipid amphoter-
icin B.3,6 Despite these discrepancies, antifungal susceptibility tests
are recommended to guide the choice of antifungal therapy,7 but
the level of evidence is weak, reflecting the lack of clinical data. In
this study, we evaluated the correlation between MIC and out-
come in patients with invasive fusariosis.

Patients and methods
This was a multicentre retrospective study. We collected data from patients
with invasive fusariosis treated in 22 centres from seven countries (Austria,
Brazil, Chile, Italy, the Netherlands, Spain and the USA). This study was
approved by the Ethics Committees of participating centres. Patients were
included in the study if they: (i) had a diagnosis of invasive fusariosis; (ii)
received treatment with one or more antifungal agents; (iii) data on anti-
fungal susceptibility testing for the drug(s) used in the treatment of invasive
fusariosis, performed either according to EUCAST or CLSI were available;
and (iv) information about the outcome (6 week mortality) was available.
Cases of possible invasive fusariosis as per the revised European
Organization for Treatment and Research of Cancer/Mycosis Study Group
(EORTC/MSG)8 criteria were excluded.

We built a database containing demographic information (gender and
age at diagnosis of invasive fusariosis), underlying condition, clinical context
in which the patient developed invasive fusariosis, presence and duration of
neutropenia, receipt of corticosteroids, date of diagnosis, species causing
infection, MIC, treatment (regimen, date of start and end of treatment),
and the outcome (dead or alive) 6 weeks after the diagnosis of invasive
fusariosis.

We classified fusariosis as either disseminated disease, fungaemia or
localized disease (sinusitis, pneumonia, peritonitis, soft tissue infection).
Disseminated invasive fusariosis was defined as involvement of >1 non-
contiguous organs.3 Cases of fungaemia were not defined as disseminated
disease unless another organ systems were involved (e.g. skin, lung or
sinuses). Neutropenia was defined as an absolute neutrophil count
<500 cells/mm3, and neutrophil recovery was defined as the absolute neu-
trophil count >500 cells/mm3 in a patient with previous neutropenia.

In order to evaluate the correlation between MIC and outcome, we con-
sidered that a patient received one drug (e.g. voriconazole) if it had been
given as primary monotherapy, or as salvage therapy after <5 days of treat-
ment with another regimen. We compared the MIC50 for that agent among
survivors and patients who died within 6 weeks from the diagnosis of inva-
sive fusariosis. Then, we analysed patients who received combination ther-
apy, and explored the association between MIC distribution and MIC50 for
the two agents used in combination therapy and the outcome. The Mann–
Whitney U-test was used to compare MIC50 among patients who survived
and those who died. Categorical variables were compared using v2 test. We
used the Kaplan–Meier method to evaluate time to death according to the
underlying immunosuppressive state. P values <0.05 were considered stat-
istically significant.

Results

We identified 88 patients, including 28 from Brazil, 22 from the
USA, 19 from Italy, 11 from Spain, 4 from Austria, and 2 each from
the Netherlands and Chile. The median age was 51.5 years (range
4–73), and 61 (69.3%) were males. As shown in Table 1, 74
(84.1%) had a haematological condition (including acute myeloid
leukaemia in 37 patients). There were six patients with burn-
associated invasive fusariosis, two with infected wounds, two solid
organ transplant recipients (kidney and lung, n = 1 each), and four
patients with lung (n = 2), liver (n = 1) or kidney (n = 1) failure.

Table 1. Characteristics of 88 patients with invasive fusariosis

Characteristic No.

Age (years), median (range) 51.5 (4–73)

Gender, male:female 61:27

Scenario/underlying disease, n (%)

haematological disease 74 (84.1)

acute myeloid leukaemia 37 (42.0)

acute lymphoid leukaemia 8 (9.1)

Non-Hodgkin’s lymphoma 8 (9.1)

multiple myeloma 6 (6.8)

aplastic anaemia 5 (5.7)

othera 10 (11.4)

wound/burn 8 (9.1)

burn 6 (6.8)

wound 2 (2.3)

chronic organ failureb 4 (4.5)

solid organ transplantationc 2 (2.3)

aOther haematological diseases: chronic myeloid leukaemia, myelodys-
plasia, chronic lymphoid leukaemia, myelofibrosis (n=2 each), haemo-
philia, dendritic cell leukaemia (n = 1 each).
bLung (n = 2), liver and kidney (n = 1 each).
cLung and kidney (n = 1 each).
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Among the 74 patients with haematological disease, invasive
fusariosis occurred in the context of chemotherapy in 46 (62.2%),
post-transplant in 25 (33.8%), following immunosuppressive ther-
apy for aplastic anaemia in two cases, and one case of fungaemia
in a patient with haemophilia. As shown in Table 2, disseminated
disease or fungaemia occurred in 63 patients, all cases in patients
with haematological diseases. Soft tissue infection occurred in 10
patients. The other clinical presentations were pneumonia and si-
nusitis (seven patients each) and peritonitis (one patient).

Neutropenia was present in 65 patients at diagnosis of invasive
fusariosis, and neutrophil recovery occurred during treatment in
37 of 65 patients (56.9%). A total of 39 patients (44.3%) were
receiving corticosteroids at diagnosis of fusariosis (37 with haem-
atological diseases and two solid organ transplant recipients).

Species distribution of Fusarium isolates in the 88 patients was
as follows: FSSC (n = 40, 45.4%), FOSC (n = 9, 10.2%), FFSC (n = 5,
5.7%) and Fusarium dimerum species complex (n = 2). In 32
patients species was not identified. Antifungal susceptibility tests
were performed according to CLSI in 45 patients and EUCAST in
the remaining 43 patients. The most frequent antifungal agent
tested was voriconazole (87 of 88 patients), followed by ampho-
tericin B (n = 86), posaconazole (n = 82) and itraconazole (n = 31).
Other agents tested were isavuconazole (n = 19), caspofungin
(n = 12), micafungin (n = 8), anidulafungin and terbinafine (n = 4
each) and olorofim (n = 1).

Considering that two methods of antifungal susceptibility were
employed, we compared the MIC50 of amphotericin B and voricon-
azole against the two most frequent species (FSSC and FOSC),
tested with CLSI and EUCAST. Among FSSC isolates, the MIC50

using CLSI and EUCAST was 2 mg/L (range 0.5–64) and 2 mg/L
(range 0.5–64), respectively, for amphotericin B, and 4 mg/L (range
1–32) and 8 mg/L (range 0.5–64), respectively, for voriconazole.
Among FOSC isolates, the MIC50 using CLSI and EUCAST was
1.5 mg/L (range 1–4) and 2 mg/L (range 1–2) for amphotericin B,
and 4 mg/L (range 2–8) and 8 mg/L (range 1–16) for voriconazole.
None of the comparisons was statistically significant.

The MIC50 and range for the five most frequent agents tested
were as follows: voriconazole 8 mg/L (range 0.5–64), amphotericin
B 2 mg/L (range 0.25–64), posaconazole 16 mg/L (range 0.5–64),
itraconazole 32 mg/L (range 4–64) and isavuconazole 32 mg/L
(range 8–64). Table 3 shows MIC values of these antifungal agents
according to the species causing infection. Overall, FSSC exhibited
higher MICs compared with FOSC and FFSC.

Primary treatment for invasive fusariosis was monotherapy in
52 patients (59.1%) and combination therapy in 36 patients (two
drugs in 34 patients and three drugs in 2 patients). The treatment

was started at a median of zero days from diagnosis of invasive
fusariosis (range –16 to 15). As shown in Table 4, the most frequent
regimen was monotherapy with voriconazole (27 patients,
30.7%), followed by liposomal amphotericin B ! voriconazole (23
patients, 26.1%) and liposomal amphotericin B alone (16 patients,
18.2%). The antifungal regimen was changed in 30 patients
(34.1%), at a median of 10 days from the start of treatment (range
1–64). Reasons for change in the primary regimen were worsening
clinical conditions in 17 patients and de-escalation from combin-
ation or IV therapy to oral therapy in 13 patients (voriconazole in
10 patients, posaconazole in two patients and terbinafine in one
patient).

The overall 6 week mortality rate was 33.0%, being 36.5% in
patients with haematological diseases, 16.7% in patients with
other immunosuppressive conditions (solid organ transplantation
and organ failure) and 12.5% in patients with soft tissue infection
after trauma or burn (Figure 1). The 6 week mortality by species
was 40% (16 of 40) in cases caused by FSSC, 33% (3 of 9) with
FOSC and 60% (3 of 5) with FFSC (P = 0.61).

To assess MIC and outcome, we separately analysed patients
with haematological diseases and patients with other conditions.
Among 22 patients with haematological diseases who received
treatment with voriconazole, the 6 week death rate was 36.4%. As
shown in Table 5, the MIC50 of voriconazole was 4 mg/L (range
1–32) in survivors and 8 mg/L (range 1–32) in patients who died
(P = 0.68). Twenty-one haematological patients received ampho-
tericin B as primary therapy. The 6 week death rate among these
patients was 38.1%. The MIC50 was 2 mg/L (range 0.5–16) in survi-
vors and 2 mg/L (range 1–32) in patients who died (P = 0.66).
Among 29 patients with haematological diseases who received a

Table 2. Clinical form of invasive fusariosis according to the scenario

Clinical form
Haematology,

N = 74 (%)
Solid organ

transplantation, N = 2 (%)
Wound/burn,

N = 8 (%)
Chronic organ

failure, N = 4 (%)

Disseminated 50 (67.6) – – –

Fungaemia 13 (17.6) – – –

Soft tissue infection – 1 (50) 8 (100) 1 (25)

Pneumonia 4 (5.4) 1 (50) – 2 (50)

Sinusitis 7 (9.4) – – –

Peritonitis – – – 1 (25)

Table 3. MIC of five antifungal agents according to the species causing
invasive fusariosis

MIC50, mg/L (range)

FSSC FOSC FFSC

Amphotericin B 2 (0.5–64) 1 (2–4) 1 (4–16)

Voriconazole 8 (0.5–64) 4 (1–16) 4 (1–16)

Posaconazole 32 (0.5–64) 4 (2–16) 16 (1–32)

Itraconazole 48 (8–64) 16 40 (16–64)

Isavuconazole 48 (8–64) 8 (8–16) 40 (16–64)

FSSC, Fusarium solani species complex; FOSC, Fusarium oxysporum spe-
cies complex; FFSC, Fusarium fujikuroi species complex.

MIC and outcome in fusariosis JAC
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combination of amphotericin B and voriconazole, the 6 week death
rate was 34.5%. The MIC50 of amphotericin B among survivors and
patients who died was 2 mg/L (range 0.25–64) and 2 mg/L (range
0.5–16), respectively (P = 1.0). The MIC50 of voriconazole was
8 mg/L (range 0.5–64) among survivors and 4 mg/L (range 1–32)
among patients who died (P = 1.0).

We further analysed the relationship between neutrophil recov-
ery, receipt of corticosteroids and outcome in haematological
patients. Neutrophil recovery occurred in 37 of 65 patients with
neutropenia (56.9%). The 6 week death rate was 64.3% in patients
with persistent neutropenia and 13.5% in patients who recovered

from neutropenia (P < 0.001). Similarly, patients receiving cortico-
steroids had a higher 6 week death rate compared with those not
on corticosteroids (48.6% versus 24.3%, respectively, P = 0.03).

Among the 14 patients with non-haematological conditions,
only two patients died, including one patient with soft tissue infec-
tion after burn and a patient with chronic liver disease and periton-
itis. The first patient was treated with a combination of liposomal
amphotericin B and voriconazole and the isolate exhibited MIC for
amphotericin B and voriconazole of 1 and 4 mg/L, respectively. The
other patient was treated with liposomal amphotericin B, with an
MIC of 2 mg/L. The other 12 patients were treated with

Table 4. Primary antifungal therapy and 6 week death rate in 88 patients with invasive fusariosis

Treatment No. (%) 6 week death rate (%)

Monotherapy 52 (59.1) 32.7

voriconazole 27 (30.7) 29.6

liposomal amphotericin B 16 (18.2) 31.3

deoxycholate amphotericin B 5 (5.7) 60.0

amphotericin B lipid complex 3 (3.4) 33.3

posaconazole 1 (1.1) –

Combination therapy 36 (40.9) 33.3

liposomal amphotericin B ! voriconazole 23 (26.1) 21.7

deoxycholate amphotericin B ! voriconazole 9 (10.2) 55.6

othera 4 (4.5) –

aOther combination therapy: liposomal amphotericin B ! voriconazole ! terbinafine (n = 2), isavuconazole ! micafungin and amphotericin B lipid
complex ! voriconazole (n = 1 each).

Figure 1. Kaplan–Meier curve for time to death in 88 patients with invasive fusariosis according to the underlying immunosuppressive state.
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voriconazole (n = 7) or voriconazole ! liposomal amphotericin B
(n = 5). The MIC50 for Fusarium isolates for amphotericin B and vori-
conazole in these 12 patients was 2 mg/L (range 1–16) and 16 mg/
L (range 1–32), respectively.

Discussion

In this study, we did not find any correlation between MIC and
death at 6 weeks for patients with invasive fusariosis, as shown by
similar MIC50 and MIC distributions among haematological
patients who survived and those who died, and high MICs in
patients with non-haematological diseases who survived. By con-
trast, we found that host factors (persistent neutropenia and re-
ceipt of corticosteroids) were strong predictors of mortality at
6 weeks.

In this study, patients with invasive fusariosis comprised three
groups: patients with haematological malignancies with neutro-
penia and receipt of corticosteroids, the majority of whom pre-
sented with either fungaemia or disseminated disease, patients
with other immunosuppressive conditions such as solid organ
transplantation and organ failure with single organ involvement
(pneumonia, sinusitis, peritonitis, soft tissue infection), and non-
immunocompromised patients with soft tissue infection after
trauma or burn.

Interestingly, we found that voriconazole was the most fre-
quent agent used for the treatment of invasive fusariosis, either
alone or in combination with amphotericin B. This is perhaps sur-
prising considering that the MIC50 of voriconazole was 8 mg/L, sug-
gesting that clinicians did not take MIC results in consideration
when they chose the drug for primary therapy. The preference for
voriconazole for the treatment of invasive fusariosis may be due to
the fact that the major guideline groups recommend this as first-
line therapy.9

In our study, about 50% of isolates had MIC determination per-
formed with either CLSI or EUCAST. A study comparing these two
methods in 20 clinical isolates of Fusarium species showed 100%
agreement with ±1 dilution for amphotericin B, and 95% for vori-
conazole.10 We compared the MICs of amphotericin B and voricon-
azole against FSSC and FOSC with the two methods, and did not
find significant differences. These data indicate that it is reason-
able to aggregate MIC data using the two methods.

The MIC distribution observed in our study is consistent with
other reports,11,12 with higher MICs for azoles compared
with amphotericin B, and higher MICs with FSSC isolates compared
with other species. While clinical breakpoints for Fusarium have not
been established, epidemiological cut-off values for the most fre-
quent species were established in a multicentre analysis of 1150
isolates.5 While no studies have evaluated the clinical relevance of
these epidemiological breakpoints, an in vivo murine model of in-
vasive fusariosis did not show any correlation between these
breakpoints and the outcome.13

In our analysis of the relationship between MIC and outcome in
patients with haematological diseases, we found that the MIC50 of
voriconazole and amphotericin B in patients who died and patients
who survived was very similar, with differences that did not go be-
yond one dilution. Likewise, the MIC distributions according to the
outcome were similar. These results were consistent across differ-
ent Fusarium species, in neutropenic and non-neutropenic patients
(data not shown), as well as in patients who received monother-
apy versus combination therapy. For example, among patients
treated with voriconazole monotherapy, the proportion of
patients with MIC �16 mg/L was 21.4% in survivors and 37.5% in
patients who died (Table 5). In patients receiving amphotericin B
monotherapy, the proportion of survivors and patients who died
with MIC >2 mg/L was 38.5% and 25%, respectively.

Although there was a lack of correlation between MIC and out-
come, we found a strong relationship between neutrophil

Table 5. Distribution of MIC of voriconazole and amphotericin B in 72a haematological patients with invasive fusariosis

No. of isolates with MIC (mg/L)

Primary therapy No. 0.25 0.5 1 2 4 8 16 32 64 MIC50

Voriconazole 22

survival 14 0 0 2 3 3 3 2 1 0 4

death 8 0 0 2 0 1 2 2 1 0 8

Amphotericin B 21

survival 13 0 1 3 4 4 0 1 0 0 2

death 8 0 1 2 3 1 0 0 1 0 2

Amphotericin B ! voriconazole 29

amphotericin B

survival 19 2 2 3 8 3 0 0 0 1 2

death 10 0 2 1 5 1 0 1 0 0 2

voriconazole

survival 19 0 1 2 3 2 6 0 3 2 8

death 10 0 0 1 4 0 2 2 1 0 4

aOne patient with haematological disease received posaconazole and one received isavuconazole ! micafungin.
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recovery, receipt of corticosteroids and 6 week survival. These host
factors were identified as independent predictors of outcome in a
study evaluating 84 haematological patients with fusariosis. The
90 day actuarial survival was zero in patients with persistent neu-
tropenia and receipt of corticosteroids, 4% in patients with persist-
ent neutropenia and no corticosteroid use, 30% in patients
receiving corticosteroids with neutrophil recovery, and 67% in
patients with neither of these factors.4 Recently, an analysis of
prognostic factors in a cohort of 233 cases of invasive fusariosis
showed the same two variables as independent predictors of the
outcome.3

Although the number of patients with non-haematological
conditions was small, with only two deaths among 14 patients,
the MIC values in the 12 patients who survived do not suggest a
correlation between MIC and outcome.

Due to its retrospective nature, this study has some important
limitations. First, despite a great effort to gather as many cases as
possible, one limitation of the study is the relatively small sample
size, especially in patients with non-haematological conditions.
Still, invasive fusariosis is a rare entity so compiling a large number
of cases for such a study would be difficult. Second, 32 of the 88
cases did not have species identification as not all centres routinely
perform speciation. Third, some variables that could have an im-
pact on the outcome, such as status of the underlying malignancy
and cumulative dose of corticosteroids, were not available. Fourth,
the analysis of the correlation between MIC and outcome in
patients receiving combination therapy did not take into account
possible interactions between the drugs. Fifth, we did not have in-
formation about voriconazole serum levels in patients treated with
this drug. Finally, although EUCAST and CLSI seem to have good
agreement for MIC determination, the best scenario would be if all
MICs had been determined using one of the two methods, prefer-
ably in only one reference laboratory.

Despite these limitations, our study has important clinical and
experimental implications. First, while MIC determination may be
useful for epidemiological purposes, the results of this study show
that MIC should not guide clinicians in choosing which antifungal
agent to use to treat invasive fusariosis. Likewise, some experts
recommend the use of combination therapy with the justification
that since most Fusarium species exhibit high MICs for voricon-
azole, it would be safer to start treatment with amphotericin B and
an azole (usually voriconazole). The data presented in this study
do not support such an approach as the mortality rate at 6 weeks
was similar between those treated with voriconazole and ampho-
tericin B monotherapy and combination therapy with voriconazole
plus amphotericin B. Indeed, voriconazole monotherapy was the
most frequent regimen, even in neutropenic patients. From the ex-
perimental standpoint, during the development of new antifungal
drugs, a high MIC for Fusarium species should not be strongly taken
into account to discard the drug as potentially ineffective for the
treatment of invasive fusariosis. If these assumptions have been
established, voriconazole would never be an option for the treat-
ment of invasive fusariosis. Finally, our study reinforces the great
importance of recovery of host defences in the prognosis of inva-
sive fusariosis.

In conclusion, our study did not show any correlation between
MIC and mortality at 6 weeks in patients with invasive fusariosis,

indicating that MIC should not be used to choose the first-line
therapy.
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