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BACKGROUND. Invasive infection by Fusarium sp. is associated with high mortality

in patients with hematologic cancer. Yet to the authors’ knowledge, little is known

regarding predictors of adverse outcome.

METHODS. The authors conducted a retrospective review of the records of patients

with hematologic carcinoma and invasive fusariosis who were treated at one

institution in the U.S. and at 11 centers in Brazil.

RESULTS. The records of 84 patients were evaluated. Neutropenia was present in

83% and 33 patients had undergone stem cell transplantation. Only 18 patients

(21%) were alive 90 days after the diagnosis of fusariosis. Multivariate predictors of

poor outcome were persistent neutropenia (hazard ratio [HR] of 5.43; 95% confi-

dence interval [95% CI], 2.64 –11.11) and use of corticosteroids (HR of 2.18; 95% CI,

1.98 –3.96). The actuarial survival rate of patients without any of these factors was

67% compared with 30% for patients who recovered from neutropenia but were

receiving corticosteroids and 4% for patients with persistent neutropenia only.

None of the patients with both risk factors survived (P � 0.0001).

CONCLUSIONS. Measures to reduce the duration of neutropenia, as well as the

judicious use of corticosteroids, may reduce the high mortality rate of fusariosis in

patients with hematologic cancer. Cancer 2003;98:315–9.
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Fungi are responsible for most of the deaths from infections in
immunocompromised patients with hematologic diseases.1 Al-

though the candida-associated mortality rate in this population has
been reduced with the use of triazole prophylaxis,2– 4 infections due to
moulds continue to pose a significant clinical challenge.3,5,6 Among
immunocompromised patients, invasive fusariosis represents the sec-
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ond most common cause of mould infections after
aspergillosis, with greater than 90 cases reported.7–15

Although fusariosis is associated with a very high mor-
tality rate, to our knowledge little is known regarding
the predictors of poor outcome. This is because only
one large series of fusariosis has been reported to
date.13 In the current study, we analyzed 84 cases of
fusariosis in patients with hematologic carcinomas,
with a critical analysis of prognostic factors for out-
come.

MATERIALS AND METHODS
We merged two databases of invasive fusariosis in
patients with hematologic malignancies that com-
prised previously reported patients from a single U. S.
institution13 and additional unpublished cases from
Brazil.16 Investigators from 11 centers identified the
Brazilian patients by reviewing the clinical and micro-
biologic records of each hospital. A standardized case
report form was completed by all investigators and
sent to one of us (M. N.) for analysis.

The diagnosis of fusariosis was classified as
proven or as probable.17 Proven fusariosis required
the growth of Fusarium spp. in cultures of blood or
other sterile sites in patients with clinical signs of
infection or the demonstration of hyphae in tissue
specimens plus the growth of Fusarium sp. from the
same tissue specimens. Probable fusariosis was diag-
nosed if there was the growth of Fusarium sp. from
upper or lower respiratory tract secretions in patients
with clinical signs of infection compatible with fusa-
riosis in the absence of other pathogens, but without
histopathologic confirmation of tissue invasion by
fungi. Patients with positive cultures of skin lesions
(cellulitis, nodules) without histopathologic demon-
stration of hyphae were also included in this category.

Organ involvement was presumed if clinical
and/or radiologic signs of infection were present and
was confirmed if there was documentation of fusario-
sis by culture with or without histopathology. The
presence of documented infection in at least two non-
contiguous sites represented disseminated infection.

Patients were excluded if they had possible infec-
tion or an underlying disease other than hematologic
cancer, with the exception of aplastic anemia. Survival
was defined as the time between the date of diagnosis
of fusariosis and death or last follow-up. Response to
treatment was defined as a marked improvement or a
complete disappearance of all signs and symptoms of
infection.

Data were censored after 90 days. The end point
variable used for the assessment of predictors of out-
come was survival. The following variables were ana-
lyzed: age, gender, type and status of underlying dis-
ease, presence of neutropenia, therapy with corti-

costeroids, bone marrow transplantation, graft versus
host disease (GVHD), concomitant infections, clinical
findings, antifungal treatment, and bone marrow re-
covery. Patients were neutropenic if they had less than
500 neutrophils/mm3 and bone marrow recovery was
defined as a sustained (� 7 days) increase in neutro-
phils (i.e., � 500 neutrophils/mm3).

Univariate and multivariate analyses were per-
formed using the Cox proportional hazards regression
model. Variables with P values � 0.10 in the univariate
analysis were included in the multivariate analysis
model. A P value of � 0.05 was statistically significant.

RESULTS
Characteristics of the Patients
We identified 91 patients with fusariosis (38 patients
from the U. S. and 53 patients from Brazil). Seven
patients were excluded because of insufficient data
(five patients) and nonhematologic disease (two pa-
tients). Of the 84 evaluable patients, 5 had aplastic
anemia and 79 were diagnosed with a hematologic
malignancy. Of these 79 patients, 67 had active cancer
when they were diagnosed with fusariosis (40 had
recurrent disease, 15 were receiving remission induc-
tion chemotherapy, and 12 patients had only achieved
a partial remission). The majority of patients (56%)
had either myeloid (29 patients) or lymphoid acute
leukemia (18 patients; Table 1). Thirty-three patients

TABLE 1
Characteristics of the 84 Patients with Fusariosis

Characteristics No. (%)

Gender
Males (n � 49)
Females (n � 35)

Age (yrs), median (range) 31.5 (4–75)
Underlying disease

Acute myeloid leukemia 29 (35)
Acute lymphoid leukemia 18 (21)
Chronic myeloid leukemia 13 (15)
Myelodysplastic syndrome 7 (8)
Non-Hodgkin lymphoma 6 (7)
Aplastic anemia 5 (6)
Multiple myeloma 3 (4)
Chronic lymphocytic leukemia 2 (2)
Hodgkin disease 1 (1)

Underlying cancer not in complete remission 67/79 (85)
Neutropenia 70 (83)
Use of steroids 39 (46)
Stem cell transplant 33 (39)

Allogeneic 29/33 (88)
Autologous 4/33 (12)
Acute graft versus host disease 10/29 (34)
Chronic graft versus host disease 3/29 (10)
Neutropenia 24/33 (73)
Use of steroids 22/33 (67)
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(40%) had undergone bone marrow or peripheral
blood stem cell transplantation (SCT), including four
autologous transplantations. Of the 29 allogeneic re-
cipients, 20 received cells from human leukocyte an-
tigen (HLA)-compatible related donors, 6 received
cells from HLA-compatible unrelated donors, 2 re-
ceived cells from HLA-mismatched related donors,
and 1 received cells from HLA-compatible cord blood.
The median time between the transplantation and the
diagnosis of fusariosis was 30 days (range, 1–1017
days). Thirteen patients (39%) developed infection af-
ter engraftment, including 6 patients after Day 100
posttransplant.

Neutropenia was present at diagnosis in 83% of
patients. The median duration of neutropenia before
the diagnosis of fusariosis (data available for 40 pa-
tients) was 16 days (range, 2–93 days). Nine of the 14
patients with adequate neutrophil counts had under-
gone allogeneic SCT. They developed infection at a
median of 77 days after transplantation (range, 40 –
1017 days). Eight of the nine patients had GVHD and
were receiving corticosteroids at the time of diagnosis
of fusariosis. Except for two patients who had funge-
mia only, these patients had disseminated disease. By
contrast, in non-SCT recipients, the infection was lim-
ited (localized skin or fungemia) and occurred in pa-
tients who were receiving corticosteroids.

Fifty-six patients (67%) were receiving an antifun-
gal agent when fusariosis was diagnosed (i.e., flucon-
azole [n � 26], amphotericin B [n � 25], ketoconazole
[n � 3], and itraconazole [n � 2]). These agents were
used as empiric therapy in 33 patients, prophylaxis in
24 patients, and for the treatment of another fungal
infection in 1 patient. Forty-four patients (52%) had a
concomitant infection (bacterial, fungal, or viral).

Clinical Manifestations
Fever was the most frequent clinical manifestation
(92%), followed by skin lesions (77%). The majority of
skin lesions were disseminated (66%), consisting of
papular or nodular erythematous lesions with or with-
out central necrosis. Lung infiltrates presumed to be
due to fusariosis were present in 54% of patients and
were comprised of nonspecific alveolar infiltrates (8
unilateral and 19 bilateral), nodules (3 unilateral and 6
bilateral), interstitial infiltrates (1 unilateral and 6 bi-
lateral), and cavities (3 patients). There were no dif-
ferences in the radiologic pattern between neutro-
penic and nonneutropenic patients. Sinusitis was
present in 36% of patients. Seven patients developed
blindness and five other patients had central nervous
system lesions that presented as focal signs. The in-
fection was disseminated in 66 patients (79%) and
localized in 9 (i.e., the skin in 6 patients, the sinuses in
2 patients, and the lungs in 1 patient). Fungemia with-

out apparent organ involvement was present in nine
patients (11%).

Diagnosis of Fusariosis
The diagnosis of fusariosis was made by culture in 65
patients (blood [n � 26], skin biopsy [n � 18], blood
and skin biopsy [n � 12], sinus tract [n � 8], and
bronchoalveolar lavage [n � 1]). Both culture and
histopathology were positive in 19 patients (blood cul-
ture plus skin histopathology [n � 10]; blood, skin
culture, and skin histopathology [n � 8]; and sinus
culture and histopathology [n � 1]). Forty-six patients
(55%) had positive blood cultures. Seventy-one pa-
tients had proven and 13 had probable fusariosis. Of
these 13 patients, 5 had concomitant bacteremia. The
species causing infection were identified in 30 patients
(Fusarium solani in 17 patients; Fusarium monili-
forme in 4 patients; Fusarium oxysporum in 4 patients;
F. solani and Fusarium verticillioides in 1 patient; and
Fusarium proliferatum, Fusarium dimerum, Fusarium
semitectum, and Fusarium equiseti in 1 patient each).

Treatment and Outcome
All but two patients, whose diagnosis was established
after death, received antifungal therapy. Deoxycholate
amphotericin B (n � 69 patients) was the most fre-
quently used drug, followed by liposomal amphotericin
B (n � 9 patients), amphotericin B in colloidal dispersion
(n � 3 patients), and amphotericin B in a lipid complex
(n �1 patient). A colony-stimulating factor (CSF) was
used in 39 patients (granulocyte–colony-stimulating fac-
tor [G-CSF] in 33 patients and granulocyte-macrophage–
colony-stimulating factor in 6 patients). Nineteen of the
70 neutropenic patients received granulocyte transfu-
sions after the diagnosis of fusariosis.

Twenty-seven patients (32%) responded to treat-
ment. At Day 30 after the diagnosis of fusariosis, 42
patients (50%) had died and all but 5 of these patients
had active fusarial infection at the time of death. Only
18 patients (21%) were still alive 90 days after the
diagnosis of fusariosis. Of those patients who died, 59
died of fusariosis and 7 died of the underlying disease.
The median survival of all 84 patients was 32 days.

Prognostic Factors
Factors associated with poor outcome in all 84 pa-
tients by univariate analysis included persistent neu-
tropenia (P � 0.0001), therapy with corticosteroids (P
� 0.002), disseminated infection (P � 0.02), and allo-
geneic SCT (P � 0.04). Only persistent neutropenia (P
� 0.0001) (hazard ratio [HR] of 5.43; 95% confidence
interval [95% CI], 2.64 –11.11) and therapy with corti-
costeroids (P � 0.001) (HR of 2.18; 95% CI, 1.98 –3.96)
remained significant by multivariate analysis (Table
2). Both factors showed a strong impact on survival.
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The actuarial survival of patients with both persistent
neutropenia and corticosteroid therapy was 0 % com-
pared with 67% who had neither of these two factors
present, 30% for patients on corticosteroids (but ade-
quate neutrophil counts), and 4% for patients whose
only negative prognostic factor was persistent neutro-
penia (P � 0.0001) (Fig. 1).

Univariate analysis in the subset of the 14 non-
neutropenic patients revealed 2 factors that were pre-
dictive of poor outcome (i.e., diagnosis of chronic
myeloid leukemia [P � 0.03] [HR of 9.09; 95% CI,
1.31–100] and corticosteroid therapy [P � 0.02] [HR of
12.5; 95% CI, 1.47–100]). By multivariate analysis, only
corticosteroid therapy remained significant (P � 0.02)
(HR of 12.05; 95% CI, 1.46 –100).

DISCUSSION
The results of the current study indicate that persis-
tent neutropenia and therapy with corticosteroids
were significant predictors of poor outcome among

neutropenic patients with fusariosis. Among patients
with adequate neutrophil counts, corticosteroid ther-
apy was the only predictive risk factor. Most of these
patients were SCT recipients who developed fusarial
infection while receiving corticosteroids for therapy of
GVHD.

These results also confirm and extend the findings
of the previous large series13 regarding the clinico-
pathologic features of fusariosis in patients with he-
matologic diseases. Fusariosis typically develops in
two settings. First, fusariosis develops in patients with
profound (� 100/mm3) and prolonged (� 14 days)
neutropenia after receiving cytotoxic therapy for acute
leukemia or as a conditioning regimen for SCT. Sec-
ond, fusariosis develops in patients who have ade-
quate neutrophil counts but severe immunosuppres-
sion after receiving corticosteroid therapy for GVHD.
The majority of patients develop characteristic meta-
static skin lesions, which are frequently the most im-
portant source of diagnosis. Bloodstream infections
are also common and may yield the diagnosis. A wide
spectrum of pulmonary involvement may be noted,
from nonspecific alveolar and interstitial infiltrates to
nodules and cavities.

Both variables identified as significant prognostic

TABLE 3
Management of Fusarial Infections

Prevention
Educate patients regarding the need to avoid activities associated with an

increased risk of skin breakdown (e.g., clipping nails during periods of
immunosuppression) and exposure of wounds to contaminated tap water

Preventive measures before immunosuppression
Perform debridement of infected wounds and apply topical antifungal agents

(terbinafine, natamycin, other) if culture yields Fusarium spp.
Patients with previous history of fusariosis

If clinically justifiable, consider giving less immunosuppressive therapies
instead of stem cell transplant (e.g., imatinib mesylate to patients with
chronic myeloid leukemia, thalidomide or PS-341 to patients with multiple
myeloma)

Search for residual foci of fusariosis with image methods (CT, MRI, and PET)
and surgically remove these lesions

Consider giving G-CSF plus dexamethasone-elicited leukocyte transfusions
throughout the period of neutropenia

Consider prophylaxis with a newer azole active against Fusarium spp.
Treatment of established fusarial infection

Minimize the deleterious effects of neutropenia
Give colony-stimulating factors (G-CSF or GM-CSF) until bone marrow

recovery
Give G-CSF plus dexamethasone-elicited leukocyte transfusions until bone

marrow recovery
Infuse autologous stem cells if available

Minimize the deleterious effects of corticosteroids
Consider discontinuation or reduction of corticosteroids
Combination of antifungal agents is investigational

CT: computed tomography; MRI: magnetic resonance imaging; PET: positron emission tomography;

G-CSF: granulocyte– colony-stimulating factor; GM-CSF: granulocyte-macrophage– colony-stimulating

factor.

TABLE 2
Factors Associated with Lower Survival in 84 Patients with
Hematologic Diseases and Fusarium Infection

Variables

Univariate analysis Multivariate analysis

HR 95% CI HR 95% CI

Persistent neutropenia 5.17 2.62–10.20 5.43 2.64–11.11
Disseminated infection 3.81 1.19–12.15 3.57 0.46–27.77
Use of corticosteroids 2.17 1.33–3.57 2.18 1.98–3.96
SCT 1.69 1.03–2.78 1.52 0.86–2.69

HR: hazard ratio; 95% CI: 95% confidence interval; SCT: stem cell transplantation.

FIGURE 1. Survival of patients with fusariosis according to the presence of

prognostic factors (P � 0.0001, log rank test). Line with small dashes: bone

marrow recovery with no steroid use; line with large dashes: bone marrow recovery

with use of steroids; unbroken line: persistent neutropenia with no steroid use; line

with small and large dashes: persistent neutropenia with use of steroids.
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factors in the current study (profound and persistent
neutropenia and corticosteroid therapy) are known to
negatively influence the outcome of cancer patients with
invasive fungal infections.18–21 Because of the poor prog-
nosis associated with this infection, and the limited and
variable susceptibility of Fusarium spp. to antifungal
agents, prevention of infection remains the cornerstone
of management (Table 3). Every effort should be made to
prevent patient exposure (e.g., by avoiding contact with
reservoirs of Fusarium spp., such as tap water22), to
decrease the level of immunosuppression (e.g. by reduc-
ing or discontinuing immunosuppressive agents), to
shorten the duration of neutropenia, including the use of
nonmyeloablative preparative regimens for allogeneic
SCT and CSF, as well as G-CSF and dexamethasone-
elicited leukocyte transfusions in patients with a history
of Fusarium infection.10,23 Although the use of CSF was not
identified as a favorable prognostic factor in our study, a
trend (P � 0.06) toward longer survival was observed
among neutropenic patients who were given these agents
prophylactically (data not shown). Newer antifungal agents
may have activity against Fusarium sp. Anecdotal reports
of successful therapy with voriconazole and posaconazole
have reported. These agents deserve further study as pro-
phylactic agents for this serious infection.24,25

REFERENCES
1. de Pauw BE, Meunier F. The challenge of invasive fungal

infection. Chemotherapy. 1999;45(Suppl 1):1–14.
2. Abi-Said D, Anaissie E, Uzun O, et al. The epidemiology of

hematogenous candidiasis caused by different Candida spe-
cies. Clin Infect Dis. 1997;24:1122–1128.

3. McNeil MM, Nash SL, Hajjeh RA, et al. Trends in mortality
due to invasive mycotic diseases in the United States, 1980-
1997. Clin Infect Dis. 2001;33:641– 647.

4. van Burik JH, Leisenring W, Myerson D, et al. The effect of
prophylactic fluconazole on the clinical spectrum of fungal
diseases in bone marrow transplant recipients with special
attention to hepatic candidiasis. An autopsy study of 355
patients. Medicine (Baltimore). 1998;77:246 –254.

5. Baddley JW, Stroud TP, Salzman D, Pappas PG. Invasive
mold infections in allogeneic bone marrow transplant re-
cipients. Clin Infect Dis. 2001;32:1319 –1324.

6. Patterson TF, Kirkpatrick WR, White M, et al. Invasive aspergillo-
sis. Disease spectrum, treatment practices, and outcomes. I3 As-
pergillus Study Group. Medicine (Baltimore). 2000;79:250–260.

7. Merz WG, Karp JE, Hoagland M, et al. Diagnosis and suc-
cessful treatment of fusariosis in the compromised host.
J Infect Dis. 1988;158:1046 –1055.

8. Nucci M, Spector N, Lucena S, et al. Three cases of infection
with Fusarium species in neutropenic patients. Eur J Clin
Microbiol Infect Dis. 1992;11:1160 –1162.

9. Spielberger RT, Falleroni MJ, Coene AJ, Larson RA. Concom-
itant amphotericin B therapy, granulocyte transfusions, and
GM-CSF administration for disseminated infection with
Fusarium in a granulocytopenic patient. Clin Infect Dis.
1993;16:528 –530.

10. Hennequin C, Benkerrou M, Gaillard JL, Blanche S, Fraitag
S. Role of granulocyte colony-stimulating factor in the man-

agement of infection with Fusarium oxysporum in a neutro-
penic child. Clin Infect Dis. 1994;18:490 – 491.

11. Velasco E, Martins CA, Nucci M. Successful treatment of
catheter-related fusarial infection in immunocompromised
children. Eur J Clin Microbiol Infect Dis. 1995;14:697– 699.

12. Hennequin C, Lavarde V, Poirot JL, et al. Invasive Fusarium
infections: a retrospective survey of 31 cases. The French
’Groupe d’Etudes des Mycoses Opportunistes’ GEMO. J Med
Vet Mycol. 1997;35:107–114.

13. Boutati EI, Anaissie EJ. Fusarium, a significant emerging
pathogen in patients with hematologic malignancy: ten
years’ experience at a cancer center and implications for
management. Blood. 1997;90:999 –1008.

14. Girmenia C, Iori AP, Boecklin F, et al. Fusarium infections in
patients with severe aplastic anemia: review and implica-
tions for management. Haematologica. 1999;84:114 –118.

15. Guarro J, Nucci M, Akiti T, Gene J. Mixed infection caused
by two species of Fusarium in a human immunodeficiency
virus-positive patient. J Clin Microbiol. 2000;38:3460 –3462.

16. Nucci M, Queiroz-Telles F, Trabasso P, et al. Epidemiologic
study of systemic Fusarium infection in Brazil [abstract].
Program and abstracts of the 40th Interscience Conference
on Antimicrobial Agents and Chemotherapy, Toronto, On-
tario, Canada, September 17–20, 2000. Washington, DC:
Amreican Society for Microbiology, 2000.

17. Ascioglu S, Rex JH, de Pauw B, et al. Defining opportunistic
invasive fungal infections in immunocompromised patients
with cancer and hematopoietic stem cell transplants: an
international consensus. Clin Infect Dis. 2002;34:7–14.

18. Lin SJ, Schranz J, Teutsch SM. Aspergillosis case-fatality rate:
systematic review of the literature. Clin Infect Dis. 2001;32:
358 –366.

19. Nucci M, Silveira MI, Spector N, et al. Risk factors for death
among cancer patients with fungemia. Clin Infect Dis. 1998;
27:107–111.

20. Ribaud P, Chastang C, Latge JP, et al. Survival and prognos-
tic factors of invasive aspergillosis after allogeneic bone
marrow transplantation. Clin Infect Dis. 1999;28:322–330.

21. Uzun O, Anaissie EJ. Predictors of outcome in cancer pa-
tients with candidemia. Ann Oncol. 2000;11:1517–1521.

22. Anaissie EJ, Kuchar RT, Rex JH, et al. Fusariosis associated with
pathogenic Fusarium species colonization of a hospital water
system: a new paradigm for the epidemiology of opportunistic
mold infections. Clin Infect Dis. 2001;33:1871–1878.

23. Dignani MC, Anaissie EJ, Hester JP, et al. Treatment of
neutropenia-related fungal infections with granulocyte col-
ony-stimulating factor-elicited white blood cell transfu-
sions: a pilot study. Leukemia. 1997;11:1621–1630.

24. Hachem RY, Raad II, Afif CM, et al. An open, non-compar-
ative multicenter study to evaluate efficacy and safety of
posaconazole (SCH 56592) in the treatment of invasive fun-
gal infections refractory to or intolerant to standard therapy
[abstract]. Programs and abstracts of the 40th Interscience
Symposium on Antimicrobial Agents and Chemotherapy,
Toronto, Ontario, Canada, September 17–20, 2000 Washing-
ton, DC: American Society for Microbiology, 2000.

25. Reyes GH, Long L, Hossain M, Ghannoum MA. Evaluation of
voriconazole efficacy in the treatment of murine fusariosis
[abstract]. In: Programs and abstracts of the 41th Inter-
science Symposium on Antimicrobial Agents and Chemo-
therapy, Chicago, Illinois, December 16 –19, 2001. Washing-
ton, DC: American Society for Microbiology, 2001.

Fusarium Prognostic Factors/Nucci et al. 319


