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Impact of Previous Aspergillosis on the Outcome of Bone Marrow
Transplantation
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A retrospective analysis of 48 patients with documented or probable invasive aspergillosis (IA)
prior to bone marrow transplantation (BMT) was conducted in 16 centers. Treatment of primary
IA was medical in all 48 patients and surgical in 20; clinicoradiological resolution of IA occurred
in 30 of 48 patients. Pretransplantation risk factors for relapse IA, total mortality, and IA-related
mortality were analyzed by multivariate logistic regression with the following dichotomous risk
factors: surgery as part of the initial treatment, resolution of IA by the time of BMT, donor type,
conditioning regiment, total-body irradiation, T cell depletion, immunosuppressive therapy, type of
antifungal prophylaxis, and growth factor prophylaxis. Conditioning with busulfan/cyclophospha-
mide was associated with a beneficial outcome for total survival and reduced IA-related mortality.
Posttransplantation risk factors such as the development of graft-vs.-host disease (GVHD), therapy
for GVHD, and the duration of neutropenia did not have a significant effect on relapse IA, IA-
related mortality, or total mortality. The overall incidence of relapse IA was lower than expected
(33% [16 of 48 patients]), but the mortality rate among relapsed patients was 88% (14 of 16).
Patients receiving prophylaxis with absorbable or intravenous antifungals had less relapses of IA
than did those not receiving prophylaxis (12 of 41 vs. four of seven, respectively). This finding
reflects the need for better prophylaxis and new antifungal treatments for patients undergoing BMT
who have a history of IA.

Autopsy studies involving patients with cancer and leukemia patients in remission of their leukemia to repetitive periods of
ú30 days of absolute neutropenia [6–8]; this policy increaseshave demonstrated an increase in the incidence of invasive
the likelihood that patients will present to transplantation withfungal infections over the past decade [1, 2]. A number of
a history of an invasive fungal infection during one of thedevelopments contribute to this trend. First, successful antibac-
previous episodes of neutropenia.terial chemotherapy has reduced the morbidity and mortality

A recent survey involving 120 patients with invasive asper-due to bacterial infections during neutropenia, thus increasing
gillosis (IA) demonstrated that IA in patients with hematologicthe risk for fungal colonization [3–5]. Second, intensification
malignancies represents a considerable therapeutic challenge,of chemotherapy has resulted in prolonged neutropenia and
with a mortality rate solely attributable to IA of 40% at 3more extensive disruption of mucosal barriers, especially in
months after diagnosis [9, 10]. Secondary prophylaxis for re-patients with leukemia. Currently, induction treatment of leuke-
lapse of invasive fungal infection in patients undergoing bonemia is directed toward prognostic risk factors such as cytoge-
marrow transplantation (BMT) is therefore becoming an issuenetics and response to initial treatment. A higher number of
of real concern. Azole antifungals are effective against candidalpatients receive intensification of treatment with high doses of
infection and other yeast infections [11, 12]. For mold infec-cytosine arabinoside as a result of this strategy. Intensification
tions like those due to Aspergillus and Fusarium, little data areof treatment with high doses of cytosine arabinoside exposes
available on the effectiveness of prophylaxis [11, 13]. Up to
20% of 75 BMT centers participating in a European Bone
Marrow Transplant (EBMT) questionnaire considered a history
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started a joint project of retrospective data collection from cases Transplantation data included stage of underlying disease at
BMT, total-body irradiation (TBI), chemotherapeutic condi-of patients undergoing BMT following IA.
tioning, donor type, eventual graft manipulation (purging and
T cell depletion), prophylaxis with antifungals or growth fac-

Methods tors, immunosuppressive therapy, time to recovery of granulo-
cyte count to 100 or 500/mL, and incidence and treatment ofStudy Design
graft-vs.-host disease (GVHD).

This is a retrospective analysis of 48 patients who underwent Relapse and total mortality data included date, location, and
BMT after a diagnosis of documented or probable IA during degree of documentation of relapse IA; survival time; cause of
earlier treatment of aplastic anemia or malignancy. Data were death; whether relapse IA was documented or probable; and
collected from 16 centers across Europe. The purposes of the whether death was, at least in part, attributable to IA.
study were to determine whether IA should be a contraindica-
tion to transplantation and to analyze the impact of risk factors

Statistical Analysisrelated to conditioning regimen, type of transplant, and antifun-
gal prophylaxis on the rate of relapse IA, IA-related mortality,

The impact of the above-mentioned variables on relapse IA,
and total mortality. Since there was no limit for this retrospec-

total mortality, and IA-related mortality was analyzed by div-
tive survey, we evaluated BMTs that were performed from as

iding each variable in a number of ordinal categories and
early as 1981 to the beginning of 1996. It was impossible to

applying Fisher’s exact test. Variables that could be reduced
ascertain whether all patients with a history of IA who under-

to dichotomous categories and that related to factors that could
went transplantation in the 16 reporting centers were included

be influenced by clinical choice (e.g., surgical treatment of
in the survey. It was also unfortunately impossible to evaluate

initial episode of IA, type of conditioning, medical prophylaxis,
this number of patients against a denominator of either all

etc.) were then analyzed by fitting a multiple logistic regression
documented cases of IA or all transplantations performed be-

model. Adjusted odds ratios were calculated, and their statisti-
cause patients at the major reporting centers had received their

cal significance was evaluated according to the Wald x2 test.
prior treatment at referring hospitals.

A level of a of .05 was used to indicate statistical significance.

Definitions of IA
Results

The following definitions of IA were used: documented—
Demographics and Characteristics of Pretransplantation

in the presence of compatible clinical signs and symptoms,
Episodes of IA

examination of a tissue biopsy specimen or aspirate from a
Of the 48 patients in this retrospective study, 19 werenormally sterile body fluid that was obtained in a sterile fashion

women, and 29 were men; the patients’ ages ranged from 1 toshowed septate hyphae microscopically or Aspergillus species
59 years (median, 33 years). Underlying hematologic diseasesin culture; probable—invasive pulmonary disease and the pres-
included acute myeloid leukemia in 34 patients, acute lympho-ence of clinical signs and symptoms together with a cavitary
cytic leukemia in 9, severe aplastic anemia in 4, and chroniclesion on a roentgenogram with a halo sign on a CT or the
myeloid leukemia in 1. The time between diagnosis of thepresence of suggestive radiological findings with positive re-
underlying disease and the onset of IA ranged from 14 dayssults of cytological examination or culture of a bronchoalveolar
to 72 months (median, 3 months). Documented IA was foundlavage (BAL) fluid specimen; and relapse—in the same fashion
in 10 patients, and probable IA occurred in 38. The diseaseas documented or probable cases, but time to relapse was
originated in the lungs in 44 patients and in the sinus in four.counted as the first day of radiological suspicion not that of
A blood culture was positive for one patient with aspergillosis.the repeated culture or biopsy examination.
There were no patients with CNS infections due to Aspergillus
as part of their primary episode of IA.

Data Collection

Information collected was divided into data on the pretrans-
Treatment of Primary IA

plantation episode of IA, data on transplantation, and data on
relapse IA and total mortality. All patients received antifungal drugs as treatment for their

initial episode of IA. Four patients received itraconazole only,Pretransplantation data included age; sex; underlying dis-
ease; time from underlying disease to pretransplantation diag- 4 received itraconazole and amphotericin B, 34 received am-

photericin B at a dosage of at least 0.7 mg/(kgrd), and 10nosis of IA; localization and documentation of IA; medical,
surgical, and growth factor treatment of the initial episode received liposomal amphotericin B (AmBisome, Vestar, San

Dimas, CA). For two patients, 5-fluorocytosine was added toof IA; and clinical, radiological, and mycological response to
treatment of the initial episode of IA. the amphotericin B treatment.
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Table 1. Characteristics of 48 patients with previous aspergillosisThe duration of antifungal treatment with intravenous am-
who underwent bone marrow transplantation.photericin B varied from 3 to 112 days (median, 54 days).

Treatment was at least 10 days in duration except for two
Characteristic No. (%) of patients

patients who received prolonged therapy with itraconazole (150
and 180 days, respectively). With the exception of these two Donor type

Autologous 11 (23)patients, all patients received a cumulative dose of amphoteri-
Allomatched sibling 27 (56)cin B of 2 g. For patients given liposomal amphotericin B, the
Mismatched sibling 3 (6)duration of initial treatment ranged from 11 to 113 days (me-
Unrelated matched 5 (10)

dian, 56 days); the cumulative doses ranged from 1,150 to Unrelated mismatched 1 (2)
16,600 mg. Itraconazole was given for variable durations Graft manipulation

4-HC purging 5 (10)(range, 15–380 days) at a dosage of 400 mg/d.
T cell depletionGrowth factors were added to the treatment for 11 patients:

Campath-1 10 (21)6 received granulocyte-macrophage colony-stimulating factor
Elutriation 2 (4)

(CSF), 4 received granulocyte CSF, and 1 received macrophage None 31 (65)
CSF. Twenty patients underwent surgery as well as medical Conditioning regimen

Busulfan/cyclophosphamide 19 (40)treatment. In 16 cases, surgery was the removal of a pulmonary
Cyclophosphamide/ATG 5 (10)localization by lobectomy, and in four cases, it was extensive
Cyclophosphamide and other agent 18 (37)sinus drainage. Clinical and radiological resolution occurred in
Other 6 (13)

30 patients. Residual radiographic abnormalities were focal in Total-body irradiation
12 patients and multifocal in six. Control cultures of sinus or Yes 30 (63)

No 18 (37)BAL fluid specimens from 20 patients were repeated and found
Immunosuppressive treatmentto be positive for four. All four patients had severe aplastic

None 15 (31)anemia; further delay of transplantation was judged to be detri-
Cyclosporine/MTX 22 (46)

mental to the outcome for these patients. Cyclosporine/steroid 3 (6)
Other 8 (17)

Transplant Characteristics NOTE. ATG Å antithymocyte globulin; 4-HC Å 4-hydroxycyclophospha-
mide; MTX Å methotrexate.

The interval between clinical resolution of primary IA and
BMT ranged from persistent positive cultures at the time of
transplantation to 21 months (median, 3 months). The charac-

regimen (busulfan/cyclophosphamide or other regimen), T cellteristics of the 48 patients, including transplant donor, manipu-
depletion (yes or no), cyclosporine as part of the immunosup-lation of the graft, conditioning regimen, TBI, immunosuppres-
pressive treatment (yes or no), prophylaxis with itraconazolesive therapy, and incidence of GVHD that eventually required
after BMT (yes or no), intravenous amphotericin B (yes or no),steroid treatment, are summarized in table 1.
treatment with liposomal amphotericin B (yes or no),The median time to recovery of the granulocyte count to
and growth factor treatment (granulocyte or granulocyte-100, 500, and 1,000/mL was 16 days (range, 6–50 days), 21
macrophage CSF or none). The multivariate analysis demon-days (range, 7–61 days), and 24 days (range, 19–319 days),
strated that none of the risk factors had a statistically significantrespectively. Six patients died before the count ever reached
effect on relapse IA, total mortality, and IA-related mortality100/mL. Platelet transfusions were stopped at a median of 36
with one exception: rates of total mortality (P Å .02) and IA-days (range, 8–150 days); 12 patients died before transfusions
related mortality (P Å .01) were significantly lower amongwere stopped.
busulfan/cyclophosphamide–treated patients than among those
receiving other conditioning regimens.

Relapse IA and Survival

The risk factors to be analyzed were determined from a
Influence of Neutropenia and GVHD

clinical viewpoint with emphasis on factors subject to clinical
decision, such as pretransplantation surgery, choice of antifun- Duration of neutropenia and GVHD and its treatment with

corticosteroids are widely believed to be important risk factorsgal prophylaxis, type of immunosuppressive treatment, and
graft manipulation (T cell depletion). The following dichoto- for relapse IA. These variables were analyzed separately for

two reasons: first, patients who died before recovery of themous risk factors were analyzed by multiple logistic regression:
surgical treatment of initial IA (yes or no), clinical resolution granulocyte count would introduce a bias by skewing the data

on the risk of mortality, and second, they are variables that do notof IA by the time of transplantation (yes or no), donor type
(autologous, allomatched sibling, mismatched sibling, or unre- play a role in clinical decisions on the planning of transplantation

because their outcome is unpredictable at that time. No statisticallated matched or mismatched), TBI (yes or no), conditioning
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Table 2. Results of univariate analysis of GVHD, steroid treatment, lung and two from lungs to heart valve and brain, respectively).
and neutropenia on relapse IA and mortality in patients with previous Relapse IA occurred a median of 15 days (range, 0–120 days)
IA who underwent bone marrow transplantation. after BMT. The duration of secondary antifungal prophylaxis

ranged from 0 to 60 days (median, 25 days) for patients whoNo. of patients
relapsed and from 0 to 120 days (median, 30 days) for those

Total no. Relapse who did not. Of the 16 patients who relapsed, two were no
Risk factor of patients of IA Death longer receiving secondary antifungal prophylaxis at the time

of relapse because they were no longer neutropenic. Eight pa-
GVHD

tients were receiving intravenous amphotericin B, 2 were re-Yes 16 6 9
ceiving oral amphotericin B only, and 4 were receiving itraco-No 32 9 14

P value (Fisher’s exact test) .51 .41 nazole.
Steroid treatment The granulocyte count wasú100/mL in 11 of 16 patients and

Yes 16 6 9 ú500/mL in 10 of 16 patients at the time of relapse. Absence of
No 32 9 14

secondary prophylaxis or oral amphotericin B treatment wasP value (Fisher’s exact test) .51 .41
associated with relapse in four (57%) of seven patients in con-Days to granulocyte count of 100/mL

õ16 18 7 7 trast to only 12 (29%) of 41 patients receiving intraconazole
16–25 20 6 10 or some formulation of intravenous amphotericin B therapy.
ú25 4 0 0

P value (Fisher’s exact test) .39 .21
Days to granulocyte count of 500/mL

Total Survival and Survival of Patients with Relapse IAõ21 19 8 8
21–40 21 5 9

Twenty-three (48%) of the 48 patients died; 14 patients hadú40 1 0 0
relapse IA, and nine did not. Sixteen patients (33%) had relapseP value (Fisher’s exact test) .39 .99
IA during a follow-up period of 2 days to 72 months (median,

NOTE. GVHD Å graft-vs.-host disease; IA Å invasive aspergillosis. 6 months) after BMT.
Total survival and differences in survival rates between pa-

tients with relapse IA and those without relapse IA are shownsignificance was found by univariate analysis with Fisher’s exact
by Kaplan-Meier curves in figure 1. IA was implicated as atest on ordinal groups for recovery of the granulocyte count to
contributing cause of death in all 14 of the 16 patients with100/mL and 500/mL and on dichotomous groups for the presence
relapse IA who died. Two patients with acute myeloid leukemiaof GVHD (less than grade 2 vs. grade 2 or higher) and treatment
and relapse IA recovered: one had probable lung disease fol-of GVHD (steroids vs. none) (table 2).
lowing autologous BMT that was treated with liposomal am-
photericin B, and one had lung disease and a documented giantSecondary Antifungal Prophylaxis
brain abscess following matched allogeneic BMT. The brainForty-one of the 48 patients were receiving secondary pro-
abscess became encapsulated following discontinuation of im-phylaxis. Secondary prophylaxis consisted of intravenous am-

photericin B only in 16 patients, itraconazole only in 6, and
liposomal amphotericin B only in 6. Thirteen patients received
more than one drug: intravenous amphotericin B and itracona-
zole for 9, liposomal amphotericin B only after amphotericin
B for 1, and itraconazole plus conventional amphotericin B
switched to itraconazole plus liposomal amphotericin B on the
day of transplantation for 3. The dosage of itraconazole was
200 mg/d for 5 patients, 400 mg/d for 11, and 600 mg/d
for 2. There was a wide variation in daily doses of conven-
tional amphotericin B (0.25 to 1.5 mg/[kgrd]; median, 0.5
mg/[kgrd]). Cumulative doses ranged from 105 to 4,900 mg
given over 7 to 71 days. Liposomal amphotericin B was given
at doses ranging from 0.5 to 5 mg/(kgrd) (median, 1.5
mg/[kgrd]). Cumulative doses ranged from 750 to 16,000 mg
(median, 2,400 mg) given over 10 to 80 days.

Figure 1. Kaplan-Meier plot for survival in patients with previous
IA who underwent BMT. The plot represents patients with relapseClinical Characteristics of Relapse IA
IA (*), patients without relapse IA (j), and the total patient population

Relapse IA occurred in the original location in all patients (/). BMT Å bone marrow transplantation; IA Å invasive aspergillo-
sis.and in secondary locations in three patients (one from sinus to
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munosuppressive therapy and combination treatment with lipo- The absence of an association between relapse IA and clinical
resolution of IA suggests that either residual chest radiographicsomal amphotericin B and intravenous itraconazole.
abnormalities do not necessarily imply persistent infection or that
IA is a multifocal disease on the microscopic level and that

Discussion
absence of lesion does not imply cure. Since this was a multicen-
ter study with a limited number of patients who underwent sur-This retrospective study of the incidence and clinical course

of relapse IA following BMT in patients with previous IA was gery, considerable variability in surgical approach may have been
present and has not been taken into account. For example, theinitiated as an EBMT-EORTC joint project for two reasons.

First, there was an almost total absence of data and guidelines statistical approach used does not allow for a difference between
patients who have never had more than focal disease and patientson the ethical acceptability of BMT despite the increasing fre-

quency of IA, which is associated with a high mortality rate. in whom a residual focus was resected after medical treatment of
multifocal disease. This may explain why there is a discrepancy inSecond, the poor performance of available drugs and the high

risk of relapse IA required assessment of the magnitude of this the results obtained with surgery in previous reports [15–18] and
the apparent lack of statistical significance of surgical interventionrisk and investigation of associated risk factors in planning

trials of new promising antifungal treatments for patients un- emerging from this analysis.
Conditioning with busulfan/cyclophosphamide was the onlydergoing BMT. In 1993, an initial questionnaire was circulated

to 75 BMT centers to solicit opinions on whether IA should factor that was associated with lower overall mortality and
lower IA-related mortality. In the univariate analysis, a trans-be considered a contraindication to BMT and, if not, how it

should be managed [14]. Sixteen centers agreed to participate plant from an unrelated or mismatched donor had an adverse
effect, but this circumstance was not a separate risk factor inin data collection from cases of patients who had undergone

BMT following a history of IA; these data resulted in the the multivariate analysis (data not shown). This study included
predominantly patients with pulmonary IA; it may be expectedpresent analysis.

In our survey, relapse IA was documented in 16 (33%) of therefore that radiation to the lungs during TBI would make
patients more susceptible to relapse IA than after conditioning48 patients. However, when it occurred, it was fatal in 14

(88%) of 16 patients, usually despite aggressive treatment. This with busulfan/cyclophosphamide. TBI however was not a sepa-
rate risk factor in either the univariate analysis or the multivari-lower-than-expected incidence of relapse IA may be interpreted

in different ways. ate analysis. The observations that conditioning with busulfan/
cyclophosphamide is associated with lower mortality and thatOn the one hand, before transplantation, the number of pa-

tients with documented IA was low (21%) compared with the conditioning with TBI is not associated with higher mortality
may therefore appear contradictory. These apparently contra-number of patients with probable IA (79%). Indeed, relapse

IA occurred more frequently in patients with documented IA dictory observations may be explained by the presence of
patients with severe aplastic anemia who underwent trans-(five of 10 patients) than in patients with probable IA (11 of

38 patients). The definition of probable IA remains however plantation with persistent IA after conditioning with cyclophos-
phamide/antithymocyte globulin and therefore without TBI.sufficiently stringent that the practicing physician confronted

with this situation cannot afford not to treat it. On the other This group contributes to an adverse prognosis for the patients
who did not undergo TBI but not for those receiving busulfan/hand, the interval between the primary episode of IA and trans-

plantation was usually sufficiently long to allow for complete cyclophosphamide conditioning.
Other variables expected to be of importance such as dura-clinical resolution, with the notable exception of the four pa-

tients with aplastic anemia who underwent transplantation de- tion of neutropenia [3, 6] and the type of immunosuppressive
prophylaxis [17] did not affect relapse IA, total mortality, orspite persistent IA and uniformly fared badly. Finally, although

all of the 48 patients met the criteria of the definition of IA, IA-related mortality. The influence of GVHD and its treatment
is difficult to assess in this study. Although the cumulativeonly one (for whom a blood culture was positive) had truly

disseminated disease. The other patients had invasive localized incidence of grade 2 or higher GVHD was 43% (16 of 37
allomatched bone marrow patients), it was confined to skindisease. The results of this study should not be extrapolated to

patients with primary disseminated IA, including CNS localiza- involvement in almost all cases, and all patients were treated
with standard corticosteroid dosages of 2 mg/(kgrd).tion.

The relatively long interval that enables recovery certainly The administration of prophylactic growth factors was not
significantly related to a lower risk of relapse, but there was aintroduces a bias toward the inclusion of only those patients

whose prognosis with respect to relapse of malignancy is better consistent trend toward lower rates of relapse IA, total mortal-
ity, and IA-related mortality. In view of the relatively smallthan if the interval between primary IA and BMT were shorter.

This bias is reflected in the relatively low overall mortality rate impact that may be expected on the basis of current data [18],
the lack of finding statistical significance may well be due to(48%), which is similar to the average mortality rate among

bone marrow transplant patients who have not had IA before the low number of patients (only 11) who were treated with
growth factors.transplantation.
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sel, Switzerland), P. Ribaud (Paris), D. Selleslag (Brugge, Belgium),Secondary antifungal prophylaxis with itraconazole, intrave-
and L. Berger and C. Kibbler (Royal Free Hospital, London).nous amphotericin B, or liposomal amphotericin B was admin-

istered to 41 of the 48 patients. Secondary prophylaxis with
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