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PURPOSF~ Invasive Asperg///tts infections cause 
significant morbidity and mortality in marrow 
transplant patients. In this study, we examined 
whether administration of intravenous low-dose 
prophylactic amphotericin B could reduce the 
incidence and mortality associated with invasive 
aspergillosis in patients undergoing allogeneic 
marrow transplantation. 

PATIENTS AND METHODS: The subjects of this 
R n , , l ys i s  were 186 consecutive patients undergo- 
ing allogeneic marrow transplantation in an 
adult bone m~vrow transplant unit between July 
1, 1985, and September 30, 1990, utilizing consis- 
tent disease-specific chemoirradiation and graft- 
versus-host disease protocols. The incidence, 
morbidity, and case fatality of invasive aspergil- 
losis in the study group receiving amphotericin 
chemoprophyls~i~ were compared with that in 
two historic cohorts managed without prophy- 
lactic amphotericin B. Univariate and multivari- 
ate statistical ~n~lyses were performed to e x a m -  

ine whether an apparent protective effect could 
be attributed to differences in patient and treat- 
ment variables Among the cohorts and to deter- 
mine potential toxicities of the chemoprophylax- 
is regimen. 

RESULTS: There was a significant reduction in 
both the incidence (p = 0.003) and mortality (p = 
0.03) of invasive aspergillosis in patients receiv- 
ing amphotericin B chemoprophyla~s as com- 
pared with those not receiving chemoprophylax- 
is. The prophylactic amphotericin B schedule, as 
employed here, was not associated with in- 
creased renal or hepatic toxicity as compared 
with that in historically managed patients. 
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CONCLUSION: These data suggest that the risks 
of invasive aspergillosis in ailogeneic m~vrow 
transplant recipients can be reduced by admln- 
istration of prophylactic smphotericin B during 
the pretr~naplant and peritransplant periods. 

S everal infectious diseases potentially compli- 
cate the course of patients undergoing marrow 

transplantation [1-4]. With improving prophylaxis 
and treatment for an increasing spectrum of bacte- 
rial, viral, and fungal pathogens, however, invasive 
aspergiUosis has now emerged as the most frequent 
cause of mortality from infection in many trans- 
plant units [5-7]. The risk of this fungal infection is 
increased in patients who have prolonged neutro- 
penia [8], and patients undergoing marrow trans- 
plants for hematologic diseases often have recur- 
rence of Aspergillus infections that have occurred 
during previous neutropenic episodes [9-11]. Many 
such patients have other compounding risks for this 
infection, including corticosteroid use, other immu- 
nosuppressive treatments, and graft-versus-host 
disease (GVHD) [1-7,9,12-19]. Prevention and 
treatment are made difficult by the ubiquitous dis- 
tribution of Aspergillus in the environment [20], 
difficulties with recognition and early clinical diag- 
nosis [9,10,16,17,21-23], and the side effects of in- 
tensive antifungal therapy once AspergiUus disease 
is established [24,25]. In the allogeneic marrow 
transplant setting, multiple antibiotic and immu- 
nosuppressive drugs are frequently necessary, and 
the potential for interactive renal and hepatic toxic- 
ity with these drugs may limit the ability to deliver 
effective antifungal therapy [24,25]. 

Attempts to alter the incidence and morbidity of 
invasive aspergiUosis have included rigorous pa- 
t ient surveillance testing for early diagnosis 
[9,10,16,17,21-23] and environmental air filtration 
[6,26-29] and patient isolation to decrease the risk 
of exposure to and colonization by this spore-borne 
pathogen. Despite the potential benefits suggested 
by some reports [6,10,23,27,29], the overall clinical 
impact of these approaches has been modest and 
mortality from aspergillosis remains significant in 
marrow transplant care. Another approach that has 
been shown to be of use for protection against such 
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TABLE I 
Pretransplant Patient Characteristics 

Group 1 Group 2 Group 3 

Number of patients 28 48 110 
Sex (M/F) 12/16 30/18 64/46 
Median age (range) 31.7 (15.9-47.5) 36.6 (17.9-55.3) 36.2 (14.6-57.7) p = NS 
Medical status *T 

0 21 (75%) 33 (69%) 90 (81%) 1 
1 4 (14%) 12 (25%) 14 (13%) ] 2 1 (4%) 3 (6%) 3 (3%) P = NS 
3 2 (7%) 0 (0%) 3 (3%) 

Disease stage* 
Early 7 (25%) 16 (33%) 35 (32%) | 
Intermediate 14 (50%) 13 (27%) 46 (42%) / P = NS 
Advanced 7 (25%) 19 (40%) 29 (26%) 

*Ranked by clinical risk profile for aspergiUosis as follows: 0 = no prior episodes of granulocytopenia or fever; 1 = prior episodes of gronuiocytopenia or fever; 2 = prior episodes of both granulocytopenia and 
fever; 3 = features of 2 and clinically suspected or documented pre-BMT evidence of invasive aspargillosis. 
tValues are numbers, with percent of total in parentheses. 
t Diseases staged as follows: "Early" = acute leukemia or lymphoma in first complete remission or chronic myelogenous leukemia (CML) in first chronic phase (CP); "Intermediate" = acute leukemia or 
lymphoma in early first relapse or second or third complete remission, uncomplicated marrow failure (severe aplastic anemia plus royelodysplasia) without prior febdle episodes, and CML in accelerated 
phase or second CP, "Advanced" = acute leukemia, lymphoma, or other neoplasia in advanced relapse or refractory disease status, CML in blast crisis, and marrow failure complicated by extended-duration 
cytopenias and/or febrile episodes. 

fungal problems as oropharyngeal and systemic 
candidiasis has been chemoprophylaxis [30-34]. 
However, a role for prophylactic antifungal therapy 
in the prevention of invasive aspergillosis in marrow 
t r a n s p l a n t a t i o n  has no t  been  p r e v i o u s l y  
demonstrated. 

In this study, we report our experience with a 
trial of low-dose intravenous amphotericin B for 
prophylaxis against invasive aspergillosis. The inci- 
dence, morbidity, and case-fatality of invasive as- 
pergiUosis in this trial group were analyzed in com- 
parison with two historic cohorts, the first cohort 
nursed in a general oncology "clean room" environ- 
ment, and the second managed with more rigorous 
high-efficiency particulate air (HEPA) and laminar 
airflow (LAF) patient isolation measures. Our re- 
sults  suggest that amphotericin B chemoprophylax- 
is can significantly reduce the incidence and mor- 
t a l i t y  of invas ive  asperg i l los i s  in p a t i e n t s  
undergoing allogeneic marrow transplantation. 

PATIENTS AND METHODS 

Patient Population and Study Group Cohorts 
The subjects of this analysis were 186 consecutive 

patients who underwent allogeneic bone marrow 
transplantation (BMT) on the Adult Marrow 
Transplant Unit of the Medical College of Wiscon- 
sin between July 1, 1985, and September 30, 1990. 
Informed consent for transplantation was obtained 
and treatments were administered under protocols 
approved by appropriate institutional review com- 
mittees on human investigations. Patients under- 
went transplantation for acute lymphoblastic leu- 
kemia (14), acute nonlymphoblastic leukemia (44), 
chronic myelogenous leukemia (82), non-Hodgkin's 
lymphoma (17), Hodgkin's disease (seven), aplastic 

Group I Group 2 Group 3 

(n-28) (n-48) (ff-110) 

Enxoiric Amphotedcln for Empldc Amphoterkdn for Empiric Amphoterlcin for 
suspected lunged infectio#l suspected lunged infec~on suspend fungaJ klfecB)n 

+ + 
General Ontology Unit BMT Ur~ wflh LAJ = bo4a~w:xl BMT UnR wl~ LAF 

and stepdown HEPA rooms and ~ HEPA roamll 
+ 

ProW~m~c Am~m, tarWSn 

F i g u r e  1. T r e a t m e n t  schema  for  asperg i l l os is  p r o p h y l a x i s  
groups. Patients in all groups received prophy lact ic  and em- 
pir ic ant ibacter ia ls ,  topical  and oral nonabsorbab le  anti-Can- 
dida p r o p h y l a x i s ,  p r o p h y l a c t i c  and t h e r a p e u t i c  an t i v i r a l  
agents, and anti-Pneumocystis measures, as detai led in Pa- 
t ients and Methods. 

anemia (nine), malignant myelodysplastic (eight) 
and myeloproliferative diseases (two), malignant 
medulloblastoma (one), multiple myeloma (one), 
and chronic lymphocytic leukemia (one). Neither 
the pretransplant disease stage nor patient medical 
status as related to known aspergillosis risk factors 
differed significantly for patients in the three co- 
horts (Table I). 

As shown in Figure I, three successive treatment 
cohorts were analyzed according to the differing 
control measures employed against invasive asper- 
gillosis. Cohort 1 patients were hospitalized on a 
general oncology ward. Although three HEPA air 
filtration rooms were available for brief patient iso- 
lations, the majority of patients in this cohort were 
managed without benefit of specialized air filtra- 
tion in single-bed hospital rooms. Cohort 2 patients 
were hospitalized in a newly constructed BMT unit 
in LAF isolation rooms from the beginning of pre- 
transplant conditioning. These patients generally 
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completed their entire hospital stays within the 
LAF rooms, although some individuals who re- 
quired extended hospitalization were moved to 
HEPA-filtered isolation rooms within the BMT 
unit after resolution of severe neutropenia (i.e., 
when the absolute neutrophil count was greater 
than 1,000/ram3). When transportation from the 
LAF rooms to non-air-filtered areas of the hospital 
was required, patients used a small-particle face- 
mask filter (3M no. 8710, 3M Company, St. Paul, 
Minnesota). The continued technical performance 
of the room air filtration systems was ensured by 
periodic surveillance testing, including volumetric 
air sampling for quantitative fungal and bacterial 
colonies and particle count calibration of the LAF 
filters, LAF rooms, anterooms, bathrooms, HEPA 
isolation rooms, and common corridor and support 
areas of the transplant ward. Cohort 3 accrual be- 
gan after an interim case-control study [35] showed 
a continued high incidence of aspergillosis despite 
LAF isolation. Phased implementation of prophy- 
lactic amphotericin B began with patients consid- 
ered to be at high risk of aspergillosis. After prelimi- 
nary toxicity evaluations revealed no significant 
adverse effects of prophylactic amphotericin, this 
chemoprophylaxis was applied to all adult BMT 
patients. Accrual to Cohort 3 was terminated in 
September 1990. Aspergillosis incidence and other 
outcomes for the three cohorts were analyzed in 
February 1991. 

Donor/Recipient Matching, Pretransplant Chemora- 
diotherapy, GVHD Prophylaxis and Therapy, and Oth- 
er Standardized Supportive Care 

Patients considered to be candidates for alloge- 
neic transplantation underwent family HLA geno- 
typing by standard microcytotoxicity testing and 
mixed leukocyte culture. If a genotypically HLA- 
identical sibling was not identified, extended family 
HLA testing and/or unrelated donor searches were 
performed, following approaches described else- 
where [36]. 

Consistent disease-specific chemoradiotherapy 
preparative regimens and related GVHD prophy- 
laxis and therapy protocols were used throughout 
the 68-month period of the study. Patients who un- 
derwent transplantation for hematologic neoplasia 
received, when possible, a standardized condition- 
ing regimen of intensive chemoradiotherapy (in- 
cluding high-dose cytarabine, high-dose intrave- 
nous cyclophosphamide, 1,400 cGy fractionated 
total body irradiation [TBI], and intravenous meth- 
ylprednisolone) in preparation for T-cell (CD3)-de- 
pleted BMT in combination with cyclosporine for 
GVHD prophylaxis [36-39]. For patients unable to 
receive the TBI-based preparative regimen, chemo- 
therapy-based myeloablation [40,41] was adminis- 

tered, followed by T-replete marrow transplants 
with cyclosporine plus corticosteroids [40] or cyclo- 
sporine plus methotrexate [42] as GVHD prophy- 
laxis. For patients with severe aplastic anemia who 
received transplants from HLA-identical siblings, 
cyclophosphamide 50 mg/kg/day for 4 days and 720 
cGy of total lymphoid irradiation were utilized, 
with T-cell-replete transplants and post-BMT im- 
munosuppression for GVHD prophylaxis. For pa- 
tients with aplastic anemia who received alterna- 
tive donor transplants, the intensive preparative 
treatment also utilized for neoplasia patients was 
employed, followed by T-cell-depleted transplanta- 
tion [36]. As shown in Table II, neither the propor- 
tion of patients receiving alternative donor allo- 
grafts nor the percentage of patients receiving 
T-depleted as compared with T-cell-replete mar- 
row transplants differed significantly among the 
study cohorts. 

Therapy for GVHD was begun after biopsy con- 
firmation and standardized clinical grading [36]. 
Minimal skin GVHD was treated with topical corti- 
costeroids, while more severe GVHD was treated 
with prednisone or intravenous methylpredniso- 
lone, starting with 1 to 2 mg/kg/day combined with 
cyclosporine. Neither the incidence nor severity of 
acute GVHD nor the overall incidence of chronic 
GVHD varied significantly among the three study 
cohorts (Table II). 

Prophylactic oral nonabsorbable antibiotics in- 
cluded chlorhexidine oral rinses and either nystatin 
"swish and swallow" or clotrimazole lozenges [37]. 
Oral trimethoprim-sulfamethoxazole or aerosolized 
pentamidine was used as prophylaxis against Pneu- 
mocystis carinii [36]. Broad-spectrum antibacterial 
therapy with an aminoglycoside and a ~-lactam an- 
tibiotic was begun empirically for febrile episodes 
[36], and intravenous vancomycin was added for 
persistent fever or positive blood cultures for gram- 
positive organisms. Irradiated red cells and plate- 
lets were transfused as needed [36]. All patients 
received acyclovir prophylaxis for herpes virus in- 
fections, and patients seronegative for cytomegalo- 
virus (CMV) received blood from CMV-negative 
donors [36,43]. Intravenous immunoglobulin was 
administered prophylactically for at least the first 
120 days, or longer for patients with persistent hy- 
pogammaglobulinemia or significant chronic 
GVHD. Beginning in early 1986, serious CMV in- 
fections were treated with ganciclovir in combina- 
tion with intravenous immunoglobulin, according 
to a regimen reported elsewhere [44]. 

Prophylaxis and Therapy for Invasive Aspergillosis 
Amphotericin B chemoprophylaxis, adminis- 

tered to patients in Cohort 3, consisted of 20 mg 
intravenously (0.15 to 0.25 mg/kg/day) from the 
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TABLE II 
Patient Treatment Variables: Donor/Recipient Matching and GVHD Prophylaxis and Outcomes 

Group 1 Group 2 Group 3 

Total patients 28 48 ] 10 

Donor type } 
Genotypically HLA-identical sibling 17 (61%) 20 (42%) 67 (61%) 
Related, partially HLA-matched 9 (32%) 13 (27%) 11 (10%) p = NS* 
Unrelated, closely HLA-matched 2 (7%) 15 (3]%) 32 (29%) 

GVHD prophylaxis } 
T-cell (CD3) depletion 26 (93%) 44 (92%) 97 (88%) 
Non-T-depleted p = NS 
(CSA + MTX or pred) 2 (7%) 4 (8%) 13 (12%) 

GVHD occurrence 
Acute 

0 7 (25%) 4 (8%) 17 (15%) 
I 10 (36%) 21 (44%) 47 (43%) 
II 7 (25%) 11 (23%) 30 (27%) 
III 1 (4%) 7 (15%) 5 (5%) 
IV 0 (0%) I (2%) 4 (4%) 
N/E 3 (10%) 5 (10%) 7 (6%) 

Chronic 
0 5 (18%) 5 (10%) 30 (27%) 
L 9 (32%) 19 (40%) 44 (40%) 
E 1 (4%) 11 (23%) 11 (10%) 
N/E 13 (46%) 13 (27%) 25 (23%) 

p= NS 

p =  NS, 
p = 0.04 t 

CSA = cyclosporine A; MTX = rnethotrexate; pred = prednisone; N/E = not eveluable; 0 = nene; L = iirnited; E = extensive. 
*There was no statistical difference in the percentage of genotypically HLA-identicat sibling donors as compared with alternative donors (i.e., unrelated and partially HLA-rnatched relatives) in the three 
cohorts. There was, however, a declining relative percentage of partially H LA-matched related donors and an increasing percentage of closely H LA-matched unrelated donors in the "alternative donor" group 
over the time studied (p = 0.03). 
~There was no statistical difference in the overall incidence of chronic GVHD between the three cohorts. However, a modest increase (p = 0.04) was observed in the percentage of patients with extensive 
chronic GVHD in Cohorts 2 and 3 as compared with Cohort 1. 

first day of pretransplant conditioning chemothera- 
py or chemoradiotherapy until the day before 
transplantation. The amphotericin dose was re- 
duced to 20 mg every other day on the day of trans- 
plant, omitting amphotericin on the first day of 
cyclosporine administration. Amphotericin doses 
were decreased for suspected renal or hepatic toxic- 
ities, as defined, respectively, by an increase in se- 
rum creatinine 50°70 above baseline levels or a single 
creatinine value greater than 1.5 mg/dL, or signifi- 
cant elevations in transaminases (greater than four 
times normal) or bilirubin (2 mg/dL or greater). 
With persistently elevated or rising renal or hepatic 
function test values, amphotericin was omitted un- 
til the abnormal functions returned below these 
dosing thresholds. For all patients without fluid 
overload, amphotericin B administration was pre- 
ceded by infusions of at least 500 mL of normal or 
half-normal saline. Prophylactic amphotericin B 
t reatment  was continued throughout the post- 
transplant period until the absolute neutrophil 
count was greater than or equal to 1,O00/mm 3, un- 
less the treatment was terminated earlier because of 
suspected toxicities. 

Patients in all three cohorts throughout the study 
were treated, by protocol, with therapeutic-dose 
amphotericin when clinically indicated. Such ther- 
apeutic amphotericin was started empirically for 
suspected fungal infection suggested by clinical 

signs and symptoms, including persistent unex- 
plained fever after initiation of adequate broad- 
spectrum antibacterial therapy, beginning with 
doses of 0.3 to 0.5 mg/kg/day and increased to 1 
mg/kg/day as determined by clinical circumstances. 
A presumptive clinical diagnosis of aspergiUosis 
was considered supported by positive AspergiUus 
antigen assays or identification of Aspergillus in 
tissue biopsy specimens or body fluid cultures. 

Clinical Outcome Evaluations and Statistical Methods 
For the purposes of this retrospective analysis, 

invasive aspergillosis was defined only by antemor- 
tern or postmortem tissue biopsies following review 
of all medical records and autopsy files for the 186 
patients. Evaluation of potential renal and hepatic 
toxicities of prophylactic amphotericin B was done 
by chart reviews limited to the transplant hospital- 
ization and the first 120 post-transplant days. Base- 
line and maximum serum creatinine levels, as well 
as maximum total bilirubin, were utilized as pri- 
mary indicators of renal and hepatic dysfunction, 
according to the definitions of Zager et al [25]. 

The actuarial rates of invasive aspergillosis in the 
three study cohorts were calculated by the Kaplan- 
Meier product limit method [45], censoring patients 
from analysis at the time of neoplastic disease re- 
lapse or death. The Mantel-Cox statistic [46,47] was 
used to compare differences between groups. Day 
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Figure 2. Incidence of invasive aspergillosis according to pro- 
phylaxis group. The curves show the cumulative probability 
and t ime of diagnosis of treatment-associated aspergillosis. 
Patients were censored from analysis at time of relapse or of 
death from transplant-related causes other than aspergillo- 
sis. There was no difference in the incidence of aspergillosis 
between Groups 1 and 2 (p ffi 0.95). The incidence of asper- 
gillosis in Group 3 (amphotericin B chemoprophylaxis) was 
statistically different from that in Groups 1 and 2 (no chemo- 
prophylaxis) by global test of significance (p for trend ffi 0.01) 
and by pairwise comparison (p ffi 0.003). 

120 cause-specific and overall mortality evaluations 
and comparisons of potential differences in the dis- 
tribution of patient and treatment variables for the 
groups were performed by appropriate actuarial or 
chi-square statistics using two-tailed tests for al] 
determinations. To examine potential confounding 
influences from differing patient or treatment char- 
acteristics on the observed aspergiUosis rates in 
three patient cohorts, first univariate and then mul- 
tivariate analyses were done. A Cox proportional 
hazards regression analysis [47] for aspergillosis 
risk was performed in which potentially relevant 

variables were considered successively in nonad- 
justed and covariate-adjusted relative risk models 
by a forward elimination procedure. 

RESULTS 
Actuarial Incidence of Aspergillosis: Effect of 
P r o p h y l a x i s  

As shown in Figure  2, the cumulative incidence 
of invasive aspergillosis by 120 days was 24.7 ± 8.9% 
in Group 1, 23.2 :E 5.9% in Group 2, and 8.9 4- 2.7% in 
Group 3. There was no significant difference in the 
incidence of aspergillosis for patients treated in the 
general oncology ward setting (Group 1) and pa- 
tients nursed in the BMT unit with LAF isolation 
and stepdown HEPA rooms (Group 2) (p = 0.95). 
Patients who received amphotericin B chemopro- 
phylaxis (Group 3) had a significantly lower inci- 
dence of aspergillosis than those who did not re- 
ceive chemoprophylaxis (p = 0.003). The incidence 
of aspergillosis continued to be significantly lower 
in Group 3 (prophylactic amphotericin B) than in 
Groups I and 2 when evaluation was extended to 1 
and 2 years of follow-up (data not shown). 

Renal and Hepatic Toxicity and Concurrent Drug 
Exposures 

Data regarding renal and hepatic toxicity and po- 
tentially nephrotoxic and hepatotoxic drug expo- 
sures are shown in Table III. There was no signifi- 
cant difference between the groups in the incidence 
of renal insufficiency (defined by a twofold or great- 
er increase in serum creatinine from the pretrans- 
plant baseline level) or renal failure requiring dialy- 
sis. Group 3 had  s ign i f ican t ly  less hepa t i c  
dysfunction, as defined by highest total bilirubin 
occurring during the immediate post-transplant 
hospitalization (p <0.001). There was no significant 
difference between the groups in exposure to ami- 

TABLE III 

Peritransplant Renal and Hepatic Dysfunction and Concurrent Drug Exposures 

Group 1 Group 2 Group 3 

Number of patients 28 48 110" 
Changes in renal function 

<2 x baseline serum creatinine 10 (36%) 10 (21%) 35 (24%) p = NS 
>2 x baseline serum creatinine without dialysis 13 (46%) 30 (62%) 64 (58%) p = NS 
>-2 x baseline serum creatininewith dialysis 5 (18%) 8 (16%) 11 (10%) p = NS 

Totalbilirubin >2.0 mg/dL 18 (64%) 25 (52%) 32 (29%) p < 0,001 
Aminoglycoside 28 (100%) 48 (100%) 107 (97%) p = NS 
Vancomycin 14 (50%) 36 (75%) 104(94%) p < 0,001 
Cyclosporine A 27 (96%) 48 (100%) 108 (98%) p = NS 
Amphotericin B 

Total patients treatecl 15 (54%) 41 (85%) 109*(>99%) p < 0,001 
Mean total dose(mg)/patient treated (range)~ 514 _+ 157(25-2,186) 908 -+ 110(56-2,430) 701 -+ 65(21-6,400) p = NS 
Patients treated with >_0.7 mg/kg/dayt 7 (25%) 18 (37.5%) 27 (24.5%) p = NS 
Patients requiring amphotericin B dose reductions 12/15 (80%) 37/41 (90%) 36/109 (82%) p = NS 

*One patient assigned to this group died on the second day of pre-BMT conditioning without receiving amphotericin, 
tMean _+ standard error. 
tTherapeutic-dose amphotericin B for clinically suspected or documented invasive fungal disease. 
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noglycosides or cyclosporine. Group 3 patients had 
significantly more exposure to vancomycin than did 
patients in Groups I and 2 (p <0.001). Although the 
percentage of patients receiving amphotericin was 
different for the three groups (p <0.001), the mean 
dose of amphotericin per patient treated was not 
different. Similarly, the percentage of patients who 
received therapeutic-dose amphotericin B (defined 
as greater than or equal to 0.7 mg/kg/day) for clini- 
cal indications suggestive of invasive fungal disease 
was not different for the three cohorts. 

Cause-Specific Mortality Evaluation 
In order to assess the impact, if any, of the asper- 

gillosis prophylaxis measures on survival, cause- 
specific mortality was evaluated for the three 
groups at 120 days (Table IV). There was a signifi- 
cant overall decline in transplant-associated (i.e., 
nonrelapse) mortality over time, with Group 3 hav- 
ing the lowest transplant-related deaths (p = 
0.003). AspergiUus-associated mortality was signif- 
icantly less in Group 3 as compared with Groups 1 
and 2 (p = 0.03). Also noted was a significant de- 
cline in CMV-related mortality in Group 3 as com- 
pared with the two earlier cohorts (p <0.001). There 
were no differences between the groups in deaths 
due to neoplastic disease relapse, graft failure, 
acute GVHD, fatal conditioning regimen-associ- 
ated toxicities (e.g., veno-occlusive liver disease and 
acute cardiop-lmonary failure), idiopathic intersti- 
tial pneumonitis, or septic events not associated 
with aspergillosis (Table IV). 

Univariate and Multivariate Analyses of Aspergillosis 
Risk and Potential Confounding Variables 

As noted above, univariate analyses showed no 
significant differences between the groups with re- 
spect to patient age, sex, medical status at time of 
transplant, or stage of disease (Table I). There were 
no significant differences between the groups in the 
percentage of transplants from HLA-identical sib- 
ling donors versus alternative donors (i.e., nongeno- 

TABLE IV 

Day 120 Mortality 

Group I Group 2 Group 3 

Total patients 28 48 110 

Day 120 mortality-- 
all causes 13 (46.4%) 17 (35.4%) 22 (20%) p = 0.003 

Neoplastic disease relapse 0 (0%) 1 (2.1%) 2 (1.8%) p = NS 

Nonrelapse causes 
Aspergillus-associated 

mortality* 5 (17.8%) 6 (12.5%) 6 (5.5%) p = 0.03 
Aspergillus alone 3 3 1 
Aspergillus and graft 

dysfunction 1 1 2 
Aspergillus and 

cytomegalovirus 
(CMV) 0 1 0 

Aspergillus and 
non-CMV IP 0 1 I 

Aspergillus and 
acute GVHD 1 0 2 

Cytomegalovirusf 4 (14.3%) 1 (2.1%) 1 (0.9%) p = 0.001 
Graft failure, not 

Aspergillus- 
associated t 0 (0%) 1 (2.1%) 1 (0.9%) P D __= NS 

Acute GVHD t 0 (0%) 1 (2.1%) 1 (0.9%) NS 
Non-CMVIP* I (3.6%) 2 (4.]%) 2 (1.8%) p = NS 
Conditioning** 2 (7,1%) 4 (8.3%) 7 (6.4%) p = NS 
Sepsis, not 

Aspergillus- 
associated t 1 (3.6%) 1 (2.1%) 2 (1.8%) p = NS 

IP = interstitial pneumonitis, 
*Referenced numbers refer to all cases of transplant-related (i.e,, nonrelapse) mortality in which 
Aspergillus was identified as a primary or contributing case of death. 
tReferenced numbers refer to deaths primarily attributed to the cause noted, in which no evidence of 
aspergillosis was seen. 
tConditioning = death associated with acute toxicity of preparative regimen (e.g., veno-occlusive 
liver disease or acute cardiopulmonary failure). 

typically HLA-identical donors), and no significant 
differences in the incidence or severity of acute 
GVHD or in the incidence of chronic GVHD over 
time (Table II). 

Multivariate analysis using a Cox proportional 
hazards model was employed to evaluate the impact 
and interactions of disease stage, pretransplant 
medical status, incidence and severity of GVHD, 
patient age, and use of LAF filtration and prophy- 
lactic amphotericin on the risks of invasive aspergil- 
losis (Table V). A nonadjusted model identified 

TABLE V 

Factors Explored in Multivariate Analysis of Invasive Aspergillus Risk in BMT Patients 

Nonadjusted Adjusted* 
RR CI p Value RR CI p Value 

Medical status (low [0] versus high [1,2,3]) t 7.83 
Disease stage (early-intermediate versus advanced)f 3.14 
Acute GVHD (0-1 versus II-IV)f 3.61 
Chrqnic GVHD (0 versus L-E)T 0.54 
Age ~ 0.99 
Laminar air filtration t 0.51 
Prophylactic amphotericin B t 0.33 

3.88-16.64 <0.001 7.15 3.35-15.31 <0.001 
1.49-6.59 0.003 NS 
1.53-8.50 0.004 NS 
0.13-2.26 0.40 NS 
0.24-4.17 0.06 NS 
0.21-1.26 0.15 NS 
0.15-0.72 0.006 0.39 0.18-0.86 <0.020 

RR = relative risk; CI = confidence interval. 
*Adjusted for other significant predic~rs of aspergillosis risk in multivariate model (i.e,, inclusion of variable in adjusted model improved fit [p < 0.05] in successive elimination procedure). 
tAnalyzed as dichotomous vadables, combining risk strata as indicated. 
tknalyzed as continuous variable. 
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increased risks of aspergillosis in patients with such 
pretransplant medical factors as previous episodes 
of prolonged granulocytopenia (relative risk [RR] = 
7.83, confidence interval [CI] = 3.88 to 16.64, p 
<0.001) and advanced disease stage (RR = 3.14, CI 
= 1.49 to 6.59, p = 0.003) and in patients with 
grades II to IV acute GVHD (RR -- 3.61, CI -- 1.53 
to 8.50, p = 0.004), and a decreased aspergillosis 
risk in patients receiving prophylactic amphoteri- 
cin B (RR -- 0.33, CI = 0.15 to 0.72, p -- 0.006). 
When the regression model was adjusted for other 
significant predictors of aspergillosis, only pre- 
transplant medical status (RR -- 7.16, CI = 3.35 to 
15.31, p <0.001) and use of prophylactic amphoteri- 
cin (RR = 0.39, CI -- 0.18 to 0.86, p -- 0.020) re- 
mained as variables with significant impact in the 
model. The apparent protective effect of prophy- 
lactic amphotericin was not attributable to poten- 
tially confounding influences of differing patient or 
treatment variables among the three study groups. 

C O M M E N T S  

The results of this study suggest that the risks of 
invasive aspergillosis in patients undergoing alloge- 
neic BMT can be reduced by prophylactic adminis- 
tration of low-dose amphotericin B during the pre- 
transplant and peritransplant course. In this study 
of patients managed by a single transplant team 
utilizing consistent disease-specific chemoirradia- 
tion and GVHD protocols during the study period, 
there was a significant background incidence of As- 
pergillus-associated illness. The incidence of asper- 
gillosis was not apparently reduced by employment 
of patient isolation measures in an LAF and HEPA- 
filtered BMT ward. In contrast, with amphotericin 
B chemoprophylaxis, both the incidence (from 24.7 
Jr 8.9% and 23.2 ~- 5.9% in Groups 1 and 2 to 8.9 ± 
2.7% in Group 3, p = 0.003) and mortality (17.8% 
and 12.5% in Groups 1 and 2 compared with 5.5% in 
Group 3, p = 0.03) of invasive aspergillosis were 
significantly lower. In univariate and multivariate 
analyses, this apparent protective effect of ampho- 
tericin prophylaxis could not be attributed to dif- 
ferences in patient characteristics, treatment vari- 
ables, or other factors potentially different between 
the chemoprophylaxis group and other study co- 
horts. This demonstration of a benefit of amphoter- 
icin B prophylaxis is, to our knowledge, the first 
documenta t ion of successful chemoprotect ion 
against invasive aspergillosis in BMT, a finding 
supported by an independently performed study, 
recently reported in preliminary form, from the 
City of Hope marrow transplant group [48]. 

Several investigations have documented the im- 
portance of both quantitatively and qualitatively 
normal neutrophil and macrophage function for 

maintenance of effective host defense against inva- 
sive Aspergillus infection [49-53]. In allogeneic 
BMT patients, these protective immune responses 
are often impaired for a prolonged period by severe 
neutropenia [8,15,32] and GVHD [54], and by im- 
munosuppressive drugs [12,54,55] and other means 
of GVHD prophylaxis [13]. Given these factors, the 
treatment of established Aspergillus infection, 
even when begun relatively early in the course of 
infection, is recognized to be especially problematic 
in allogeneic BMT patients, with both increased 
toxicities [24,25] and poor overall responses [1-7] as 
compared with treatment of Aspergillus infection 
in other patients with hematologic disease [10]. We 
hypothesized that a potentially critical effect of 
prophylactic (i.e., pretransplant and peritrans- 
plant) amphotericin administration might be the 
provision of antifungal drug at a time when greater 
residual immunocompetence was present. If ade- 
quate antifungal drug therapy could be delivered at 
a time when potentially fungicidal immune defense 
was still active, a greater aggregate effect against 
aspergillosis might be achieved than that seen with 
post-transplant treatment of established Aspergil- 
lus infection. 

The prophylactic amphotericin schedule em- 
ployed in this study was apparently not associated 
with an increased incidence of renal or hepatic dys- 
function as compared with that in our historic co- 
horts of BMT patients treated prior to the institu- 
tion of this regimen. Avoidance of increased toxicity 
may have been due to careful daily monitoring of 
renal and hepatic functions and institution of 
prompt dose reductions or drug interruptions when 
signs of amphotericin or interactive drug toxicity 
were suspected. The apparent lack of toxicity of 
this amphotericin B schedule was notable in that 
the exposure to other potentially toxic drugs was 
not less for the prophylaxis group than for the his- 
toric cohorts. Indeed, the exposure to one potential- 
ly toxic drug, vancomycin, was greatest in the pro- 
phylactic amphotericin B group. 

The findings of this pilot study may be consid- 
ered as less persuasive than those that might have 
been derived from a prospective randomized con- 
trol study, given the potential for confounding fac- 
tors when evaluating results against historic con- 
trols. In order to avoid potential bias in case 
ascertainment over time, this analysis considered 
invasive aspergillosis to be defined only by histolog- 
ic criteria. Moreover, statistical analyses did not 
identify factors other than prophylactic amphoteri- 
cin B that could explain the observed differences in 
aspergillosis. Of possible interest in this regard was 
the finding that CMV-associated mortality also de- 
clined during the study, an occurrence most likely 
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related to the institution of effective antiviral ther- 
apy with ganciclovir (DHPG) beginning in 1986 
[44,56,57]. Better treatment for this viral pathogen 
might have been associated with protection of some 
patients against aspergillosis, since active CMV in- 
fection is known to be immunosuppressive. How- 
ever, the temporal institution of ganciclovir therapy 
in our unit occurred during the period of Group 1 
cohort accrual, and was available to all patients in 
Groups 2 and 3. Since the decline in the incidence 
and case fatality of aspergillosis was only seen in 
Group 3, it is unlikely that the reduction in aspergil- 
losi8 incidence was causally related to the changing 
CMV-related morbidity over time. 

The reasons for the relative ineffectiveness of 
LAF filtration for protection against invasive As- 
pergillus in this analysis as compared with some 
other reports [6,27,29] are not clear. This might be 
partially explained by the presence, in each of our 
cohorts, of many patients with advanced hemato- 
logic disease whose extensive prior treatments may 
have led to colonization with Aspergillus or partial- 
ly treated Aspergillus infections prior to arrival on 
the transplant ward. Alternatively, patients may 
have been exposed to Aspergillus during necessary 
transportation to other non-air-filtered areas of the 
hospital during the transplant hospitalization. In 
this regard, there was continuing hospital construc- 
tion activity, a factor known to be associated with 
increased risks of aspergillosis [26-28], in several 
areas of the medical complex for the entire study 
period, and a continuing incidence of invasive as- 
pergillosis (not significantly different during the 
three periods of the study) in other non-BMT pa- 
tient groups throughout the study period. The con- 
t inued technical effectiveness, throughout  the 
study period, of the LAF and HEPA filtration sys- 
tems in the BMT isolation rooms was ascertained 
by periodic monitoring of particulate counts, volu- 
metric air cultures, and other measures. 

Other potentially useful approaches to early de- 
tection, prevention, and treatment of aspergillosis 
have been suggested. We and others have reported 
the use of more sensitive assays for cellular prod- 
ucts of Aspergillus as an adjunct to early detection 
of invasive aspergillosis [22,23]. However, in most 
studies reported to date, the identification of intra- 
cellular or cell wall products of Aspergillus in serum 
or body fluids has primarily facilitated the detec- 
tion of lower burdens of invasive disease [22,23]. 
The efficacy of antifungal treatments begun at 
these still relatively late stages of infection may be 
less than that of genuine chemoprophylaxis. Sever- 
al reports do suggest that LAF or HEPA filtration 
can protect against excess risks of aspergillosis as- 
sociated with special circumstances like hospital 

construction [6,27,29], and a large body of data sup- 
ports a role for primary protection with appropriate 
air filtration measures [6,26-29]. Other develop- 
ments, such as use of liposome-encapsulated am- 
photericin [58,59], may reduce some side effects of 
antifungal therapy. Putat ive renal-protective 
agents, such as pentoxifylline, may be used to modi- 
fy primary and interactive toxicities associated with 
amphotericin [60]. New triazole drugs, such as itra- 
conazole, with improved activity against Aspergil- 
lus may benefit some patients [61]. Finally, employ- 
ment  of hematopoietic cytokines (granulocyte 
colony-stimulating factor [G-CSF], granulocyte- 
macrophage colony-stimulating factor [GM-CSF], 
monocyte colony-stimulating factor [Mo-CSF], and 
interleukin-3 [IL-3]) to accelerate recovery of gran- 
ulocyte and macrophage function may further re- 
duce the risk of fungal disease in recovering BMT 
recipients and during nontransplant induction 
treatments. Additional studies and randomized 
control trials will be needed to evaluate the relative 
roles of these approaches and of chemoprophylaxis 
with amphotericin in further reducing the morbid- 
ity of invasive aspergillosis in these patients. 
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