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Summary
Background Infections are the main reason for mortality during acute leukaemia treatment and invasive aspergillosis
(IA) is a major concern. Allogeneic stem cell transplantation (alloSCT) is a standard therapy and often is the only live-
saving procedure in leukaemia patients. The profound immunodeficiency occurring after alloSCT led to high IA-
associated mortality in the past. Therefore, patients with IA were historically considered transplant-ineligible.
Recently, there has been improvement of anti-fungal management including novel anti-fungal agents. As a result,
more leukaemia patients with IA are undergoing alloSCT. Outcome has not been prospectively assessed.

Methods We performed a prospective study in acute leukaemia patients undergoing alloSCT to analyse the impact of
a prior history of probable or proven IA (pre-SCT IA). The primary endpoint was 1-year non-relapse mortality (NRM).
Relapse free survival and overall survival were analysed as secondary endpoints.

Findings 1439 patients were included between 2016 and 2021. The incidence of probable or proven pre-SCT IA was 6.0%
(n = 87). The cumulative incidence of 1-year NRM was 17.3% (95% CI 10.2–26.0) and 11.2% (9.6–13.0) for patients with
and without pre-SCT IA. In multivariate analyses the hazard ratio (HR) for 1-year NRM was 2.1 (1.2–3.6; p = 0.009) for
patients with pre-SCT IA. One-year relapse-free survival was inferior in patients with pre-SCT IA (59.4% [48.3–68.9] vs.
70.4 [67.9–72.8]; multivariate HR 1.5 [1.1–2.1]; p = 0.02). Consequently, 1-year overall survival was lower in patients
with pre-SCT IA: (68.8% [57.8–77.4] vs. 79.0% [76.7–81.1]; multivariate HR 1.7 [1.1–2.5]; p = 0.01).

Interpretation Pre-SCT IA remains to be significantly associated with impaired alloSCT outcome. On the other hand,
more than two thirds of patients with pre-SCT IA were alive at one year after alloSCT. IA is not anymore an absolute
contraindication for alloSCT because the majority of patients with IA who undergo alloSCT benefit from this procedure.

Funding There was no external funding source for this study.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Invasive aspergillosis (IA) occurs frequently in patients with
acute leukaemia undergoing intensive treatments. Allogeneic
stem cell transplantation (alloSCT) is part of the treatment
regimen in many acute leukaemia patients. IA could
potentially influence outcome after alloSCT. To identify
previous publications, we searched PubMed with the terms
“aspergillosis”, “invasive”, “fungal infection”, “stem cell
transplantation”, “leukaemia”, “mortality” and “outcome” in
between Jan 1, 1980, and March 31st, 2023. This search
retrieved a number of studies with variable outcomes.
However, we could not identify a prospective study in a larger
patient population in the recent era addressing the question
on outcome of patients with IA undergoing alloSCT.

Added value of this study
This study provides the underlying clinical evidence for
decision making on alloSCT indications in patients with acute
leukaemia and IA. We found that 67% of patients with pre-
SCT IA and 79% of control patients were alive one year after
alloSCT. We show that IA remains to be a significant risk
factor. More importantly, we demonstrate that patients with
IA have a high chance of surviving alloSCT.

Implications of all the available evidence
The majority of leukaemia patients with IA who undergo
alloSCT benefit from this procedure. Therefore, IA should not
anymore be considered an absolute contraindication for
alloSCT. Nonetheless, in spite of the improving outcome of
IA, better prevention of pre-SCT IA is an important aspect of
improving SCT results. Improved management of allogeneic
SCT with pre-SCT IA is another area to investigate.
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Introduction
Allogeneic stem cell transplantation (alloSCT) is a
standard therapy for hematologic malignancies and it is
also used for treatment of a variety of non-malignant
diseases in children and adults. The number of per-
formed alloSCTs is constantly increasing with nearly
20.000 transplantations reported to the European Soci-
ety for Blood and Marrow Transplantation (EBMT) per
year.1 The main clinical challenge of alloSCT is its high
treatment-associated mortality (non-relapse mortality,
NRM).2 Due to the profound secondary immunodefi-
ciency that is associated with alloSCT, infectious com-
plications are a major contributor to alloSCT-associated
NRM.

Acute leukaemia is the main indication for alloSCT.3

Patients with acute leukaemia are initially treated with
intensive chemotherapy to induce a remission (induc-
tion therapy). Patients with a high risk for relapse sub-
sequently receive alloSCT as the only live saving
procedure in many cases. Almost all acute leukaemia
patients experience infectious complications during
remission induction therapy.4 One frequent and severe
infectious complication in this setting is invasive
aspergillosis (IA), which most commonly affects exclu-
sively the lungs, but can spread to the central nervous
system, soft tissues, intestines and other parts of the
body. Because of its high incidence during leukaemia
induction therapy and its long persistence in immuno-
compromised hosts, a considerable number of alloSCT
recipients have a history of IA.5

Historically, patients with IA were considered non-
eligible to receive alloSCT because of the very high
risk of IA progression and mortality. Over the years,
there has been improvement of anti-fungal manage-
ment including novel anti-fungal agents. As a result,
more leukaemia patients with IA are undergoing
alloSCT in modern times. Outcome has not been pro-
spectively assessed impeding evidence-based transplant
decisions. Previous studies have shown feasibility of
alloSCT in patients with history of IA,6–9 but had mixed
results regarding the impact of pre-existing IA (pre-SCT
IA) on clinical outcome of alloSCT,5,7,10–12 underlining
the need for a prospective evaluation of a larger patient
cohort.

In the present study, the Infectious Diseases and
Acute Leukaemia Working Parties of The European
Society for Blood and Marrow Transplantation (EBMT)
prospectively analysed the long-term outcome of pa-
tients with acute leukaemia undergoing alloSCT ac-
cording to the presence- or absence of pre-SCT IA.
Methods
This is a prospective multicentre analysis by the EBMT,
which is a voluntary working group of transplant centres
that are required to report regular follow up on all
consecutive stem cell transplantations. Audits are
www.thelancet.com Vol 67 January, 2024
routinely performed to determine the accuracy of the
data. The study was planned and approved by the In-
fectious Diseases Working Party of the EBMT. Centres
confirmed that all patients gave their written informed
consent to use their personal information for research
purposes. The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice
guidelines.

We asked EBMT centres performing alloSCTs if they
were willing to participate in this study by completing
data forms (Med-C, Supplementary data) with detailed
information on IA, therapy, response, and complica-
tions for each included alloSCT recipient. From the
centres who responded positively we asked data about all
patients receiving first alloSCT for acute leukaemia be-
tween 5/2016-3/2021.

Sample size and definition
Assuming a 12% incidence of non-relapse mortality
(NRM) in patients without proven or probable history of
IA,2 a total of 1380 fully documented cases of alloSCT
were sufficient in order to test the hypothesis that the
incidence of NRM in cohort 1 (alloSCTs with previous
history of proven or probable IA) is not higher than
cohort 2 (alloSCT without history of IA or with previous
history of possible IA) by more than a specified margin
of 10%. The estimated proportion of alloSCTs in cohort
1 is 5%, thus 69 and 1311 alloSCTs were needed in
cohort 1 and cohort 2, respectively, considering an
alpha = 0.05, a beta = 0.2. On top of this number, we
planned a drop out of 20% and we stopped the enrol-
ment once the planned number of cases was reached.
The final sample size of cases with a complete reported
data set included a total of 1439 patients: 87 with and
1352 without a previous history of IA. Definition of IA
into possible, probable or proven were used as proposed
by the European Organization for Research and Treat-
ment of Cancer/Invasive Fungal Infections Cooperative
Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG)
Consensus Group in 2008.

Statistical analysis
The primary endpoint was 1-year NRM, estimated using
the cumulative incidence method. The cause-specific
Cox regression model was used to adjust the results
for the main confounders: age, gender, underlying dis-
ease, status at SCT, time from diagnosis to SCT, time
from IA to alloSCT, donor type, source of SCT, donor
age, donor/recipient (D/R) gender match, D/R CMV
status, conditioning regimens, type of immunosup-
pression. The relapse free survival (RFS) and the overall
survival (OS) were analysed as secondary endpoints,
using Kaplan–Meier method and Cox regression model
for univariate and multivariate analysis using the main
confounders, respectively. The relapse incidence and the
incidence of acute and chronic graft-vs.-host disease
3
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(GVHD) were also estimated by the cumulative inci-
dence methods, with the risk factor analysis performed
by the cause-specific Cox regression model.

Non-relapse cause of death was considered as event of
interest for the NRM, whilst the relapse was considered
as competing events. Death due to any cause was
considered as an event for the OS; death due to any cause
and relapse were considered as events for the RFS.
Relapse, acute and chronic GVHD were considered as
event of interest for the cumulative incidence of relapse,
acute and chronic GVHD, respectively; whilst the death
was considered as a competing event. The proportional
hazards assumption of the Cox models was verified.

The analyses were performed by using the software
SAS v 9.4 and R. A p-value <0.05 was considered as
statistically significant.

Role of funding
No external support was received for this project.

Results
Patient characteristics
We sent a feasibility questionnaire to 366 EBMT centers
in July 2015 for participation in the study. A total of 70
Age at alloSCT Median (min—max)

Children <18 years old

Adults

Underlying malignancy

ALL

AML

Interval from leukaemia diagnosis to alloSCT (months) Median (min—max)

Acute leukaemia status before alloSCT

CR

Other

Donor type

HLA-identical sibling

Haplo

Unrelated donor

Stem cell source

Bone marrow

Peripheral blood

Cord blood

Conditioning regimen

Myeloablative

Reduced

Total body irradiation

No

Yes

In-vivo T-cell depletion (ATG or Campath)

No

Yes

Table 1: Patient characteristics.
centers were initially willing to participate and received
the start announcement in April 2016 including the
MEDC forms. Finally, thirty-six of 366 (9.8%) EBMT
centres from 17 countries actively participated by
providing detailed data in MED-C forms. We started
enrolment in 2016 and stopped in 2021 after the plan-
ned sample size was reached. We asked centers to
include all consecutive patients meeting the inclusion
criteria during the study period. However, due to the
extensive workload some of the centers terminated in-
clusion of patients prior to the end of study. The final
analysis was based on 1439 patients including 87 pa-
tients with pre-SCT probable/proven IA who underwent
first alloSCT. Patient characteristics are given in Table 1.
The majority were adult patients (69%) with acute
myeloid leukaemia (68%) in complete remission at time
of transplant (78%). Donors were mostly unrelated
(57%) and the stem cell source was peripheral blood in
the majority of cases (72%). The conditioning regimen
was myeloablative in 76% and did not contain total body
irradiation (69%) in most cases. In vivo T cell depletion
with anti-T—cell globulin (ATG, also termed anti-
thymocyte globulin) was performed in 49% of pa-
tients. Most patient characteristics were balanced in
IA before alloSCT Total (N = 1439) p Value

No (N = 1352) Yes (N = 87)

41.0 (0.4–75.8) 45.4 (1.7–68.0) 41.0 (0.4–75.8) 0.9

420 (31.1) 29 (33.3) 449 (31.2)

932 (68.9) 58 (66.7) 990 (68.8)

0.8

434 (32.1) 29 (33.3) 463 (32.2)

918 (67.9) 58 (66.7) 976 (67.8)

6.9 (0.3–267.8) 6.3 (2.2–165.3) 6.9 (0.3–267.8) 0.5

0.1

1052 (77.8) 74 (85.1) 1126 (78.2)

300 (22.2) 13 (14.9) 313 (21.8)

0.004

347 (25.7) 36 (41.4) 383 (26.6)

223 (16.5) 14 (16.1) 237 (16.5)

782 (57.8) 37 (42.5) 819 (56.9)

0.5

351 (26.0) 18 (20.7) 369 (25.6)

964 (71.3) 67 (77.0) 1031 (71.6)

37 (2.7) 2 (2.3) 39 (2.7)

0.051

1026 (75.9) 74 (85.1) 1100 (76.4)

326 (24.1) 13 (14.9) 339 (23.6)

0.6

935 (69.2) 58 (66.7) 993 (69.0)

417 (30.8) 29 (33.3) 446 (31.0)

0.5

682 (50.4) 47 (54.0) 729 (50.7)

670 (49.6) 40 (46.0) 710 (49.3)

www.thelancet.com Vol 67 January, 2024
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between the groups of patients with pre-SCT IA vs. no
pre-existing-IA. However, the pre-SCT IA group con-
tained significantly more HLA-identical sibling donors
(41% vs. 26%, p = 0.004).

Description of pre-SCT IA
The incidence of probable or proven IA prior to alloSCT
in our study population of acute leukaemia patients was
6.0% (87 cases of IA in 1439 alloSCT patients). A
description of IA characteristics is given in Table 2.
There were 11 proven (6 aspergillus fumigatus, 1
aspergillus flavus, 4 other aspergillus) and 76 probable
IA infections. In 47% the interval between diagnosis of
IA to alloSCT was <3 months and in 35% the interval
was ≥3 months to <6 months. Only 6% of patients had a
long interval between IA diagnosis and alloSCT of more
than one year.

Most patients had exclusively lung involvement of
the IA (86%) and 14% had other organs involved either
in addition to lung involvement (12%) or without diag-
nosed lung involvement (2%). In patients with a known
IA response to therapy before alloSCT, the response
status was complete (66%), partial (18%), stable (8%)
and progressive disease (8%).

The use of mould-active anti-fungal drugs after
HSCT is described in Table 3. Many patients after
alloSCT received Aspergillus active anti-fungal drugs
between the day of alloSCT and day+99 (65%) as well as
between day+100 and day +365 (45%). As expected,
more patients in the IA arm received anti-fungal drugs
Characteristics of IA N = 87

Interval between diagnosis of IA and alloSCT

Median: 99 days (9 days–4 years)

0–2.9 months 41 (47.1)

3–5.9 months 30 (34.5)

6–11.9 months 11 (12.6)

>1 year 5 (5.7)

Organ Involvement

Lung only 75 (86.2%)

Involvement of other sites ± lung involvement 12 (13.8%)

Intraabdominal + lung 4

Paranasal sinuses only 1

Paranasal sinuses + lung 2

CNS + lung 2

Skin and soft tissue + lung 2

Skin and soft tissue only 1

Remission status of the IA at time of alloSCT

Complete remission 41/62 (66.1%)

Partial remission 11/62 (17.7%)

Stable disease 5/62 (8.1%)

Progression 5/62 (8.1%)

Missing 25

Table 2: Characteristics of pre-existing IA.

www.thelancet.com Vol 67 January, 2024
vs. in the no-IA arm (until day +99 (88% vs. 63%); be-
tween day +100 and + 365 (66% vs. 44%). Posaconazole
(28% until day +99 and 22% between +100 and +365),
Voriconazole (23% until day +99 and 18% between +100
and +365) and liposomal Amphotericin B (20% until
day +99 and 11% between +100 and +365) were the
drugs most frequently administered.

Influence of IA on survival and relapse
The cumulative incidence of NRM at one year post
alloSCT was 17.3% (95% CI 10.2–26.0) in patients with
pre-existing probable/proven IA vs. 11.2% (95% CI
9.6–13.0) in patients without IA (Fig. 1A). In multivar-
iate analyses the hazard ratio for experiencing NRM was
2.1 (95% CI 1.2–3.6) (p = 0.009).

The incidence of relapse at one year was 23.2%
(14.9–32.7) in patients with pre-SCT IA vs. 18.3
(16.3–20.5) in patients without IA prior to alloSCT
(Fig. 1B). This difference was not statistically significant
after adjusting for confounders (HR 1.4 [0.9–2.1]),
(p = 0.19). Relapse free survival at one year was signif-
icantly inferior in alloSCT recipients with pre-SCT IA as
compared to alloSCT recipients without pre-SCT IA
(59.4% [95% CI 48.3–68.9] vs. 70.4% [95% CI 67.9–72.8]
(Fig. 1C); HR in multivariate analyses 1.5 [95% CI
1.1–2.1], p = 0.02). Consequently, 1-year overall survival
was lower in patients with pre-SCT IA: (68.8 [57.8–77.4]
vs. 79.0 [76.7–81.1]; Fig. 1D; multivariate HR 1.7
[1.1–2.5]; p = 0.01). Reasons of death are given in
Table 4. Of note, relapse of acute leukaemia was the
most frequent reason of death in both groups. Death
was infection related in 29.1% and 29.3% of patients
with and without pre-SCT IA, respectively.

Next, we investigated if the time interval between
diagnosis of IA and alloSCT influences alloSCT
outcome. The main clinical outcome parameters in
relation to the time intervals of IA are described in
Table 5. We found no significant differences in one-year
cumulative incidence on NRM between patients who
were diagnosed with IA shortly before alloSCT (0 to <3
months) as compared to ≥ 3 months. In addition, the IA
time interval was not associated to significant differ-
ences in the cumulative incidence of relapse. Interest-
ingly, we found that patients with IA shortly before
alloSCT (0–2.9 months) had a not statistically significant
tendency towards a lower progression-free survival of
58.4% [95% CI 41.9–71.8]) as compared to patients with
a longer time interval between IA and alloSCT of be-
tween 3 and 6 months with 59.1% [95% CI 39.3–74.4])
or to patients with IA longer than 6 months/no IA of
70.3% [95% CI 67.8–72.7]) (p = 0.08). This resulted in
similar non-significant differences in overall survival:
patients with IA shortly before alloSCT had overall
survival of 70.7% [95% CI 54.1–82.1]) and patients with
a longer time interval between IA and alloSCT of be-
tween 3 and 6 months had 66.0% [95% CI 46.0–80.1]).
Patients with IA longer than 6 months or no IA had
5
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IA pre alloSCT Total (N = 1152)

No (N = 1083) Yes (N = 69)

N (%) N (%) N (%)

Any anti-mould drug given day 0- day +99

No 398 (36.7) 8 (11.6) 406 (35.2)

Yes 685 (63.3) 61 (88.4) 746 (64.8)

Posaconazole given day 0 to +99

No 785 (72.5) 45 (65.2) 830 (72.0)

Yes 298 (27.5) 24 (34.8) 322 (28.0)

Voriconazole given day 0–day +99

No 841 (77.7) 42 (60.9) 883 (76.6)

Yes 242 (22.3) 27 (39.1) 269 (23.4)

Ambisome given day 0–day +99

No 877 (81.0) 46 (66.7) 923 (80.1)

Yes 206 (19.0) 23 (33.3) 229 (19.9)

Echinocandin given day 0–day +99

No 937 (86.5) 61 (88.4) 998 (86.6)

Yes 146 (13.5) 8 (11.6) 154 (13.4)

Amphotericin given day 0–day +99

No 1027 (94.8) 69 (100.0) 1096 (95.1)

Yes 56 (5.2) 0 (0.0) 56 (4.9)

Isavuconazole given day 0–day +99

No 1054 (97.3) 65 (94.2) 1119 (97.1)

Yes 29 (2.7) 4 (5.8) 33 (2.9)

N = 924 N = 56 N = 980

Any anti-mould drug given day +100–day +365

No 520 (56.3) 19 (33.9) 539 (55.0)

Yes 404 (43.7) 37 (66.1) 441 (45.0)

Posaconazole given day +100–day +365

No 720 (77.9) 46 (82.1) 766 (78.2)

Yes 204 (22.1) 10 (17.9) 214 (21.8)

Voriconazole given day +100–day +365

No 765 (82.8) 37 (66.1) 802 (81.8)

Yes 159 (17.2) 19 (33.9) 178 (18.2)

Ambisome given day +100–day +365

No 833 (90.2) 42 (75.0) 875 (89.3)

Yes 91 (9.8) 14 (25.0) 105 (10.7)

Echinocandin given day +100–day +365

No 863 (93.4) 51 (91.1) 914 (93.3)

Yes 61 (6.6) 5 (8.9) 66 (6.7)

Amphotericin given day +100–day +365

No 902 (97.6) 56 (100.0) 958 (97.8)

Yes 22 (2.4) 0 (0.0) 22 (2.2)

Isavuconazole given day +100–day +365

No 897 (97.1) 52 (92.9) 949 (96.8)

Yes 27 (2.9) 4 (7.1) 31 (3.2)

Table 3: Use of mould-active anti-fungal drugs after alloSCT in the subgroup of patients with available comprehensive information on drug use.
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overall survival 78.9% [95% CI 76.6–81.0]) (p = 0.077).
We also asked the question if the timing of IA in-
fluences the remission status of IA at time of alloSCT.
These data were available only in a subgroup of 62 pa-
tients. As expected, more patients with IA episodes ≥3
months prior to alloSCT had complete remission of IA
at time of transplant as compared to patients with IA
episodes <3 months prior to alloSCT (82.4% CR vs.
46.4%; p = 0.003). We found no statistical significant
association of IA remission status at time of transplant
to one year NRM (CR = 14.6% (5.9–27.2) vs. no CR
14.3% (3.4–32.7)). There was a tendency towards a
www.thelancet.com Vol 67 January, 2024
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Fig. 1: Univariate outcome graphs showing non-relapse-mortality (panel A), relapse incidence (panel B), relapse-free survival (panel C) and
overall survival (panel D) after alloSCT in patients with pre-existing IA (blue dotted lines) vs. patients who did not have IA prior to alloSCT (red
lines).

Articles
higher relapse incidence in the no CR group, which was
not statistically significant (CR = 17.1% (7.4–30.1) vs. no
CR 28.6% (11.2–48.8), p = 0.2).

Roughly, one third of patients in our study were
below 18 years (Table 1) and we were interested if the
pre-SCT IA-related risk for NRM depends on the age of
the alloSCT patients. By testing the interaction between
age (adults vs. children) and pre-SCT IA, we obtained no
significant association in the multivariate model. We
also found no significant association between the fre-
quency of alloSCTs a center performs and NRM or
overall survival.

Influence of pre-SCT IA on graft-vs.-host disease
(aGVHD)
The cumulative incidence of aGVHD all grades did not
significantly differ between patients with pre-SCT IA
(39.1% [95% CI 28.5–49.5]) vs. patients without IA
(45.5% [95% CI 42.8–48.2]) (p = 0.2). In addition, the
www.thelancet.com Vol 67 January, 2024
incidence of severe aGVHD grades III-IV was not
significantly different in both groups (IA group 8.6%
[95% CI 3.7–15.9] vs. without IA group 12.4% [95% CI
10.7–14.3]) (p = 0.3).

The same was true for chronic GVHD (cGVHD):
The cumulative incidence of cGVHD all grades did not
significantly differ between patients with pre-SCT IA
(28.1% [95% CI 18.2–38.9]) vs. patients without IA
(25.1% [95% CI 22.7–27.5]) (p = 0.5). In line with these
results, also the incidence of extensive cGVHD was not
significantly different in both groups (IA group 18.3%
[95% CI 10.3–28.1] vs. without IA group 15.0% [95% CI
13.0–17.0]) (p = 0.4).

Incidence and risk factors of post alloSCT IA
In addition to the main objective of our study on pre-
SCT IA before alloSCT, we were able to collect pro-
spective data on the occurrence of post alloSCT IA. In
the entire cohort (n = 1439) the cumulative incidence of
7
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Total patients IA pre alloSCT

No 1352 Yes 87

Number of overall deaths (N = 444) (N = 41)

Cause of death N (%) N (%)

Relapse of primary disease 145 (10.7) 16 (18.4)

Infection related 129 (9.5) 12 (13.8)

Bacterial 42 4

Viral 20 1

Fungal 14 1

Bacterial + fungal 8 1

Bacterial + viral 7 0

Viral + fungal 4 0

Bacterial + viral + fungal 4 0

Parasitic 1 0

Fungal + parasitic 1 0

Viral + parasitic 1 0

Viral + fungal + parasitic 1 0

Type of infection not specified 26 5

Graft-vs.-host disease related 85 (6.3) 7 (8.0)

Secondary malignancy 9 (0.7) 1 (1.1)

Multi-organ failure related 35 (2.6) 0 (0.0)

Other 34 (2.5) 5 (5.7)

Missing 7 (0.5) 0 (0.0)

Table 4: Reasons of death after alloSCT in both cohorts of patients
with pre-existing IA vs. no pre-existing IA.
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probable or proven IA at day +100 post alloSCT was
1.9% (95% CI 1.3–2.7) and at one year post alloSCT was
3.5% (95% CI 2.6–4.5). Four out of 87 patients with pre-
SCT IA developed a post alloSCT IA.

In multivariate analyses the donor type was the
strongest risk factor for post alloSCT IA: as compared to
HLA-identical siblings the use of haplo-identical donors
Non-Relapse-Mortality Total

IA No or more than 6 months before 1368

IA 3–5.9 months before 30

IA 0–2.9 months before 41

Relapse incidence Total

IA No or more than 6 months before 1368

IA 3–5.9 months before 41

IA 0–2.9 months before 30

Progression-free survival Total

IA No or more than 6 months before 1368

IA 3–5.9 months before 30

IA 0–2.9 months before 41

Overall survival Total

IA No or more than 6 months before 1368

IA 3–5.9 months before 30

IA 0–2.9 months before 41

Table 5: Major clinical outcome parameters in alloSCT patients according to
was associated to significantly increased risk for IA with
a hazard ratio of 5.0 (1.8–14.0) (p = 0.003). The other
significant risk factor for post alloSCT development of
IA was the use of in vivo T-cell depletion with ATG or
Campath (HR 2.0 [1.0–4.0], p = 0.04). The use of unre-
lated donors was non-significantly associated to a higher
hazard ratio for post IA development of 2.3 (0.9–6.1)
(p = 0.1) as compared to HLA-identical sibling donors.
Discussion
In this prospective EBMT study, we were able to esti-
mate the mortality risk after alloSCT in patients with-
and without pre-SCT IA. Our most important findings is
that more than two thirds of patients with pre-SCT IA
were alive at one year after alloSCT. Our second most
important finding is that pre-SCT IA remains a signifi-
cant risk factor for impaired alloSCT outcome in this
recent cohort. Also importantly, we found that in pa-
tients with pre-SCT IA as well as in control patients
without IA the main reasons of death after alloSCT were
non-infection related. Namely, leukaemia relapse was
the most prominent reason for deaths in patients with
pre-SCT IA. The fact that patients with the previous IA
group have lost the dose-intensity of the treatment may
have played role. This is because the treatment of
Aspergillosis is usually associated to temporary sus-
pension of chemotherapy (or dose reduction) or at least
postponement of the treatment schedule to give time to
achieve an acceptable haematological recovery (if neu-
tropenic) and an adequate control of organ infection.
The lowering of dose-intensity may affect the efficacy of
the treatment and make these patients more prone to
relapse. Taken together these data demonstrate that IA
is not anymore an absolute contraindication for alloSCT
Events 1-year NRM (95% C.I.) p

155 11.40 (9.78–13.16) 0.5

5 16.94 (6.02–32.58)

6 14.63 (5.85–27.23)

Events 1-year RI (95% C.I.) p

249 18.26 (16.25–20.37) 0.28

11 26.93 (14.35–41.21)

7 23.91 (10.30–40.64)

Events 1-year RFS (95% C.I.) p

404 70.34 (67.83–72.70) 0.08

12 59.13 (39.34–74.38)

17 58.43 (41.91–71.75)

Events 1-year OS (95% C.I.) p

287 78.88 (76.61–80.96) 0.077

10 65.97 (45.95–80.05)

12 70.65 (54.13–82.14)

time intervals between diagnosis of IA to alloSCT.
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because the majority of patients with IA who undergo
alloSCT benefit from this procedure.

Our findings differ from historic reports describing a
major adverse impact of IA on alloSCT outcome.11–14

While this study was not designed to investigate the
reasons for better outcome as compared to previous
studies, we speculate that the widespread use of more
active anti-mould drugs as well as improved supportive
care management may have contributed to more
favourable results in the present study. We found that a
high proportion of alloSCT recipients were treated with
mould-active drugs as secondary antifungal prophylaxis.
This may have led to lower rates of IA-related deaths and
improved outcome.6,13,15,16 An overall better supportive
care management under current conditions may have
improved specifically the outcome of alloSCT in patients
with IA. This hypothesis is supported by publications
demonstrating that the outcome of severe infectious
complications in patients with malignancies has
considerably improved during the last decade and is
mostly determined by the status of the underlying ma-
lignancy (not by the infection).17,18

A specific difficulty in our study was to assess the
remission status of invasive pulmonary aspergillosis at
the time of alloSCT in these heavily pre-treated hae-
matology patients. This is reflected by the fact that in 25
cases with pre-SCT IA it was not possible to determine
the remission status at time of SCT. The standard pro-
cedure is to perform chest CT scan prior to SCT in
patients who had previous evidence of invasive asper-
gillosis. However, in acute leukaemia patients, the chest
CT scans often is abnormal and small nodules or in-
filtrates of unknown origin are frequently seen.19

Our current results add prospective evidence on re-
sults from two previous retrospective registry studies in
North America of the Centre for International Blood and
Marrow Transplant Research (CIBMTR)20 and in Europe
of the EBMT.5 In 2017, the CIBMTR published their
experience with pre-existing invasive fungal infections
including older cases before the year 2000 and found
that Aspergillus spp. and Candida spp. were the most
commonly identified pathogens. AlloSCT recipients
with invasive fungal infections had an inferior
progression-free survival, a shorter overall survival,
increased NRM as well as higher infection-related
mortality. Similar to our current results, significant
survivorship was observed and the predominant cause
of death in alloSCT recipients with pre-existing invasive
fungal disease was not infection but the underlying
malignancy.20 The former EBMT study focused on pa-
tients with pre-SCT IA (excluding other types of fungi)
and exclusively included a more recent patient popula-
tion between 2005 and 2010.5 In this retrospective
dataset, overall survival and NRM were not statistically
different after alloSCT in patients with pre-SCT IA vs.
controls but there was a trend towards impaired
outcome. Of note, the registries contain less detailed
www.thelancet.com Vol 67 January, 2024
and reliable data on invasive fungal infections and there
is a risk of underreporting as well as difficulties with
loss of follow up. The registry analyses may have
underestimated the effect of IA on alloSCT outcome due
to difficulties in diagnosing IA under ‘real life condi-
tions’. In the previous retrospective study, we were un-
able to assess the impact of the type of IA (proven/
probable vs. possible) and the status of IA before
alloSCT. Therefore, we decided that a prospective trial is
needed to draw definite conclusions on the impact of
pre-SCT IA on alloSCT outcome.

One further interesting aspect of our study is that the
use of in vivo T-cell depletion with ATG is a significant
risk factor for development of post alloSCT IA. Based on
our results it may be tempting to omit ATG in alloSCTs
with a high risk of IA. This however would increase the
risk of acute and chronic GVHD rates. We therefore
recommend using ATG in alloSCTs at high risk of
GVHD despite the somewhat higher risk of IA.21 An
unanswered question is how ATG compares to post
transplantation cyclophosphamide (PTCy), the other
popular GVHD prophylaxis strategy, regarding the in-
fectious disease risk. The EBMT IDWP is currently
conducting a retrospective study to collect evidence.

In summary, our current results provide the under-
lying clinical evidence for decision making on alloSCT
indications in patients with acute leukaemia and IA. The
main message is that the majority of leukaemia patients
with IA who undergo alloSCT will benefit from this
procedure. Therefore, patients with pre-SCT IA should
not anymore be excluded from alloSCT, which is the
only lifesaving treatment for many patients with acute
leukaemia.
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