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Hematopoietic stem cell transplantation following 
invasive mold infection in chronic granulomatous 
disease: Insights from a case series and literature 
review
Hugo Bes-Berlandier1�, Olivier Paccoud1�, Benedicte Neven2,3�, Marie Elisabeth Bougnoux4�, Emilie Sitterlé4�, Ambroise Marcais5�, 
Morgane Cheminant5�, Despina Moshous5�, Rinzine Sammut6�, Pierre Simon Rohrlich6�, Nizar Mahlaoui2,7�, Olivier Lortholary1,3,8�, 
Felipe Suarez5�, and Fanny Lanternier1,8�

Chronic granulomatous disease (CGD) is an inborn error of immunity leading to severe invasive mold infections (IMIs). 
Questions remain regarding the safety of hematopoietic stem cell transplantation (HSCT) in patients following IMI. We 
retrospectively collected data from CGD patients undergoing HSCT within 2 years after a diagnosis of probable or proven IMI 
in France. The primary endpoint was to describe 1-year overall survival (OS). 14 patients were included, with aspergillosis 
(n = 10), mucormycosis (N = 2), scedosporiosis, or lomentosporiosis (n = 1 each). IMI status at time of HCST included four in 
complete response, four in partial response (PR), one in stable response (SR), and five with disease progression (DP). 1-year 
OS was 86 % (12/14). Two patients with scedosporiosis and lomentosporiosis died before engraftment. The remaining patients 
all achieved engraftment followed by prolonged clinical response of IMI. HSCT appears safe in patients with complete response 
or PR of IMI and could be a promising curative option for progressive IMI, specifically in those with invasive aspergillosis.

Introduction
Chronic granulomatosis disease (CGD) is an inborn error of 
immunity caused by mutations in the genes encoding subunits 
of the nicotinamide adenine dinucleotide phosphate oxidase 
complex, leading to impaired neutrophil phagocytic function. 
Bacterial and fungal infections are the main manifestations of 
CGD, as well as dysregulated inflammatory responses and 
granuloma formation affecting various organs (1). Although the 
prognosis of CGD patients has improved with routine antifungal 
prophylaxis, invasive mold infections (IMIs) remain the 
leading cause of infection-related mortality in CGD patients 
(2). Indeed, the reported lifetime incidence of IMI before the 
introduction of antifungal prophylaxis ranges from 20% to 
46%, with respectively Aspergillus fumigatus and Aspergillus 
nidulans as the main organisms isolated (3, 4, 5, 6, 7). In 
addition, there are increasing reports of azole-resistant as
pergillosis and IMI caused by non-Aspergillus molds. These 
often occur as breakthrough infections and/or in patients 

receiving additional immunosuppressive treatments (8), 
which requires the development of new therapeutic approaches 
(4, 9). Hematopoietic stem cell transplantation (HCST) is the 
only effective long-term treatment for curing immune defi
ciency, reversing inflammatory lesions, and improving patient 
survival in CGD patients (10, 11). While recent publications agree 
on the benefit of offering allogeneic transplantation from 
childhood onward, in view of its good long-term tolerance, 
questions remain with regards to the optimal timing of HSCT in 
patients with current IMI (12, 13). Indeed, while restored phag
ocytic function after HSCT can contribute to immunological 
control of aspergillosis, the aplasia induced by this procedure 
raises questions about its safety in patients with an active or 
refractory fungal infection.

We therefore sought to describe the characteristics and 
clinical outcomes of CGD patients undergoing HSCT within 
2 years after an IMI diagnosis.
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France; 7French National Reference Center for Primary Immunodeficiencies, Necker-Enfants University Hospital, Assistance Publique-Hôpitaux de Paris, Paris, France;
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Results
75 patients with CGD from the French National Reference Center 
for Primary Immunodeficiencies (CEREDIH) registry underwent 
HCST between 2008 and 2022. 14 patients met the criteria and 
were included in the study. Main HSCT characteristics of pa
tients are summarized in Table 1. These 14 patients were older 
than patients with CGD who received HCST without any docu
mented evidence of IMI (15 years [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30] vs. 9 years [4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15]) (Table S1). Moreover, patients treated with 
HCST in the setting of IMI more frequently had matched sibling 
donors (MSDs) and matched unrelated donors (MUDs), while 
the other groups were more often transplanted with mismatched 
related haploidentical donors (MMRDs). Interestingly, we found 
similar 1-year mortality rates for each group (of, respectively, 
13% and 14%).

Characteristics of the 14 patients undergoing HCST after an 
IMI diagnosis (Tables 1 and 2)
13 patients were male with X-linked CGD, and one was a female 
with autosomal recessive (AR) CGD. The age at first symptom of 
CGD ranged from 0.3 to 3 years, and the median age at diagnosis 
of CGD was 1 year. Five patients had a history of inflammatory 
manifestations associated with CGD (inflammatory bowel dis
ease, n = 3, liver, n = 1, lung, n = 1), and were treated with an 
immunosuppressive treatment (rituximab n = 1; Jak inhibitors, 
n = 1; TNF α inhibitors and corticosteroids, n = 1) within the year 
before HCST. Three patients received rituximab in the context of 
HLA alloimmunization. Among those with available data, 10 
patients were receiving primary antifungal prophylaxis prior to 
the IMI, specifically with itraconazole (n = 5) or posaconazole 
(n = 5). The median age at diagnosis of IMI was 15 years (10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27) and the median 
time between IMI and HCST was 10 mo (6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21). This tended to shorten over the study 
period and was 22 mo in patients transplanted before 2018 (the 
median year of HSCT in this cohort) and 7 mo in those trans
planted since 2018.

With regards to infection status at the time of HCST, five 
infections were classified as being in disease progression (DP), 
one was in stable response (SR), four were in partial response 
(PR), and four were in complete response (CR).

12 IMI were proven and two were probable. The most fre
quent mold species was Aspergillus spp (A. fumigatus, n = 7/14, A. 
nidulans, n = 2/14, and Aspergillus spp, n = 1/14), and the re
maining were Lichtheimia spp (n = 1/14), Mucorales spp (1/14), 
Scedosporium apiospermum (n = 1/14), and Lomentospora prolif
icans (n = 1/14). Infection was disseminated in six cases and lo
calized in eight involving the lung (n = 7) or brain (n = 1). 
Localized aspergillosis presented as pneumonia in six patients 
and brain abscesses in one. Of the four patients with dissemi
nated aspergillosis, one experienced a cardiac, mediastinal, and 
lung involvement; the second a pulmonary and thyroid in
volvement, while the third and fourth had a pulmonary asper
gillosis with two brain microabscesses and a lung and costal 
involvement, respectively. The two cases of mucormycosis 
presented as localized pneumonia. The S. apiospermum infection 

Table 1. Characteristics of 14 CGD patients with IMI within 2 years prior 
to HSCT

N = 14 (%)

Sex

Male 13 (93)

CGD characteristics

Median age at diagnosis of CGD (years) [IQR] 1 [0.3–3]

Genetic pattern

X-linked CGD 13 (93)

AR 1 (7)

History of inflammatory diseases 5 (36)

Immunosuppressive treatmenta 6 (43)

IMI characteristics

Median age at diagnosis of IMI (years) [IQR] 15 [10–27]

Infection status at the time of HSCT

CR 4 (28.5)

PR 4 (28.5)

SR 1 (7)

DP 5 (36)

Median time between IMI and HSCT (months) [IQR] 10 [6–21]

Median time between IMI and HSCT among patients with 
partial or stable responses and disease progression 
(months) [IQR]

7 [4–17]

Fungal species

Aspergillus spp 10 (71)

Mucorales 2 (14)

L. prolificans 1 (7.5)

S. apiospermum 1 (7.5)

Site of infection

Lung only 7 (50)

Brain only 1 (7)

Disseminated infection 6 (43)

HSCT

Age at HCST (years) 15 [10–30]

Median year of HSCT 2018 [2015– 
2019]

Donor type

MSD 6

MUD 3

MMUD 4

MMRD 1

Stem cell source

BM 10 (71)

PBSC 4 (29)

CD34 cells (cells per kg bodyweight) [IQR] 5.9 × 106 [4– 
9.2]

Conditioning intensity
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was disseminated with a brain abscess and costal osteitis. Fi
nally, the L. prolificans infection was also disseminated with 
pneumonia, fungemia, and skin involvement. Adjunctive ther
apies were administered in five cases, consisting of granulocyte 
transfusions during aplasia (n = 4) and arterial embolization (n = 
1). After excluding the two deceased patients, the median du
ration of antifungal treatment following allo-HCST was 4 (3, 4, 5, 
6, 7, 8, 9, 10, 11) mo.

Of the 14 patients, three underwent transplantation from a 
MUD, four from a MMUD, and six patients from a MSD. One 
patient had an MMRD. Hematopoietic cell transplantation– 
specific comorbidity index ranged from 1 to 3. Stem cell source 
was bone marrow in 10 cases and peripheral blood stem cells 
(PBSCs) in four patients. The median dose of CD34+ stem cells 
was 5.9 × 106 cells per kg bodyweight. Conditioning regimen was 
sub-myeloablative in 13 patients and myeloablative reduced 
toxicity in one and combined in all cases busulfan and fludar
abine (14/14). All patients received serotherapy (antithymocyte 
globulin [n = 5] or alemtuzumab [n = 9]). Graft-versus-host 
disease (GVHD) prophylaxis was based ciclosporin and myco
phenolate mofetil in all but one patient who received 
ciclosporin only.

1-year overall survival (OS) was 86% (12/14). Two patients 
(patients 4 and 6) died after engraftment failure. Patient 4 who 
suffered from disseminated scedosporiosis received a MSD 
transplant 4 mo after the diagnosis of IMI. He presented a sec
ondary graft failure 10 mo after transplant and was retrans
planted from the same geno-identical donor 23 mo after the 
initial diagnosis of fungal infection and 9 mo after the first 
transplant. He died of a massive hemoptysis at day +10 after 
second HSCT. Patient 6 did not achieve engraftment and died of 

septic shock in relation with refractory Lomentospora fungemia 
at day +50 after HCST.

The median time of neutrophil engraftment and platelet re
covery were 17 and 18 days after transplant, respectively. Among 
patients achieving engraftment, median dihydrorhodamine 
(DHR) at 1 mo after HCST reached 89%. At 3 mo, nine pa
tients had donor chimerism above 95 % and three had mixed 
chimerism.

Posttransplant infections occurred in eight cases and were 
bacterial (n = 3), viral (n = 3), or fungal infections (n = 2). The two 
fungal infections were de novo, occurred within the first days of 
aplasia, and were, respectively, Rhodotorula fungemia and L. 
prolificans infection. In addition, patient eight had a grade two 
acute skin GVHD treated with corticosteroids, patient 11 a 
transitory pulmonary hypertension 1 year after allograft, and 
patient 12 experienced thrombotic microangiopathy that led to 
ciclosporin cessation.

All patients who presented aspergillosis with progression 
prior to allo-HSCT, including two localized and two dissemi
nated infections, had a favorable clinical and radiological out
come. Moreover, all four patients who had IMI with PR 
demonstrated a constant improvement of radiological findings 
after HCST. At a median follow-up of 1 year, all surviving pa
tients had a persistent clinical cure.

Literature review (Table 3)
The initial PubMed search retrieved 89 citations. After exclusion 
of duplicates and articles with titles and abstracts not meeting 
inclusion criteria, 36 full-text articles were assessed for eligi
bility. Two further articles were excluded and 34 were included, 
a majority of which were case reports.

Overall, the literature review included 71 patients. 61 (86%) 
were male. The majority (58/71, 82%) of patients had X-linked 
CGD, one (1%) was an X-linked carrier, and twelve (17%) patients 
had AR CGD. Median age at time of HCST was 11 years (1–17.5). 
Among the 69 IMI with available data on infection status, 18 
(26%) were associated with CR, 9 (13%) with PR or SR, and 42 
(61%) with DP at the time of HSCT. Aspergillus sp. was involved in 
63 (89%) patients and represented approximately three quarters 
(32/39) of IMI with DP. Other molds recorded included S. apio
spermum (6/71) and L. prolificans (1/71). Most patients had localized 
infections (40/69), mainly pneumonia (34/69) and para
spinal abscess (2/56). Conversely, 31 patients presented dissem
inated IMI, mainly caused by Aspergillus spp (24/31).

Donor HLA matching was distributed as follows: 25 MSD, 33 
MUD, five MMRD, three MMUD, and three with missing data. 
Among 58 patients with information about stem cell source and 
conditioning, 43 patients were infused with BM, while the re
maining patients received PBSC (14/58) and cord blood cells (1/ 
58). Myeloablative conditioning (31/58), as defined by European 
Society for Blood and Marrow Transplantation (EBMT) classi
fication, was the main conditioning used followed by sub- 
myeloablative reduced-toxicity conditioning (RIC) (16/58) and 
reduced intensity conditioning (11/58) (15). Engraftment was 
achieved in 61 (86%) patients, while 20 (28%) patients experi
enced GVHD. Clinical cure was obtained in 58 patients (82 %) 
and in 77% (40/52) of those with active IMI (DP or SR or PR). 

Table 1. Characteristics of 14 CGD patients with IMI within 2 years prior 
to HSCT (Continued)

N = 14 (%)

RTC 1 (7)

RIC 13 (93)

Engraftment 12 (86)

Median time at neutrophil engraftment (days) [IQR] 17 [15–22]

Median time of platelet recovery (days) [IQR] 18 [13–21]

Medial duration of post-HSCT antifungal treatment 
(months)

4 [3–11]

Outcome

1-year OS 12 (86)

Median DHR at 1 mo after HSCT (%) 89 [74–95]

3-mo median chimerism status (% donor) 98 [94–99]

3-mo clinical and radiological response b 8 (80)

1-year persistent clinical and radiological cure 12 (86)

IQR, interquartile range; BM, bone marrow; RTC, myeloablative reduced 
toxicity conditioning.
aIn the year before the diagnosis of IMI.
bClinical and radiological evaluation were carried out only in IMI with PR, SR, 
and DP.
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Table 3. Literature review of reported cases of CGD patients undergoing HSCT after an IMI diagnosis

Study 
(reference)

Age at the moment 
of HSCT

IMI Localization Outcome

(30) Engraftment: Yes

N = 1 8 years Aspergillosis with DP Disseminated (lung, skin and muscular) GVHD: No

Cured of IMI and alive: Yes

(28) Engraftment: Yes

N = 1 4 years Aspergillosis with DP Pneumonia and contiguous osteomyelitis GVHD: grade III skin

Cured and alive: Yes

(13) Engraftment: 2/4

N = 4 MA: 15.5 years [14–16] Four aspergillosis with DP One disseminated infection including heart and 
bones involvement, two disseminated infections 
with lung and CNS involvement, one pneumonia

GVHD: 2/4

Cured and alive: 1/4a

(13) Engraftment: Yes

N = 1 20 years S. apiospermum infection with DP Disseminated (lung and paraspinal) GVHD: No

Cured and alive: nob

(31) Engraftment: Yes

N = 1 18 years S. apiospermum infection with DP Paraspinal abscess GVHD: No

Cured and alive: Noc

(32) Engraftment: Yes

N = 1 8 years Aspergillosis with DP Disseminated (lung + vertebrae) GVHD: grade III gut + liver

Cured and alive: Yes

(33) Engraftment: Yesd

N = 1 3 years Aspergillosis with DP Disseminated (lung + CNS) GVHD: grade II

Cured and alive: Yes

(34) Engraftment: 7/9

N = 9 MA: 2 years [2–3] Aspergillosis with CR Lung GVHD: 2/9

Cured and alive: 6/9e

(35) Two pneumonias Engraftment: 2/3

N = 3 15, 17, and 21 years Two aspergillosis with CR and 
one aspergillosis with DP

One disseminated infection (brain; kidney) GVHD: 1/3 (grade 2 skin)

Cured and alive: 2/3f

(36) Engraftment: Yes

N = 1 6 years Aspergillosis with CR Pneumonia GVHD: No

Cured and alive: Yes

(37) Engraftment: Yes

N = 1 13 years Aspergillosis with CR Sinusitis GVHD: grade 2 liver

Cured and alive: Yes

(38) Engraftment: Yes

N = 1 8 years Aspergillosis (no information 
about infection stage)

Pneumonia GVHD: No

Cured and alive: Yes

(39) Engraftment: 2/2g

N = 2 13 and 5 years Aspergillosis with DP Pneumonia GVHD: 1/2 (grade 2 skin)

Cured and alive: 2/2

(40) Engraftment: Yesh

N = 1 3 mo Aspergillosis with DP Pneumonia GVHD: grade 2 skin

Cured and alive: Yes
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Among the 15 (21%) deaths, six (40%) were attributable to IMI 
progression and two (17%) were caused by GVHD. Eight out of 12 
deaths were linked to IMI with DP.

Discussion
In this study, we describe the clinical outcome of 14 CGD patients 
undergoing HCST after a diagnosis of IMI. The mortality rates of 
14% (2/14) were comparable to previous reports including our 
own data from the French registry (22). The two reported deaths 
in our cohort were linked to graft failure (primary and second
ary graft failure in one case each). Moreover, the rate of en
graftment was 86 % in our study. Chiesa et al. found an 88% rate 
of engraftment among 712 patients undergoing HCST, while 

others authors reported engraftment rates ranging from 77% to 
95% of patients (12, 23, 24, 25). More recently, Riller et al. found 
an engraftment rate of 80% among 65 patients transplanted 
from an HLA-haploidentical family donors (26). Of note, one 
of the patients with graft failure had a history of HLA- 
alloimmunization, which is at risk of engraftment failure (27).

Among the 10 patients with active IMI (DP or SR or PR) at the 
time of HCST, all patients with aspergillosis—including three 
with disseminated infections—were cured. These results are 
consistent with data from the literature showing that 26 CGD 
patients (mostly case reports) were successfully transplanted in 
the setting of active aspergillosis (sinusitis, pulmonary, para
spinal abscess, or disseminated infections) after initial failure of 
conventional antifungal treatment (23, 28, 29, 30, 32, 33, 37, 38, 

Table 3. Literature review of reported cases of CGD patients undergoing HSCT after an IMI diagnosis (Continued)

Study 
(reference)

Age at the moment 
of HSCT

IMI Localization Outcome

(23) Engraftment: 11/11

N = 11 MA: 14 years [13–16] S. apiospermum infection with DP Two disseminated infections (one bones + lung; 
one CNS + lung), nine pneumonias

GVHD: 1/11

Cured and alive: 10/11i

(29) Engraftment: Yes

N = 1 12 years Aspergillosis with DP Pericarditis GVHD: grade 2 GI

Cured and alive: Yes

(29) Engraftment: Yes

N = 1 26 years Two aspergillosis with DP Pneumonia with contiguous osteomyelitis GVHD: grade 2 GI

Cured and alive: Yes

(41) Engraftment: 2/2j

N = 2 1 and 11 years Aspergillosis with CR One disseminated infection (no information 
about localization)1

GVHD: 0

Cured and alive: 2/2

(42) Engraftment: Yes

N = 1 5 years Two scedosporiosis with SRk and 
four aspergillosis with SRk

Pneumonia GVHD: grade 2 GI

Cured and alive: Yes

(43) Engraftment: 13/13

N = 13 MA: 18 [5–25] Seven aspergillosis with DP Six pneumonias, five disseminated diseases, one 
spinal abscess, and one muscular abscess

GVHD: 4/13

Cured and alive: 10/13

This paper Engraftment: 12/14

N = 14 MA: 15 years [10–30] See Table 1 See Table 1 GVHD: 1/14

Cured and alive: 12/14

N = number of patients. CGD, chronic granulomatous disease; MA, median age; GI, gastrointestinal; CNS, central nervous system; BM, bone marrow.
aThe causes of death were progression of aspergillosis before engraftment in two patients and a massive hemorrhage in one patient.
bThe patient died from an uncontrolled hemorrhage through an eroded carotid artery.
cThe patient succumbed to a complication of tracheostomy 73 days after transplantation.
dThe patient had an HSCT failure following a first HSCT with reduced toxicity conditioning.
eOne patient died from ARDS, another from systemic BK virus infection, the third from complications of chronic GVHD.
fOne patient died 1 day prior to transplantation from multiorgan failure secondary to disseminated A. nidulans infection.
gOne patient had HSCT failure following a first HSCT with myeloablative conditioning.
hThe patient experienced an allograft rejection following a cord blood transplantation from an unrelated donor before her last HSCT.
iOne patient with IPA died from a steroid-refractory acute GVHD of grade III–IV at day 125 after HSCT.
jOne of the patient received a boost with a BM donor 37 days after HSCT.
kAccording to the definitions of the study published by Klin et al, the disease was stable if the patient had no clinical symptoms related to the disease, and 
pretransplant radiology revealed no changes to suggest progression at day 0.
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39, 40, 41, 43). These results have led some authors to propose 
HCST as a therapeutic approach in refractory aspergillosis after 
3 mo on antifungal treatment (41). The good survival and sus
tained clinical cure observed in all patients from our cohort with 
IMI in CR further reinforces previous evidence supporting the 
safety of performing HSCT in the context of resolved pulmonary 
aspergillosis (34, 35, 36, 42). Cerebral abscesses are particularly 
challenging. In our cohort and in the literature review, we 
identified two patients and six cases, respectively, with Asper
gillus spp related CNS infections. Six of these eight patients (67%) 
achieved a favorable outcome after HSCT. The place of surgery 
before HSCT is a matter of debate. In the literature, surgery was 
performed in two cases of aspergillosis (to treat a pneumonia 
and a brain abscess in on case each) and in one patient with a S. 
apiospermum lung abscess. All three experienced favorable post- 
HSCT outcomes. Previous French CGD cohorts reported that 
surgery was part of infection management in 52% of 29 IMI 
episodes and in 55% of non-Aspergillus mold infections (44). 
The use of surgery was less frequent these recent years; we 
believe that surgery should not be systematically performed 
before HSCT and should always be balanced against the risk 
of delayed postoperative healing in CGD and the risk of 
postponing HSCT.

The indication for HSCT in patients with infections due to 
S. apiospermum and L. prolificans deserves careful discussion. 
These infections are frequently disseminated, as recently 
demonstrated in a recent analysis of cases of non-Aspergillus 
mold infections from the CEREDIH registry (44), which 
likely contribute to their poor prognosis. Published experi
ence with HSCT in this context remains limited and showed 
conflicting results: Parta et al. reported a favorable outcome 
after haploidentical HSCT for therapy-refractory S. apio
spermum pericarditis, and Kline et al. described two patients 
with pneumonia and disseminated S. apiospermum infection 
successfully transplanted 1 year after IMI diagnosis, whereas 
Seger et al. and Gompels et al. reported fatal outcomes after 
haploidentical HSCT in cases of disseminated or paraspinal 
therapy-refractory S. apiospermum infection (13, 31, 43). In 
both cases reported in this series, the patients had received 
pretransplant granulocyte transfusions, which may have 
contributed to graft rejection by triggering alloimmunization. 
The use of granulocyte transfusions in CGD remains contro
versial for this reason. Based on our experience, they should 
be reserved for infections truly refractory to optimal anti
fungal therapy and carefully weighed against the associated 
risk of alloimmunization.

Based on our experience and the literature, the decision to 
proceed with HSCT in the context of ongoing fungal infection 
should always be individualized and made jointly with infec
tious diseases specialists, hematologists, and immunologists. In 
patients showing complete, stable, or PR to antifungal therapy, 
we would not recommend delaying HSCT. In contrast, for pa
tients with progressive disease, it appears reasonable to attempt 
HSCT as salvage treatment after 3 mo of optimized antifungal 
treatment, as previously suggested (41); however, at this stage, 
our data are too limited to support the use of this strategy for 
other mold infections.

Conclusion
IMIs remain a serious infectious complication of CGD, high
lighting the importance of primary antifungal prophylaxis in 
these patients. HCST should be discussed as a salvage therapy in 
CGD patients with aspergillosis and DP. The sustained clinical 
cure observed in patients undergoing HCST in the setting of 
aspergillosis with CR or PR provides reassuring data that should 
be validated in larger cohort.

Materials and methods
Patients and definitions
Using CEREDIH, we retrospectively identified all CGD patients 
who underwent HSCT between 2008 and 2022 in France. 
Among these 75 patients, we selected all CGD patients who un
derwent HSCT within 2 years after an IMI diagnosis. Episodes of 
IMI were defined according to the European Organization for 
Research and Treatment of Cancer (EORTC) and Mycoses Study 
Group Education and Research Consortium criteria (14). Only 
probable or proven IMI according to these criteria were in
cluded. We excluded patients who experienced IMI after HSCT.

The intensity of conditioning was defined in adult pa
tients according to EBMT classifications (15), with the ad
dition of RIC (busulfan = 9.6 mg/kg i.v.) and myeloablative 
reduced toxicity conditioning (busulfan = 12.8 mg/kg i.v.) 
(16, 17). In pediatric patients, RIC was defined by a reduced 
target of busulfan cumulative area under the curve (AUC) 
(60 mg × h/L). HLA compatibility with an adult related or 
unrelated donor was defined by high-to medium-resolution 
typing for HLA-A, B, -C, -DR, and -DQ loci. Primary HCST 
failure was defined as failure to achieve neutrophil recovery 
or donor chimerism <5% on day +28 after HSCT. Chimerism 
was analyzed on whole blood by quantitative real-time poly
merase chain reaction for insertion/deletion polymorphism as 
previously described (18). Phagocyte oxidative burst was as
sessed by DHR test. According to EBMT/Center for Interna
tional Blood and Marrow Transplant Research definitions, time 
to resolution of aplasia was defined by the first of three suc
cessive days with an absolute neutrophil count of ≥500/μl. 
Time of platelet recovery was defined as the first of three 
consecutive days with a platelet count of 20,000/μl or higher 
in the absence of platelet transfusion for seven consecutive 
days (19). Grading of acute GVHD was performed according to 
the Glucksberg-Seattle criteria (20).

IMIs were classified according to Segal et al. criteria at 
the time of HCST: CR was defined as survival and resolution 
of all attributable symptoms and signs of disease as well as 
resolution of radiological lesions and documented clearance 
of infected sites that are accessible to repeated sampling; PR 
was defined as survival and improvement of attributable 
symptoms and signs of disease, improvement in radiological 
lesions, and documented clearance of infected sites that are 
accessible to repeated sampling; SR was defined as survival 
and stability of all attributable symptoms and signs of dis
ease, radiological stabilization, or persistently positive re
sults of specimens from infected sites, and DP was defined as 
worsening clinical symptoms or signs of disease, new sites 
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of disease or radiological worsening of preexisting lesions, 
or persistently positive results of specimens from infected 
sites. (21). The delay between IMI and HCST was quantified 
according to the date of microbiological diagnosis of IMI and 
the last allograft received.

Study objectives
The primary objective was to describe 1-year OS. The secondary 
objectives were to assess the rate of HSCT failure, DHR nor
malization, GVHD, and rate of persistent clinical and radiological 
cure of IMI at 1 year.

Data collection
Data were recorded on a standardized form and included sex, age 
at CGD diagnosis, genetic pattern of inheritance (AR or X-linked 
CGD), comorbidities such as chronic kidney disease or alloim
munization, age at time of IMI, history of inflammatory disease, 
use of immunosuppressive treatments in the year prior to IMI 
diagnosis, infection status at the time of HCST, date of IMI, 
fungal species, site of infection, date of HCST, donor type, CD34 
cells count, treatment degree of HLA match, stem cell source, 
conditioning intensity, conditioning regimen, dose of busulfan, 
GVHD prophylaxis, engraftment, time of resolution of aplasia, 
time of platelet transfusion free, 3-mo chimerism status, post- 
HCST infection, complication related to HSCT, DHR test at 1 mo 
after HSCT, 3-mo clinical and radiological evaluation, 1-year OS, 
and clinical and radiological cure evaluation at 1 year after HCST.

Literature review
In addition, we reviewed the literature from 1998 to 2025 
with PubMed for published cases of HSCT performed in the 
setting of IMI. The following keywords were used: hemato
poietic stem cell transplantation, IMIs, chronic granuloma
tous disease, aspergillosis, mucormycosis, scedosporiosis, 
lomentosporiosis, refractory fungal infections, and post allo
graft infection. Articles were selected for review if their titles 
or abstracts suggested that they reported individual or group 
data from CGD patients who underwent HCST in the setting of 
IMI. References from relevant articles were screened for ad
ditional cases. We excluded duplicate cases and cases without 
individual case details. Articles were excluded if patients did 
not meet the EORTC criteria for proven or probable IMI or if 
IMI occurred after HCST.

Statistical analyses
Continuous variables are presented as median and interquartile 
range, and categorical variables as number and percentage.

Online supplemental material
Main characteristics of CGD patients undergoing HCST with or 
without prior IMI are summarized in Table S1.

Ethics
In accordance with French regulatory requirements, we ob
tained informed consent from patients and/or parents upon 
registration in the CEREDIH registry.

Data availability
The data underlying this study are not publicly available due to 
patient privacy reasons. The data are available upon reasonable 
request to the corresponding author: fanny.lanternier@aphp.fr.
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9. Dunogué, B., B. Pilmis, N. Mahlaoui, C. Elie, H. Coignard-Biehler, K. 
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the Société Francophone de Greffe de Moelle et de Thérapie Cellulaire. 
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Wędrychowicz, J. Baran, A. Krasowska-Kwiecień, O. Wiecha, and M. 
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