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Hematopoietic stem cell transplantation following
invasive mold infection in chronic granulomatous
disease: Insights from a case series and literature
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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 (0S). 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
0S 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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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 o 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
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Table1. 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 treatment? 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 7 [4-17]
partial or stable responses and disease progression

(months) [IQR]

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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Table1. 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 4[3-11]
(months)
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 P 8 (80)
1-year persistent clinical and radiological cure 12 (86)

IQR, interquartile range; BM, bone marrow; RTC, myeloablative reduced
toxicity conditioning.

2In the year before the diagnosis of IMI.

bClinical and radiological evaluation were carried out only in IMI with PR, SR,
and DP.

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 x 10 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

Bes-Berlandier et al.
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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).

Journal of Human Immunity
https://doi.org/10.70962/jhi.20250164

920z Yoie £0 uo 3senb Aq 4pdv910520Z 1Ul/628.202/¥91062028/E/Z/3pd-ajone/yl/Bio sseidny/:dpy wouy pepeojumoq

3of11



|

J

Downloaded from http://rupress.org/jhi/article-pdf/2/3/e20250164/2027829/jhi_20250164.pdf by guest on 07 March 2026

IV qewnznwsly  qewnzniwa)y 91y qewnznwaly 91y  qewnzmuwsa)y 91y  qewnzmuwaly IR qewnznjwa)y qewnznjwa)y qewnznjwsly  gewnznjwaly Adesaypolas
shusuajul
o1y plL:| Rl ol ol pll] pll] Blk:] Blk:] Blk:] ol Blk:] o1 plk] Buiuonpuo)
(3yBramApoq 35
0T x Ty 90T x CT 90T *x 6°0T 90T * /T 90T * 90°6 90T * CT 90T * 9'G 0T * LT 90T xT'9 90T * T'6 0T x L 90T x ¥ 90T * L'§ oL xG¢ Jod S1192) $1192 ¥£AD
01/0T 0T/0T [49249 01/0T €3ep oN 01/0T €1ep ON 01/0T 0t/6 01/0T 01/0T 01/6 0T/0T 0T/0T Suiydrew vH
wd 0S4d wd we we wd 0S4d wd wd wd wd 0S4d 0Sad we 82.nos )35 wals
asw anw anw asw agww asw anww asw anww asw asw anww anw anw adAy Jouoq
€ T T T T 4 T € T T 4 T € T 42403s [D-1DH
0€ 6¢ 80 4 ot 90 14 0€ 148 T ST 8¢ (4 8T LSDH 3e 28y
1JSH

Juoisnysues) Luoisnjsued) Juolsnjsuesy uonezioqua uolsnjsuely
oN oN oN oN oN oN oN oN a1£x0)nueIn 91£x01nueln a1£00)nuesn JeuaLy 21£00)nueIn UOJaJJIU|  JUSLIIEL] |RUOINIPPY

sulyeuIqa} uidunjodses
uidunjodsed uBunjodsed pue ‘guy7  uidunjodsed pue uBunjodsed uBunjodsed uidunjodsed pue
9]0ZBUODLIOA 3]0Zeu0dNAES| pue guiy] quiy quiy quiy pue guy 9]0ZBUOJESO4  ‘9]0ZBUODLIOA 9]0ZBUOINARS|  pUE 3]0ZBUOILIOA pue quy pue 9]0ZeU0dNABS|  9]0ZBUODLIOA  JUBWIEaJ] |eSunjiuy
unjs

proify pue ‘ejwaduny Jeunselpaw

8un) pue yuleig pue Sun7 Bun7  sauoq pue Bun  sauoq pue purelg pue Seipied
‘pajeulwassiq Bun Bun Bun Bun 8uny  :pajeulwassiq Sun7  :pajeulwassig ‘pajeulwassiq :pajeuIassiq Sun7  ‘8unq :pajeuiwassiq purelg uoidRyUl JO AUS

dds snyobjwn) snyobjwin)
snyobiwn] y dds snyibiadsy smpbjwn) 'y snbjwn) 'y dds sappsoony  oiwayiydry ‘v y-9j0zy snyobiwn] y supjnpiu "y wnwiadsoido 'y y-910zy sujnpiu "y snyobiwn] y 5 savads jeduny
oStpuowW) 1OSH pue
[44 14 L 14 L S 6L L € 14 € € 4 8¢ IWI usamiaq Aejaq
sixejAydoud
8]0Zeu02esod 9]0ZeU0JBSOd oN ON  3]0ZBu0desOd OoN 9]0ZeU0JBSOd 9]0zeuodel}l ON a]0zeuodely| a]0zeuodely| e1ep oN 9j0zeuode)| 9]0ZeU0JeSOd a)ozeuodesy| Asewiid e8unjiuy
(s4eak)
8¢ 8¢ To [4Y 6 T0 €C 6¢ T 14 €I 8¢ 6T 14 sisouselp Je a8y
Wi
J1D 'vzv e JUBWIEDI}
OoN oN oN ON  ‘qewnuwiepy ejep oN OoN oN o210 qewixniy qewxniry sJo3quyur el qewixniy oN  Jossasddnsounwiwi
snyobiwin) mopAs SU22522IDW DIIDLIAS snyobiwin) suo1I3jul
'Y ‘SnaJnb 'S SUDJOARINW DLIap]OLINg oN snano ' sn)baadsy snaJno s snaJno s ‘smobjwn| "y smpbjwn] v smypbjwn] v snaJno s 'y ‘snainp 'S snaino sn22020jAydois  dds snybaadsy  snoiaaud jo A1oasiy
saseas|p
Aiorewweyuy
oN oN oN oN SIN0D [SOA  SINOD SIA 8un :oN oN ejep oN oN ON 03 ‘SND JaA] aUON 40 Kio3siH
oN aMd oN oN oN oN axd ON ON  UOIEZIUNWWIOJY  UOHEZIUNWWIONY  UOIIEZIUNWIWIO]Y uoneZIUNWWIO|Y aUON Aypigaowo)
aso

dsd paxu-X aod paun-X - @92 paAul-X paxul-x @92 parul-x qv a9 paxul-x dsd pay a9 paAul-x d9 paAqul-xX d9d paxul-x dsd paxqu-X dod paxul-x - d9D paul-X uiayied onauag
(s4eaAk)
x4 To TOo To € TOo 8 T T € T € € T sisouderp e a3y
asd
aew aew aew BN BEN aewa4 aew aew aew BEN aew aew BEN aew Japuan
vid €1d ad Tid otd 6d 8d Ld 9d Sd vd €d u d sjuaized

1DSH Sui081apun sjuanzed jo soisiialdeIRYd JENpIAIpU] ‘7 9]qe]

40f11

Journal of Human Immunity
//doi.org/10.70962/jhi.20250164

Bes-Berlandier et al.

https

Clinical outcomes of CGD patients undergoing HSCT after an IMI diagnosis



rUU,\

Downloaded from http://rupress.org/jhi/article-pdf/2/3/e20250164/2027829/jhi_20250164.pdf by guest on 07 March 2026

‘sisA|eue WsLBWIYD 3U3 Ul JOUOP 132 4O %0G< Suipn)pul uoiisodwod modiew suoq e pue eisejde Jo uoiNjosal e Aq paulysp sem JUsWadUBYUS Jelo),

‘uoisnjuias Jaye OQT Aep uo paddois pue uoisnjuial jo Aep ay3 wody pajeniul sem JWW “uoisnjuial Jaiye 08T Aep uo paddols pue uoisnjuias 24043q T Aep wouy pajeriul sem ulodsopdi),

(A /3w gzT = uejnsnq) asop D1y pue (zI = U “A’l /3w 96 = ueynsng) asop DY Suipnpoul wioyield paseq uejjnsng-auiqedepnyy e paAIadal SJuslleds

"1JSH 8uiodiapun sjusied jo st 9y} sassasse Jeyy wa3sks Bullods paiepleA e si [J-1JH,

"Y1eap 13UN | SOH 49348 M 7 Wolj uoisnjsuely

s91400]nUBIS B pPaAIadal g JUBIIEd “| SDH 240J8G %M 7 113N | SOH 910Jaq OW 7 WOJj UOISN)Suel) $33420]nuel3 e paAladal G Jualled JuaLwleal] JO Uojeinp ayj 4o uofjellsiuiwpe jo Aouanbauy Jaylia In0ge uoiew.oyul
Aue puijjou pip am Inq ‘sisougelp |4] J0 3wl ay3 38 uoisnysued) s93Ad0)NUeI3 e PaAIadal {7 JUSIBY | SDH 4934 XYM € 13UN | ISH 240J9q 93U LIUOW WO} }M B S3WIY 924U} UoiSnysuel) $34d0]nues3 e paniadal g Judlied,
‘Asdoiq

Joj 9]qIssaddeUl paWIsp alam 4T Juaiied pue 4 jusiied Jo sUOISS] Ulelq BU3 ‘SUOSINSOINBU Y} YHM UOISSNISIp 4o}y "saidads |e3uny ay3 Ajuapl 03 Uoida4ul ay3 Jo 39suo ayj Je Asdoiq ulelq e Jusmiapun T juanedp
'9]0ZE1I] 31 |8 01 @2UBISISa] PajuaWNI0op e Aq pauljap sem snipbiwn| 'y 4-2]0zy,

"LDSH 1S€] 8y} pue || JO 32UapIAS |e2130]01qOJdIW ISII} BU} UBIMIS] >m_wog

‘uoaajul |eduny aAlseAul Jo sisougelp a3 a1ojaq Jeak ayl uj,

"3WOo.puAs ssauisip Alojesidsal aInde :5QyYy ‘T SNIIABWOA|04 Uewiny :yg ‘Buiuonipuod A3121x0} padnpaJ aAle|qeojaAw ‘O 1y xapul Aypigowod

oyy1ads-uopnejueldsueds 1192 diatodojewsay J- LJH ‘SpI04a3s0d3i0d ‘91 auidolyieze ‘yzy ‘uoisnjsuedy 93430)nuels ‘19 qiajow sejousydodfw ‘G ‘g upHeloydwe jewosody ‘guyT {(sunnqojSowAys)
E_:@o_m 91£c0wAy3iue ‘9] y douop paiejas paydlewWSIW-YTH ‘YW ‘MOJIBW BUOq ‘g UBISISDI 9]0ZB Y-3)0ZY ‘WaISAS SNOAIBU |eljuad ‘SN ‘aseasip Asupiy d1uoayd ‘ayd .?Huﬂ ﬁ:m_um& SIWI 40 ¥D yum
1DSH Buo84apun sjuaized pue ‘|| 4o (0T-L ﬂcmzm& dd pue (9 Ew:m& dS yum | DSH Sutodiapun syuaiied (-1 syuaied) || 40 dd Yyam 1DSH Buto8iapun sjusized Jo sasia3deIRYD [BNPIAIPUI SBPN)OUI 3)qe) SIY L

2.n2 Jeai3ojoipes

pue jeaiurd

SaA EE SaA SOA SaA SaA SaA SaA ON SaA OoN SaA SaA SaA jualsissad teak-1
asuodsas

1ea130]01pes

- - - - SaA SaA SaA SaA oN SaA oN SaA SaA SaA pue 121Ul ow-¢

To:o_u %) snyes

66 66 16 96 16 86 86 66 - 6 - 66 66 6 wsLawIyd ow-¢
(%) 1oSH
e1ep ON 19 56 JAS 8 6 68 66 - oY - 96 8L 6 49348 ow T 38 YHA
(LDOSH Ja1ye (LDSH J1a14e
Ay SNy SNy MY MY ANy ANy anly 05+ Aep) peaq MY 0T+ Aep) peag Ny Sy Ny SO Jedh1
3awonno
elWala)oeq elwala)oeq
wnipLiso)y pjniojopoyy oN oN oN jjaIsqa)y oN oN elwaguny ON  UONEAI}dEaI ASH SNUIA Yg uoneAIIdEAI AWD DJjalsqa)y  UOIIAYUI | ISH-1S0d
co:o_u § AoEv awn
Juswieal) jedunyue
elep ON € 4 S € T 14 a - 06 14 T 18 1JSH-3s0d
(uorsnjur HSH
-1sod m»mE JSEYNeRET]
a 6l 6¢ 6T [44 s 14 LT - 8T - ot 144 €3ep ON 19123]d Jo AwiIL
(uorsnjur SH
-3s0d sAep) eisede
ST 0C ST 91 T LT ST €C - €1 - 144 148 LT §O UOIN|OSAL JO DI
SIA SOA SOA SOA SOA S9A S9A S9A oN S9A oN S9A SOA S9A Juawijesdu]
Jww JWW + JWW JWW + JWW JWW JWW JWw JWW JWW
uiodsopi) 4WW + uuodsopry  + uuodsopai) + unodso)i) + uuodsopr)  JWW + utodsopiy + uodsopi) + ulodsopi) + uodsoi) + uodsopi) JWW + uuodsopy  + uuodsopry  sixelAydosd gHAD
vid €1d <d Tid 01d 6d 8d Ld 9d Sd vd €d u d sjuaijed

(panunuo)) 15SH Suro8iapun sjuaijed jo sdi3siia3deIRYD |ENPIAIPU] T 2]qE]

50f11

Journal of Human Immunity
//doi.org/10.70962/jhi.20250164

Bes-Berlandier et al.

https

Clinical outcomes of CGD patients undergoing HSCT after an IMI diagnosis



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

Study Age at the moment IMI Localization Outcome
(reference) of HSCT
(30) Engraftment: Yes
N=1 8 years Aspergillosis with DP Disseminated (lung, skin and muscular) GVHD: No
Cured of IMl 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  GVHD: 2/4
bones involvement, two disseminated infections .
. : > Cured and alive: 1/4°
with lung and CNS involvement, one pneumonia

(13) Engraftment: Yes go
35
N=1 20 years S. apiospermum infection with DP  Disseminated (lung and paraspinal) GVHD: No g
Cured and alive: no® %
(31) Engraftment: Yes i
N=1 18 years S. apiospermum infection with DP  Paraspinal abscess GVHD: No g
Cured and alive: No® §
(32) Engraftment: Yes é
N=1 8 years Aspergillosis with DP Disseminated (lung + vertebrae) GVHD: grade Ill gut + liver g’
Cured and alive: Yes i
(33) Engraftment: Yes? §
N=1 3 years Aspergillosis with DP Disseminated (lung + CNS) GVHD: grade I %
Cured and alive: Yes %
(34) Engraftment: 7/9 §
N=9 MA: 2 years [2-3] Aspergillosis with CR Lung GVHD: 2/9 E
Cured and alive: 6/9¢ ';
N
(35) Two pneumonias Engraftment: 2/3 3
N=3 15,17,and 21 years  Two aspergillosis with CRand ~ One disseminated infection (brain; kidney) GVHD: 1/3 (grade 2 skin) -'-g
one aspergillosis with DP Cured and alive: 2/3° g
(36) Engraftment: Yes i
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 Pneumonia GVHD: No

about infection stage) Cured and aljve: Yes

(39) Engraftment: 2/28

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

(40) Engraftment: Yes"

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

Cured and alive: Yes
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Table 3. Literature review of reported cases of CGD patients undergoing HSCT after an IMI diagnosis (Continued)

Study Age at the moment IMI Localization Outcome
(reference) of HSCT
(23) Engraftment: 11/11
N =11 MA: 14 years [13-16] . apiospermum infection with DP Two disseminated infections (one bones + lung; GVHD: 1/11
one CNS + lung), nine pneumonias Cured and alive: 10/11
(29) Engraftment: Yes
N=1 12 years Aspergillosis with DP Pericarditis GVHD: grade 2 Gl
Cured and alive: Yes
(29) Engraftment: Yes
N=1 26 years Two aspergillosis with DP Pneumonia with contiguous osteomyelitis GVHD: grade 2 Gl
Cured and alive: Yes
(41) Engraftment: 2/2)
N=2 1and 11 years Aspergillosis with CR One disseminated infection (no information GVHD: 0
about localization)1 Cured and alive: 2/2
(42) Engraftment: Yes
N=1 5 years Two scedosporiosis with SRk and  Pneumonia GVHD: grade 2 Gl
four aspergillosis with SRk Cured and alive: Yes
(43) Engraftment: 13/13
N =13 MA: 18 [5-25] Seven aspergillosis with DP Six pneumonias, five disseminated diseases, one GVHD: 4/13
spinal abscess, and one muscular abscess 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; Gl, 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.

The patient succumbed to a complication of tracheostomy 73 days after transplantation.

9The patient had an HSCT failure following a first HSCT with reduced toxicity conditioning.

€One 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.

80ne 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.

‘One patient with IPA died from a steroid-refractory acute GVHD of grade IlI-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.

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

Bes-Berlandier et al.
Clinical outcomes of CGD patients undergoing HSCT after an IMI diagnosis

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,
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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.

Bes-Berlandier et al.
Clinical outcomes of CGD patients undergoing HSCT after an IMI diagnosis
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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 x 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 2500/pl.
Time of platelet recovery was defined as the first of three
consecutive days with a platelet count of 20,000/l 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 IMIand
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.
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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.

Acknowledgments

We thank Virginie Courteille for her involvement in setting up
and coordinating the CEREDIH. Graphical abstract was created
in biorender.com.

Author contributions: Hugo Bes-Berlandier: formal analysis
and writing—original draft. Olivier Paccoud: conceptualization
and writing—review and editing. Benedicte Neven: concep-
tualization, data curation, investigation, supervision, and
writing—review and editing. Marie Elisabeth Bougnoux: data
curation and resources. Emilie Sitterlé: writing—review and
editing. Ambroise Marcais: resources. Morgane Cheminant: re-
sources and writing—review and editing. Despina Moshous:
resources. Rinzine Sammut: data curation. Pierre Simon Rohr-
lich: investigation, validation, and writing—review and editing.
Nizar Mahlaoui: resources, validation, and writing—review and
editing. Olivier Lortholary: conceptualization and writing—
review and editing. Felipe Suarez: data curation, resources,
and validation. Fanny Lanternier: conceptualization, data cura-
tion, formal analysis, investigation, methodology, project ad-
ministration, software, supervision, validation, visualization,
and writing—review and editing.

Disclosures: D. Moshous reported being a member of the Exec-
utive Committee of the International Alliance for Primary Im-
munodeficiency Societies (IAPIDS), which is a co-owner of the
Journal of Human Immunity. No other disclosures were reported.

Submitted: 23 July 2025
Revised: 17 January 2026
Accepted: 10 February 2026

References

. Thomsen, I.P., M.A. Smith, S.M. Holland, and C.B. Creech. 2016. A
comprehensive approach to the management of children and adults with
chronic granulomatous disease. J. Allergy Clin. Immunol. Pract. 4:
1082-1088. https://doi.org/10.1016/j.jaip.2016.03.021

2.King, J., S.S.V. Henriet, and A. Warris. 2016. Aspergillosis in

chronic granulomatous disease. J. Fungi. 2:15. https://doi.org/10

.3390/j0f2020015

Henriet, S., P.E. Verweij, S.M. Holland, and A. Warris. 2013. Inva-

sive fungal infections in patients with chronic granulomatous dis-

ease. Adv. Exp. Med. Biol. 764:27-55. https://doi.org/10.1007/978-1

-4614-4726-9_3

4. Martire, B., R. Rondelli, A. Soresina, C. Pignata, T. Broccoletti, A. Fi-
nocchi, P. Rossi, M. Gattorno, M. Rabusin, C. Azzari, et al. 2008. Clinical
features, long-term follow-up and outcome of a large cohort of patients
with chronic granulomatous disease: An Italian multicenter study. Clin.
Immunol. 126:155-164. https://doi.org/10.1016/j.clim.2007.09.008

. Blumental, S., R. Mouy, N. Mahlaoui, M.-E. Bougnoux, M. Debr¢, J.
Beauté, O. Lortholary, S. Blanche, and A. Fischer. 2011. Invasive mold
infections in chronic granulomatous disease: A 25-year retrospective
survey. Clin. Infect. Dis. 53:e159-€169. https://doi.org/10.1093/cid/cir731

. Winkelstein, J.A., M.C. Marino, R.B. Johnston, J. Boyle, J. Curnutte,
J.I. Gallin, H.L. Malech, S.M. Holland, H. Ochs, P. Quie, et al. 2000.
Chronic granulomatous disease. Report on a national registry of 368

—

kel

wu

(<)}

Journal of Human Immunity
https://doi.org/10.70962/jhi.20250164

920z Yoie £0 uo 3senb Aq 4pdv910520Z 1Ul/628.202/¥91062028/E/Z/3pd-ajone/yl/Bio sseidny/:dpy wouy pepeojumoq

9of1l


mailto:fanny.lanternier@aphp.fr
http://biorender.com
https://doi.org/10.1016/j.jaip.2016.03.021
https://doi.org/10.3390/jof2020015
https://doi.org/10.3390/jof2020015
https://doi.org/10.1007/978-1-4614-4726-9_3
https://doi.org/10.1007/978-1-4614-4726-9_3
https://doi.org/10.1016/j.clim.2007.09.008
https://doi.org/10.1093/cid/cir731

~

(o]

10

1L

jary

12.

13.

14.

15.

16.

1

~

18.

19.

20.

patients. Medicine. 79:155-169. https://doi.org/10.1097/00005792
-200005000-00003

. Jones, L.BK.R., P. McGrogan, T.J. Flood, A.R. Gennery, L. Morton, A.

Thrasher, D. Goldblatt, L. Parker, and A.J. Cant. 2008. Special article:
Chronic granulomatous disease in the United Kingdom and Ireland: A
comprehensive national patient-based registry. Clin. Exp. Immunol. 152:
211-218. https://doi.org/10.1111/j.1365-2249.2008.03644.x

. Guery, R., B. Pilmis, B. Dunogue, S. Blanche, O. Lortholary, and F.

Lanternier. 2019. Non-Aspergillus fungal infections in chronic
granulomatous disease. Curr. Fungal Infect. Rep. 13:59-66. https://
doi.org/10.1007/s12281-019-00339-5

. Dunogué, B., B. Pilmis, N. Mahlaoui, C. Elie, H. Coignard-Biehler, K.

Amazzough, N. Noél, H. Salvator, E. Catherinot, L.-J. Couderc, et al. 2017.
Chronic granulomatous disease in patients reaching adulthood: A na-
tionwide study in France. Clin. Infect. Dis. 64:767-775. https://doi.org/10
.1093/cid/ciw837

. Cheminant, M., T.A. Fox, M. Alligon, O. Bouaziz, B. Neven, D. Moshous,

S. Blanche, A. Guffroy, C. Fieschi, M. Malphettes, et al. 2023. Allogeneic
stem cell transplantation compared to conservative management in
adults with inborn errors of immunity. Blood. 141:60-71. https://doi.org/
10.1182/blood.2022015482

Dedieu, C., M.H. Albert, N. Mahlaoui, F. Hauck, C. Hedrich, U. Baumann,
K. Warnatz, J. Roesler, C. Speckmann, . Schulte, et al. 2021. Outcome of
chronic granulomatous disease - conventional treatment vs stem cell
transplantation. Pediatr. Allergy Immunol. 32:576-585. https://doi.org/10
.1111/pai.13402

Chiesa, R., J. Wang, H.-]. Blok, S. Hazelaar, B. Neven, D. Moshous, A.
Schulz, M. Hoenig, F. Hauck, A. Al Seraihy, et al. 2020. Hematopoietic
cell transplantation in chronic granulomatous disease: A study of 712
children and adults. Blood. 136:1201-1211. https://doi.org/10.1182/blood
.2020005590

Seger, R.A., T. Gungor, B.H. Belohradsky, S. Blanche, P. Bordigoni, P. Di
Bartolomeo, T. Flood, P. Landais, S. Miiller, H. Ozsahin, et al. 2002.
Treatment of chronic granulomatous disease with myeloablative condi-
tioning and an unmodified hemopoietic allograft: A survey of the Euro-
pean experience, 1985-2000. Blood. 100:4344-4350. https://doi.org/10
.1182/blood-2002-02-0583

Donnelly, J.P., S.C. Chen, C.A. Kauffman, W.]. Steinbach, J.W. Baddley,
P.E. Verweij, C.J. Clancy, J.R. Wingard, S.R. Lockhart, A.H. Groll, et al.
2020. Revision and update of the consensus definitions of invasive fungal
disease from the European Organization for Research and Treatment of
Cancer and the Mycoses Study Group Education and Research Consor-
tium. Clin. Infect. Dis. 71:1367-1376. https://doi.org/10.1093/cid/ciz1008
Bacigalupo, A., K. Ballen, D. Rizzo, S. Giralt, H. Lazarus, V. Ho, J. Ap-
perley, S. Slavin, M. Pasquini, B.M. Sandmaier, et al. 2009. Defining the
intensity of conditioning regimens: Working definitions. Biol. Blood
Marrow Transplant. 15:1628-1633. https://doi.org/10.1016/j.bbmt.2009
.07.004

Le Bourgeois, A., M. Labopin, D. Blaise, P. Ceballos, S. Vigouroux, R.
Peffault de Latour, A. Marcais, C.E. Bulabois, ].O. Bay, S. Chantepie, et al.
2017. Reduced-intensity versus reduced-toxicity myeloablative fludar-
abine/busulfan-based conditioning regimens for allografted non-
Hodgkin lymphoma adult patients: a retrospective study on behalf of
the Société Francophone de Greffe de Moelle et de Thérapie Cellulaire.
Ann. Oncol. 28:2191-2198. https://doi.org/10.1093/annonc/mdx274

. Kharfan-Dabaja, M.A., M. Labopin, A. Bazarbachi, R.M. Hamladji, D.

Blaise, G. Socié, B. Lioure, A. Bermudez, L. Lopez-Corral, et al. 2014.
Comparing i.v. BU dose intensity between two regimens (FB2 vs FB4) for
allogeneic HCT for AML in CRI: A report from the acute Leukemia
working party of EBMT. Bone Marrow Transplant 49:1170-1175. https://
doi.org/10.1038/bmt.2014.133

Alizadeh, M., M. Bernard, B. Danic, C. Dauriac, B. Birebent, C. Lapart, T.
Lamy, P.-Y. Le Prisé, A. Beauplet, D. Bories, et al. 2002. Quantitative
assessment of hematopoietic chimerism after bone marrow transplan-
tation by real-time quantitative polymerase chain reaction. Blood. 99:
4618-4625. https://doi.org/10.1182/blood.v99.12.4618

Sureda, A., P.A. Carpenter, A. Bacigalupo, V.R. Bhatt, . de la Fuente, A.
Ho, L. Kean, J.W. Lee, I. Sinchez-Ortega, B.N. Savani, et al. 2024. Har-
monizing definitions for hematopoietic recovery, graft rejection, graft
failure, poor graft function, and donor chimerism in allogeneic hema-
topoietic cell transplantation: A report on behalf of the EBMT, ASTCT,
CIBMTR, and APBMT. Bone Marrow Transplant. 59:832-837. https://doi
.org/10.1038/s41409-024-02251-0

Glucksberg, H., R. Storb, A. Fefer, C.D. Buckner, P.E. Neiman, R.A. Clift,
K.G. Lerner, and E.D. Thomas. 1974. Clinical manifestations of graft-

Bes-Berlandier et al.

Clinical outcomes of CGD patients undergoing HSCT after an IMI diagnosis

2

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

—

32.

33.

versus-host disease in human recipients of marrow from HL-A-matched
sibling donors. Transplantation. 18:295-304. https://doi.org/10.1097/
00007890-197410000-00001

. Segal, B.H., R. Herbrecht, D.A. Stevens, L. Ostrosky-Zeichner, J. Sobel, C.

Viscoli, T.J. Walsh, J. Maertens, T.F. Patterson, J.R. Perfect, et al. 2008.
Defining responses to therapy and study outcomes in clinical trials of
invasive fungal diseases: Mycoses Study Group and European Organi-
zation for Research and Treatment of Cancer Consensus Criteria. Clin.
Infect. Dis. 47:674-683. https://doi.org/10.1086/590566

Margais, A., N. Mahlaoui, B. Neven, F. Lanternier, E. Catherinot, H.
Salvator, M. Cheminant, M. Jeljeli, V. Asnafi, P. van Endert, et al. 2022.
Curative allogeneic hematopoietic stem cell transplantation following
reduced toxicity conditioning in adults with primary immunodeficiency.
Bone Marrow Transplant. 57:1520-1530. https://doi.org/10.1038/s41409
-022-01739-x

Giingor, T., P. Teira, M. Slatter, G. Stussi, P. Stepensky, D. Moshous, C.
Vermont, I. Ahmad, P.J. Shaw, ].M. Telles da Cunha, et al. 2014. Reduced-
intensity conditioning and HLA-matched haemopoietic stem-cell trans-
plantation in patients with chronic granulomatous disease: A prospective
multicentre study. Lancet. 383:436-448. https://doi.org/10.1016/S0140
-6736(13)62069-3

Alonso Garcia, L., D. Bueno Sanchez, J.M. Fernandez Navarro, A. Reg-
ueiro Garcia, M. Blanquer Blanquer, M.1. Benitez Carabante, Y. Mozo Del
Castillo, J.L. Fuster Soler, M.L. Uria Oficialdegui, L. Sisinni, et al. 2024.
Hematopoietic stem cell transplantation in children with chronic gran-
ulomatous disease: The Spanish experience. Front. Immunol. 15:1307932.
https://doi.org/10.3389/fimmu.2024.1307932

Leiding, J.W., D.E. Arnold, S. Parikh, B. Logan, R.A. Marsh, L.M. Griffith,
R. Wu, S.Kidd, K. Mallhi, D. Chellapandian, et al. 2023. Genotype, oxidase
status, and preceding infection or autoinflammation do not affect allo-
geneic HCT outcomes for CGD. Blood. 142:2105-2118. https://doi.org/10
.1182/blood.2022019586

Riller, Q., M. Hauri, S.H. Lum, J. Knippenberg, T. Sirait, A. Laberko, K.
Halahleh, H. Hashem, M. Karakukcu, H. Sengeloev, et al. 2025. HLA-
Haploidentical stem cell transplantation for chronic granulomatous
disease: An EBMT-IEWP retrospective study. Blood. 145:2518-2527.
https://doi.org/10.1182/blood.2024026915

Takanashi, M., Y. Atsuta, K. Fujiwara, H. Kodo, S. Kai, H. Sato, M. Koh-
saki, H. Azuma, H. Tanaka, A. Ogawa, et al. 2010. The impact of anti-HLA
antibodies on unrelated cord blood transplantations. Blood. 116:
2839-2846. https://doi.org/10.1182/blood-2009-10-249219

Bielorai, B., A. Toren, B. Wolach, M. Mandel, H. Golan, Y. Neumann, C.
Kaplinisky, M. Weintraub, N. Keller, N. Amariglio, et al. 2000. Successful
treatment of invasive aspergillosis in chronic granulomatous disease by
granulocyte transfusions followed by peripheral blood stem cell trans-
plantation. Bone Marrow Transplant. 26:1025-1028. https://doi.org/10
.1038/sj.bmt.1702651

Parta, M., D. Hilligoss, C. Kelly, N. Kwatemaa, N. Theobald, C.S. Zerbe,
S.M. Holland, H.L. Malech, and E.M. Kang. 2020. Failure to prevent se-
vere graft-versus-host disease in haploidentical hematopoietic cell
transplantation with post-transplant cyclophosphamide in chronic
granulomatous disease. J. Clin. Immunol. 40:619-624. https://doi.org/10
.1007/510875-020-00772-z

Ozsahin, H., M. von Planta, I. Miiller, H.C. Steinert, D. Nadal, R.
Lauener, P. Tuchschmid, U.V. Willi, M. Ozsahin, N.E. Crompton,
and R.A. Seger. 1998. Successful treatment of invasive aspergillosis
in chronic granulomatous disease by bone marrow transplantation,
granulocyte colony-stimulating factor-mobilized granulocytes,
and liposomal amphotericin-B. Blood. 92:2719-2724.

Gompels, M.M., C.A. Bethune, G. Jackson, and G.P. Spickett. 2002. Sce-
dosporium apiospermum in chronic granulomatous disease treated with
an HLA matched bone marrow transplant. J. Clin. Pathol. 55:784-786.
https://doi.org/10.1136/jcp.55.10.784

Sastry, J., A. Kakakios, H. Tugwell, and P.J. Shaw. 2006. Allogeneic bone
marrow transplantation with reduced intensity conditioning for chronic
granulomatous disease complicated by invasive Aspergillus infection.
Pediatr. Blood Cancer. 47:327-329. https://doi.org/10.1002/pbc.20865
Klaudel-Dreszler, M.A., K. Kalwak, M. Kurenko-Deptuch, B. Wolska-
Kusnierz, E. Heropolitanska-Pliszka, B. Pietrucha, B. Mikoluc, E. Gorc-
zynska, M. Ussowicz, A. Chybicka, and E. Bernatowska. 2009.
Treosulfan-based conditioning regimen in a second matched unrelated
peripheral blood stem cell transplantation for a pediatric patient with
CGD and invasive aspergillosis, who experienced initial graft failure
after RIC. Int. J. Hematol. 90:571-575. https://doi.org/10.1007/s12185
-009-0433-z

Journal of Human Immunity
https://doi.org/10.70962/jhi.20250164

920z Yoie £0 uo 3senb Aq 4pdv910520Z 1Ul/628.202/¥91062028/E/Z/3pd-ajone/yl/Bio sseidny/:dpy wouy pepeojumoq

10 of 11


https://doi.org/10.1097/00005792-200005000-00003
https://doi.org/10.1097/00005792-200005000-00003
https://doi.org/10.1111/j.1365-2249.2008.03644.x
https://doi.org/10.1007/s12281-019-00339-5
https://doi.org/10.1007/s12281-019-00339-5
https://doi.org/10.1093/cid/ciw837
https://doi.org/10.1093/cid/ciw837
https://doi.org/10.1182/blood.2022015482
https://doi.org/10.1182/blood.2022015482
https://doi.org/10.1111/pai.13402
https://doi.org/10.1111/pai.13402
https://doi.org/10.1182/blood.2020005590
https://doi.org/10.1182/blood.2020005590
https://doi.org/10.1182/blood-2002-02-0583
https://doi.org/10.1182/blood-2002-02-0583
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1016/j.bbmt.2009.07.004
https://doi.org/10.1016/j.bbmt.2009.07.004
https://doi.org/10.1093/annonc/mdx274
https://doi.org/10.1038/bmt.2014.133
https://doi.org/10.1038/bmt.2014.133
https://doi.org/10.1182/blood.v99.12.4618
https://doi.org/10.1038/s41409-024-02251-0
https://doi.org/10.1038/s41409-024-02251-0
https://doi.org/10.1097/00007890-197410000-00001
https://doi.org/10.1097/00007890-197410000-00001
https://doi.org/10.1086/590566
https://doi.org/10.1038/s41409-022-01739-x
https://doi.org/10.1038/s41409-022-01739-x
https://doi.org/10.1016/S0140-6736(13)62069-3
https://doi.org/10.1016/S0140-6736(13)62069-3
https://doi.org/10.3389/fimmu.2024.1307932
https://doi.org/10.1182/blood.2022019586
https://doi.org/10.1182/blood.2022019586
https://doi.org/10.1182/blood.2024026915
https://doi.org/10.1182/blood-2009-10-249219
https://doi.org/10.1038/sj.bmt.1702651
https://doi.org/10.1038/sj.bmt.1702651
https://doi.org/10.1007/s10875-020-00772-z
https://doi.org/10.1007/s10875-020-00772-z
https://doi.org/10.1136/jcp.55.10.784
https://doi.org/10.1002/pbc.20865
https://doi.org/10.1007/s12185-009-0433-z
https://doi.org/10.1007/s12185-009-0433-z

34.

35.

36.

37.

38.

39.

Schuetz, C., M. Hoenig, S. Gatz, F. Speth, U. Benninghoff, A. Schulz, K.M.
Debatin, and W. Friedrich. 2009. Hematopoietic stem cell transplanta-
tion from matched unrelated donors in chronic granulomatous disease.
Immunol. Res. 44:35-41. https://doi.org/10.1007/s12026-008-8068-3
Soncinj, E., M.A. Slatter, L.B.K.R. Jones, S. Hughes, S. Hodges, T.J. Flood,
D. Barge, G.P. Spickett, G.H. Jackson, M.P. Collin, et al. 2009. Unrelated
donor and HLA-identical sibling haematopoietic stem cell transplanta-
tion cure chronic granulomatous disease with good long-term outcome
and growth. Br. J. Haematol. 145:73-83. https://doi.org/10.1111/j.1365-2141
.2009.07614.x

Kato, K., Y. Kojima, C. Kobayashi, K. Mitsui, R. Nakajima-Yamaguchi, K.
Kudo, T. Yanai, A. Yoshimi, T. Nakao, T. Morio, et al. 2011. Successful
allogeneic hematopoietic stem cell transplantation for chronic granu-
lomatous disease with inflammatory complications and severe infection.
Int. ]. Hematol. 94:479-482. https://doi.org/10.1007/512185-011-0932-6
Gozdzik, J., A. Pituch-Noworolska, S. Skoczen, W. Czogata, A.
Wedrychowicz, J. Baran, A. Krasowska-Kwiecienl, O. Wiecha, and M.
Zembala. 2011. Allogeneic haematopoietic stem cell transplantation as
therapy for chronic granulomatous disease--single centre experience.
J. Clin. Immunol. 31:332-337. https://doi.org/10.1007/510875-011-9513-y
Martinez, C.A., S. Shah, W.T. Shearer, H.M. Rosenblatt, ML.E. Paul, J.
Chinen, K.S. Leung, A. Kennedy-Nasser, M.K. Brenner, H.E. Heslop, et al.
2012. Excellent survival after sibling or unrelated donor stem cell
transplantation for chronic granulomatous disease. J. Allergy Clin. Im-
munol. 129:176-183. https://doi.org/10.1016/j.jaci.2011.10.005

Ahlin, A., J. Fugeldng, M. de Boer, O. Ringden, A. Fasth, and J. Winiarski.
2013. Chronic granulomatous disease-haematopoietic stem cell trans-
plantation versus conventional treatment. Acta Paediatr. 102:1087-1094.
https://doi.org/10.1111/apa.12384

Bes-Berlandier et al.

Clinical outcomes of CGD patients undergoing HSCT after an IMI diagnosis

40.

41.

—

Shigemura, T., Y. Nakazawa, K. Yoshikawa, K. Hirabayashi, S. Saito, N.
Kobayashi, K. Sakashita, M. Shiohara, T. Wada, S. Shimodaira, et al. 2014.
Successful cord blood transplantation after repeated transfusions of
unmobilized neutrophils in addition to antifungal treatment in an infant
with chronic granulomatous disease complicated by invasive pulmonary
aspergillosis. Transfusion. 54:516-521. https://doi.org/10.1111/trf.12325
Dedieu, C., S. Landwehr-Kenzel, S. Thee, L. Oevermann, S. Voigt, K.
Marggraf, J. Schulte, S. Lau, ]. Roesler, J.-S. Kuehl, and H. von Bernuth.
2021. Hematopoietic stem cell transplantation cures therapy-refractory
aspergillosis in chronic granulomatous disease. Pediatr. Infect. Dis. J. 40:
649-654. https://doi.org/10.1097/INF.0000000000003109

42. Janjindamai, C., W. Manuyakorn, U. Anurathapan, S. Pakakasama, D.

43.

44.

Wattanasirichaigoon, W. Kamchaisatian, S. Benjaponpitak, and S. Hon-
geng. 2022. Successful haploidentical hematopoietic stem cell trans-
plantation with post-transplant cyclophosphamide in a child with
X-linked chronic granulomatous disease: A first report in Asia. Asian
Pac. J. Allergy Immunol. 40:278-282. https://doi.org/10.12932/AP-290419
-0551

Kline, A., M. Parta, . Cuellar-Rodriguez, J. Gea-Banacloche, C. Kelly, S.
Pittaluga, C.S. Zerbe, S.M. Holland, H.L. Malech, and E.M. Kang. 2025.
Outcomes in hematopoetic cell transplantation in the setting of mold
infections in patients with chronic granulomatous disease. Bone Marrow
Transplant. 60:191-200. https://doi.org/10.1038/s41409-024-02389-x
Lefevre, L., O. Paccoud, B. Neven, M.-E. Bougnoux, M. Alligon, J. Bru-
neau, A. Fischer, D. Moshous, J. Bustamante, C. Picard, et al. 2025.
Consecutive non-Aspergillus fungal invasive infections in chronic
granulomatous disease: Data from the French national reference center
for primary ImmunoDeficiencies and literature review. J. Clin. Immunol.
45:152. https://doi.org/10.1007/s10875-025-01903-0

Journal of Human Immunity
https://doi.org/10.70962/jhi.20250164

920z Yoie £0 uo 3senb Aq 4pdv910520Z 1Ul/628.202/¥91062028/E/Z/3pd-ajone/yl/Bio sseidny/:dpy wouy pepeojumoq

11of11


https://doi.org/10.1007/s12026-008-8068-3
https://doi.org/10.1111/j.1365-2141.2009.07614.x
https://doi.org/10.1111/j.1365-2141.2009.07614.x
https://doi.org/10.1007/s12185-011-0932-6
https://doi.org/10.1007/s10875-011-9513-y
https://doi.org/10.1016/j.jaci.2011.10.005
https://doi.org/10.1111/apa.12384
https://doi.org/10.1111/trf.12325
https://doi.org/10.1097/INF.0000000000003109
https://doi.org/10.12932/AP-290419-0551
https://doi.org/10.12932/AP-290419-0551
https://doi.org/10.1038/s41409-024-02389-x
https://doi.org/10.1007/s10875-025-01903-0

Supplemental material

Provided online is Table S1. Table S1 shows the characteristics of 75 CGD patients who had HSCT according to “prior IMI in last
2 years” status

Bes-Berlandier et al. Journal of Human Immunity
Clinical outcomes of CGD patients undergoing HSCT after an IMI diagnosis https://doi.org/10.70962/jhi.20250164

S1

920z Yoie £0 uo 3senb Aq 4pdv910520Z 1Ul/628.202/¥91062028/E/Z/3pd-ajone/yl/Bio sseidny/:dpy wouy pepeojumoq



	Hematopoietic stem cell transplantation following invasive mold infection in chronic granulomatous disease: Insights from a ...
	Introduction
	Results
	Characteristics of the 14 patients undergoing HCST after an IMI diagnosis (Tables 1 and 2)
	Literature review (Table 3)

	Discussion
	Conclusion

	Materials and methods
	Patients and definitions
	Study objectives
	Data collection
	Literature review
	Statistical analyses
	Online supplemental material

	Ethics
	Acknowledgments
	References

	Outline placeholder
	Supplemental material
	Outline placeholder
	Provided online is Table S1. Table S1 shows the characteristics of 75 CGD patients who had HSCT according to “prior IMI in  ...




