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ABSTRACT
The intestinal microbiota plays a key role in the pathogenesis of acute graft-versus-host disease (aGVHD).
High-dose conditioning regimens given prior to allogeneic hematopoietic stem cell transplantation
(aHSCT) modulate the composition of gut microbiota and damage the gut epithelial barrier, resulting in
increased systemic inflammation. We assessed whether gut decontamination with antibiotics (ATB) prior
to aHSCT influenced the frequency of aGVHD and mortality in 500 patients from two Canadian centers
between 2005 and 2012. The rate of grade II–IV aGVHD was higher in the ATB arm compared with the arm
without ATB (42% vs 28%; p < 0.001). This difference was mainly driven by a 2-fold higher rate of grade
II–IV gastrointestinal aGVHD (GI-GVHD) in the ATB arm compared with the arm without ATB (20.7% vs
10.8%; p D 0.003). Multivariate analyses adjusted for known aGVHD risk factors revealed that more
patients in the ATB group developed clinically significant GI-GVHD and liver aGVHD; adjusted odds ratio
(aOR) D 1.83; p D 0.023 and aOR D 3.56; p D 0.047, respectively. Importantly, median overall survival (OS)
was significantly lower in the group receiving ATB and the OS at 10 y remained decreased in the ATB
group; adjusted hazard ratio (aHR) D 1.61 (p < 0.001).

Without undermining the role of ATB prophylaxis to prevent infection in aHSCT, we have shown that the
use of ATB that targets intestinal bacteria is associated with a more severe aGVHD that involves the GI
organs and impacts OS. Prospective studies that evaluate the contribution of bacterial decontamination to
aGVHD are warranted.

Abbreviations: aGVHD, acute graft-versus-host disease; aHR, adjusted hazard ratio; aHSCT, allogeneic hematopoietic
stem cell transplantation; aOR, adjusted odds ratio; ATB, antibiotics; DC, dendritic cells; GI-GVHD, gastrointestinal
GVHD; IEC, intestinal epithelial cells; LPS, lipopolysaccharide; MAMPs, microbe-associated molecular patterns; OS,
overall survival; PAMPs, pathogen-associated molecular patterns; PRR, pathogen recognition receptors; ST2, sup-
pression of tumorigenicity 2; SCTAs, short-chain fatty acids
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Introduction

Microbes present in the human gastrointestinal (GI) tract are
1.3 times more than thee human cells in the body.1 The com-
plex interactions between theses microbes, known as the intes-
tinal microbiota, and the host contribute to immune system
homeostasis; this relationship is the focus of a growing number
of cancer therapy research initiatives.1-3 In allogeneic
hematopoietic stem cell transplantation (aHSCT), acute graft-
versus-host disease (aGVHD) remains the principal hurdle for
favorable patient outcome. In early the stages of aGVHD, the
disruption of the GI barrier caused by the conditioning regimen
results in the leakage of bacterial lipopolysaccharide (LPS) and
other microbe/pathogen-associated molecular patterns
(MAMPS and PAMPs) into the systemic circulation.4 This
translocation triggers the secretion of proinflammatory

cytokines such as tumor necrosis factor (TNF) and interleukins
1 and 6 (IL1 and IL6). The donor T cells recruited into host
organs by these cytokines are responsible for the aGVD
complications.5,6

This intertwined host–microbiota relationship has pushed the
scientific community to identify strategies to control the influence
of bacteria on aGVHD. Pioneering experiments in which germ-free
mice housed in sterile conditions or mice treated with antibiotics
developed less severe aGVHD following aHSCT identified the troll
of themicrobiota as an independent contributor to the pathogenesis
of aGVHD.7 Similarly, the incidence of aGVHD was reduced in
monkeys that had undergone bacterial decontamination prior to
aHSCT.8 However, the concept that gut decontamination prevents
aGVHD following aHSCT in human is controversial given that
clinical trials have failed to demonstrate consistent benefits.9,10
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The gut microbiota may also contribute to the therapeutic
response to chemotherapy by mechanisms, which involve bac-
terial translocation, inflammation, and adaptive immunity.11,12

Therapy with cyclophosphamide disrupts the gut epithelial
barrier to allow bacterial translocation into the blood of gram-
positive bacteria such as Enteroccocus hirae. This promotes the
upregulation of pathogenic T-helper 17 cells and modulates
antitumoral activity.11,13 Furthermore, cyclophosphamide
induces gut dysbiosis and inverses the Firmicutes to Bacter-
oides ratio, thus, promoting a new microbiota signature which
might influence the immune response.14

In addition, changes of the microbiota may influence the
outcome of aHSCT by other mechanisms. Recent studies found
that low bacterial diversity had significant impact on trans-
plant-related mortality. This increased mortality appeared to be
related to an increased risk of infections and of more severe
aGVHD.15,16 Furthermore, in aHSCT, delayed lymphopenia is
considered to be one of the key factors which predict the
incidence of aGVHD.17,18 However, it remains unknown if
lymphocyte recovery is influenced by the changes in the
composition of the microbiota that are caused by prophylactic
ATB treatment.

Given the fragile balance between the composition of the
microbiota and the health of the host, the question of whether it
is beneficial to manipulate the gut microbiota with prophylactic
ATB is a conundrum. Although some experts from transplant
centers continue to reduce bacterial colonization prior to aHSCT,
others have stopped doing so. In order to gain insight into this
issue, we conducted a retrospective study of patients who had
undergone aHSCT in two transplant centers in the province of
Quebec (Canada); these patients differed with respect to whether
they had received ATB to decontaminate the gut before undergo-
ing aHSCT. We assessed the effect of ATB prophylaxis prior to
allogeneic stem cell infusion on the frequency and severity of
aGVHD and its impact on overall survival (OS).

Results

A total of 602 patient charts were reviewed. A total of 58
patients were excluded as a result of missing data and 44 met at
least one of the exclusion criteria. In total, 500 patients were
included in the study (HMR D 376 and CHUQ D 124), with
nD 239 in the ATB and nD 261 in the no ATB group (Table 1).

Both groups were equally distributed for age and sex.
Median age was 51.6 y (IQR: 18–69) in the ATB arm and
49.9 y (IQR 16–70) in the no ATB arm (p D 0.263). Stem cell
source differed in both populations, with the ATB group receiv-
ing more bone marrow and cord cells than the no ATB group
who most frequently collected from donor peripheral blood
(88.1%; p D 0.015). Conditioning regimens intensity was also
different between the two groups; the ATB treated patients
received significantly more myeloablative transplant compared
with the group without ATB (67.4% vs 38.7%, respectively; p <
0.001). With respect to donor selection, a lower proportion of
patients in the ATB group had a HLA-matched related donor
(62.3% vs 71.3%; p D 0.04). Accordingly to antibioprophylaxis
guidelines, the ATB group 72.8% received either ciprofloxacin
or moxifloxacin. The remaining patients on ATB were
prescribed trimethoprim–sulfamethoxazole, carbapenem,

levofloxacin, and vancomycin (12.1%, 6.7%, 7.5%, and 0.8%,
respectively).

Contribution of prophylactic antibiotics on the frequency
of aGVHD

Proportion of patients who developed clinically significant
aGVHD (stage II–IV) in ATB group was higher compared with
the no ATB group (42.3% vs 28%; p < 0.001; Fig. 1). Using an
ordinal representation for aGVHD stages, the rate of more
severe aGVHD from stage O to stage IV was significantly
higher in the ATB group. The odds of developing any aGVHD
stage increased (OR D 1.96 [1.41;2.74]; p < 0.001) in patients
receiving ATB compared with the no ATB group. This effect of
higher frequency of aGVHD in the ATB group remained signif-
icant after accounting for clinical parameters (aOR D 1.56
[1.09;2.25]; p D 0.015; Table S1).

Table 1. Demographic characteristics of the allogeneic hematopoietic stem cell
transplant recipients.

Antibiotic therapy

No, n (%) Yes, n (%) p-value

Cohort/transplant center
HMR 195 (74.7) 181 (75.7) 0.795
CHUQ 66 (25.3) 58 (24.3)

Gender
Female 105 (40.2) 94 (39.3) 0.839
Male 156 (59.8) 145 (60.7)

Age group
<50 119 (45.6) 121 (50.6) 0.263
>50 142 (54.4) 118 (49.4)

Stem cell source
Blood 230 (88.1) 187 (78.2) 0.015�

Bone marrow 26 (10.0) 41 (17.2)
Cord 5 (1.9) 11 (4.6)

Donor
Related 186 (71.3) 149 (62.3) 0.003��

Unrelated 75 (28.7) 90 (37.7)
Intensity
Non-myeloablative 160 (61.3) 78 (32.6) <0.001���

Myeloablative 101 (38.7) 161 (67.4)
Regimen
Fludarabine–
cyclophosphamide

104 (40.0) 37 (15.5) <0.001���

Fludarabine–melphalan 10 (3.8) 13 (5.4)
Fludarabine–busulfan(2) 22 (8.5) 26 (10.9)
Fludarabine–busulfan(3) 8 (3.1) 0 (0.0)
Fludarabine–busulfan(4) 8 (3.1) 7 (2.9)
Busulfan–
cyclophosphamide

60 (23.1) 77 (32.2)

Cyclophosphamide–total
body irradiation

31 (11.9) 49 (20.5)

Cyclophosphamide–
cytarabine–topotecan–
busulfan

6 (2.3) 11 (4.6)

Others 11 (4.2) 19 (8.0)
Antibiotics
Ciprofloxacin x 157 (65.7)
Trimethoprim–
sulfamethoxazole

x 29 (12.1)

Levofloxacin x 18 (7.5)
Moxifloxacin x 17 (7.1)
Carbapenem x 16 (6.7)
Vancomycin x 2 (0.8)

�p< 0.05.
��p < 0.01.
���p < 0.001.
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In both GI organs (gastrointestinal tract and liver) more
patients in the ATB group experienced more grade II–IV
aGVHD. In the ATB arm, incidence of GI-GVHD was twice as
high as it was in the no ATB group (20.7% vs 10.8%;
p D 0.003). Severe hepatic aGVHD was documented in 4.3% in
the ATB group vs 1.2% in the counterpart and was represented

by a strong trend (p D 0.055; Fig. 1). The odds of observing GI-
GVHD of grade II or more were found to be almost two times
(2.13 [1.30;3.55]; p D 0.003; aOR D 1.83 [1.08;3.12]; p D 0.023)
in the ATB-treated group (Fig. 2A and Table S2). Similarly, a
positive association between ATB and liver GVHD was
observed (OR D 3.46 [1.11;13.83]; p D 0.047; aOR D 3.38

Figure 1. Incidence of aGVHD and sub-types in patients in the ATB and no ATB groups. (A) Percentage of patients that developed Stage 0–I vs II–IV aGVHD in the ATB and
no ATB groups. (B) Percentage of patients that developped each stage of aGVHD in both groups. (C–E) Percentage of aGVHD sub-types in patients receiving or no ATB for
gastrointestinal-aGVHD, liver-aGVHD, and skin-aGVHD, respectively. Raw p values are shown based on comparaison of aGVHD incidence using a ordinal regression based
on the aGVHD stage. aGVHD: acute graft-versus-host disease, ATB: antibiotics; �p < 0.05, ��p < 0.01,���p < 0.001, ns D not significant.

Figure 2. Forest plots demontrating the impact of antibiotics in aGVHD after multivariable analysis. (A) Association of incidence of GI-GVHD with demographic and clinical
parameters. Measurement of the odds ratio of patients developing GI-aGVHD comparing patients that received ATB or not ATB. After adjusting for the clinical parameters,
patients on ATB develop more severe GI-aGVHD compared with the no ATB group. (B) Forest plot for liver-aGVHD, aOR was higher in the ATB group and they experienced
more liver-aGVHD. Odds ratios are presented adjusting for all relevant clinical parameters, than the one tested. Confidence intervals is censored at 1/10 and 10. Raw p val-
ues are provided. aGVHD: acute graft-versus-host disease, GI: gastrointestinal, ATB: antibiotics, CI: confidence interbal, OR:odds ratio, aOR: adjusted odds ratio, Flu-CY:
fludarabine–cyclophosphamide, Bu-Cy: busulfan–cyclophosphamide, Cy-TBI: cyclophosphamide–total body irradiation, Flu-Bu: fludarabine–busulfan, Flu-Mel:
fludarabine– melphalan, Cat-Bu: cyclophosphamide–cytarabine–topotecan–busulfan; �p < 0.05, ��p < 0.01,���p < 0.001, ns D not significant.
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[1.04;14.04]; p D 0.043; Fig. 2B and Table S3). For skin aGVHD,
the frequency was similar in both groups (data not shown). In
the ATB group there was no aGVHD difference when looking at
each classification of ATB or ATB prescribed either as prophy-
laxis or for treatment. These findings indicate that patients
receiving ATB developed more severe grade II–IV aGVHD
mostly involving GI organs than those without ATB.

Influence of prophylactic antibiotics on transplant survival
outcome

Median survival was estimated to be 5.4 y [3.8;9.1] from the
date of stem cell infusion in the cohort that received ATB and
was not reached in the no ATB arm. Furthermore, the survival
rate at 1 y and 2 y were estimated to be 72.4% [66.9;78.3] and
64.2% [58.4;70.6] in the ATB prophylaxis group and 88.1%
[84.2;92.1] and 80.6% [75.9;85.6] for its counterpart (p < 0.001;
Figs. 3 and S4) Patients that received ATB prophylaxis pre-
sented with a reduced survival compared with the no ATB
group (HR D 1.61 [1.23;2.10]; p< 0.001) regardless of the clini-
cal characteristics (aHR D 1.35 [1.02;1.79]; p D 0.034; Fig. 4).

Influence of myeloablative conditioning regimens on
survival outcome

Given the relationship between conditioning intensity and
GVHD risk, we determined the impact of ATB on the rate of
aGVHD and OS in the subgroup of patients receiving only
myeloablative regimens. A total of 210 patients received
myeloablative-conditioning regimens, with the following treat-
ments: cyclophosphamide C total body irradiation in ATB arm
n D 31 vs no ATB n D 49, busulfan C cyclophosphamide ATB
n D 77 and no ATB n D 60, fludarabine C busulfan ATB n D 7

Figure 4. Decrease overall survival in patients on ATB after multvariable
analysis. (A) Forest plot analysis on overall survival assessing the role of
each clinical parameters and the influence of ATB on HR and aHR. ATB pre-
aHSCT lead to a higher aHR compared with the no ATB group. For each
comparison, HR were adjusted for all other clinical parameters, confidence
intervals were censored at 1/3 and 5. aGVHD: acute graft-versus-host dis-
ease, ATB: antibiotics, CI: confidence interbal, HR: hazard ratio, aHR:
adjusted hazard ratio, Flu-CY: fludarabine–cyclophosphamide, Bu-Cy: busul-
fan–cyclophosphamide, Cy-TBI: cyclophosphamide–total body irradiation,
Flu-Bu: fludarabine–busulfan, Flu-Mel: fludarabine–melphalan, Cat-Bu: cyclo-
phosphamide–cytarabine–topotecan–busulfan; �p < 0.05, ��p < 0.01,���p <

0.001, ns D not significant.

Figure 3. Antibiotics given to patients pre-aHSCT worsen overall survival. (A) Survival analysis by Kaplan–Meier curves of all aHSCT patients either in the ATB or no ATB
group. Day 0 was the day of stem cell infusion. The OS was reduced in patient receiving ATB before their transplant at 1 y, 2 y, and 10 y. (B) Survival analysis by Kaplan–
Meier cruves of patients that undergone a myeloablative aHSCT and either received or not ATB before the transplant. OS was reduced in the ATB group at 1 y and 2 y.
Log-rank (Mantel–Cox); �p < 0.05, ��p < 0.01,���p < 0.001, ns D not significant.
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and no ATB n D 8. There was no difference in rate of aGVHD
in both groups but the 1-y and 2- y OS rates were lower in
patients that received ATB (82% vs 69%; p D 0.019 and 76% vs
59%; p D 0.046; Fig. 3). However, when taking the entire fol-
low-up period in the myeloablative subgroup into account,
patients in the ATB arm had a numerically higher overall mor-
tality than those in the no ATB group (aHR D 1.49 [0.96;2.29];
p D 0.074) after adjusting for confounding factors (Fig. S1).

Leukocytes recovery rate at day C14 and correlation with
antibiotics

Taking into consideration the entire cohort there was a signifi-
cant faster lymphocyte rate recovery at day C14 in the no ATB
group compared with the ATB group ( [0–7.3] and 0.2 [0–5.4],
respectively; p D 0.015). A similar difference was observed
when taking into account the neutrophil count at day C14. The
mean absolute number was 0.6 [0–9.0] in no ATB and 0.3
[0–11.9] the ATB group (p < 0.001; Fig. S2).

Nevertheless, when adjusting for important clinical parame-
ters that strongly influence the engraftment such as condition-
ing intensity and source of the stem cells, there was no
evidence of difference in the no ATB and ATB groups in both
neutrophils and lymphocytes at day C14.

Discussion

aGVHD is an immune disorder affecting organs colonized with
microorganisms and its related mortality remains the most
challenging issue to the wider application of aHSCT.

In this retrospective study, we report that the addition of
prophylactic ATB in a large cohort of patients receiving aHSCT
after both myeloabaltive and non-myeloablative conditioning
regimens significantly increases the rate of clinically significant
aGVHD. Our data reveal that severe GI-GVHD is significantly
increased in patients receiving ATB compared with those who
did not. A similar trend is also observed for liver-GVHD but
not for skin GVHD. Furthermore, multivariate analyses in
myeloablative and non-myeloablative regimens demonstrated
that the positive association between prophylactic ATB and
aGVHD represents an independent risk factor after adjusting
for the known predictors of aGVHD. Similar analysis but
comparing benign aGVHD (grade 0–1) vs deleterious one
(grade II–IV) also demonstrated that ATB independently
increase the rate of GI-GVHD and liver-GVHD. We also exam-
ined the influence of ATB on survival outcome. We determined
that the 1-y and 2-y OS for patients who received prophylactic
ATB was inferior to those not receiving ATB including in the
subgoup of patients receiving myeloablative regimens. Lastly,
the OS was lower in the patients receiving ATB.

This study has several limitations. First, this is a retrospec-
tive study examining aGVHD in two distinct centers. Although
these centers follow national and international guidelines for
transplant indications and both are Foundation for the Accred-
itation of Cellular Therapy (FACT) accredited, we encountered
significant differences in patient characteristics. To overcome
this limitation, we conducted multivariate analyses and forest
plots to adjust for key components involved in aGVHD patho-
genesis. As residual-confounding factors may still persist, a

randomized clinical trial comparing ATB and no ATB in
patients receiving aHSCT would be invaluable. Second, the
analysis did not take into account antibiotics and/or antifungal
medications to treat febrile neutropenia and infection following
stem cell infusion or immunosuppressive agents given for
GVHD prophylaxis and treatment.

Prophylactic ATB administered with conditioning
regimens have a broad-spectrum activity in order to reduce the
risk of gram-negative bacteremia. By targeting multiple bacte-
rial species to prevent infections antibiotics also decrease
microbiota diversity and biomass, which take several weeks to
recover.19-21

Over the last decade, the role of microbiota on aGVHD
development has gained more recognition owing to the develop-
ment of culture-independent DNA sequencing techniques,
which have emerged to play a key role in the accurate identifica-
tion of multiple bacterial species.22 Alteration of microbiota
composition and epithelial barrier dysfunction promote switch
in MAMPs recognition by pathogen recognition receptors
(PRR) on intestinal epithelial cells (IEC) and dendritic cells
(DC).23 Such imbalance between microbes and the host can
lead to the production of proinflammatory cytokines by macro-
phages and activated T cells contributing to the immune
damage observed in GI-GVHD. In addition to the epithelial
damage owing to conditioning regimens, the microbiota compo-
sition and its diversity is altered by (i) antibiotics prescribed for
infection prophylaxis and during episodes of febrile neutropenia,
(ii) fasting due to painful mucositis, and (iii) parenteral
nutrition.

Taur et al. have shown in a prospective clinical trial enroll-
ing 80 patients that low bacterial diversity driven by the use of
antibiotics translates into higher probability of transplants
related death.15 Subsequently, the same group demonstrated
the impact of recipient intestinal flora with high diversity and
the abundance of the genus of Blautia as two independent pro-
tecting factors for aGVHD.16

More recently, Soho et al. reported in a single-center retro-
spective study, an increased GVHD related mortality associated
to broad spectrum ATB used following aHSCT in adults. Feces
composition of patients treated post-aHSCT with piperacillin–
tazobactam was associated with a greater loss of diversity and
most notably loss of Bacteroidetes and Lactobacillus. These
results were further confirmed in a rodent model treated with
different ATB.24

When analyzing the entire cohort, we showed a faster lym-
phocytes and neutrophils recovery at day C14 in the no ATB
group. However, this correlation was not maintained after cor-
rection for other clinical factors that are known to influence
engraftment. As a result, we cannot conclude that the difference
in aGVHD rate in both groups is due to a difference in leuko-
cyte count at day C14 as a direct association with ATB
prescription.

We speculate that the findings of this study favor a model of
depletion of bacteria through the prophylactic use of ATB prior
to stem cell infusion, for the modification of MAMP.25

Furthermore, as each bacterium produces important metab-
olites such as butyrate and kynurenine, a bacterial shift caused
by antibiotics modifies gut metabolomic profile. Enrofloxacin,
another fluroquinolone, dramatically alters the metabolomic
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profile of short-chain fatty acids (SCFAs) in mice and repre-
sents an important modulator of the immune system.26,27

Numerous studies have identified several risk factors for
aGVHD such as source of the stem cell graft, HLA mismatch,
and intensity of the conditioning regimen.28-30

According to recent evidence, the single best biomarker to
predict GVHD is soluble suppression of tumorigenicity 2 (ST2)
secreted by apoptotic or inflamed epithelial cells as a conse-
quence of chemotherapy directly leading to gut toxicity.31 The
“alarmin” IL-33/ST2 axis has recently been delineated to play a
key role in the loss of epithelial integrity caused by microbial
translocation of the mucosal barrier in mice and humans.32-35

Despite this relevant axis, an impact of the microbiota remains
a less well established and controversial risk factor for aGVHD
pathogenesis.36,37

In conclusion, this study highlights the potentially detrimen-
tal role of ATB in aGVHD severity and in OS. Future prospec-
tive studies should be conducted to fully address the issue of
antibioprophylaxis for gut decontamination. To better under-
stand the influence of ATB on aGVHD, these studies should
analyze patient feces using shotgun sequencing metagenomic
approaches. The hematopoietic cell transplantation-comorbid-
ity index, which assesses 17 categories of organ dysfunction,
remains the best predictive score stratifying transplant risk.
Based on the results of our study, it appears that the microbiota
dysbiosis induced by ATB is another risk factor that influences
transplant outcome. We recommend, therefore, that the use of
antibioprophylaxis at the time of conditioning should also be
included as a contributing factor in the hematopoietic cell
transplantation-comorbidity index.

Methods

Patients

We retrospectively identified 602 adult patients who underwent a
single HLA compatible myeloablative or non-myeloabaltive
aHSCT for hematological malignancy between January 2005 and
December 2012 in two academic centers in the province of Que-
bec (Canada): (1) Hôpital Maisonneuve Rosemont (HMR),
Montreal, Canada; and (2) Centre Universitaire de Qu�ebec
(CHUQ), Qu�ebec, Canada. Syngeneic and T-cell depleted haploi-
dentical aHSCT were excluded from this study to prevent further
confounding effect of these factors on the incidence of aGVHD.
Data were extracted from hospital patient records and pharmacy
databases. Each university hospital had implemented its own
pretransplant antibioprophylaxis guideline. At HMR, ciprofloxa-
cin 500 mg twice daily or moxifloxacine 400 mg once daily were
started at initiation of myeloablative and reduced-intensity con-
ditioning regimen for gut decontamination, and were omitted in
patients with fluoroquinolone or penicillin allergy and during
outbreak nosocomial infection outbreaks such as Clostridium dif-
ficile and at time of non-myeloablative transplant. At CHUQ,
gut decontamination was not incorporated in the conditioning
regimens regardless of the intensity. However, patients who initi-
ated ATB at any time from the beginning of the conditioning
regimen up to 24 h before stem cell infusion for suspected infec-
tions were included in the ATB arm, as well as patients on tri-
methoprim–sulfamethoxazole prophylaxis. Calcineurin based

inhibitor for GVHD prophylaxis was used in all patients starting
at day ¡1 and targeting therapeutic level (cyclosporine (CsA)
250–500 ng/mL and tacrolimus 10–15 ng/mL). Patients undergo-
ing myeloablative aHSCT received a standard combination
of CsA 2.25 mg/kg q 12 h starting at day 1 and methotrexate
15 mg/m2 IV day C1, and 10 mg/m2 at days C3, C6, and C11
in related transplant and of tacrolimus (0.0225 mg/kg IV daily
starting day ¡1) and methotrexate at the same dose in unrelated
donor transplants.

Patients undergoing non-myeloablative received a combina-
tion of CsA or tacrolimus with mofetyl mycophenolate 15 mg/
kg q 12 h in related and q 8 h in unrelated donor aHSCT. There
was no in vivo or ex vivo T-cell depletion.

Patient supportive care in both centers was protectively
isolated in reverse isolation rooms equipped with high
efficiency particulate air filtration systems.

Data collection and outcomes

Data extraction included: demographics, indication of aHCT,
type of aHCT, source of graft, conditioning regimen, and last
follow up visit or date of death for all patients. The primary
endpoint of this study was the development of a severe clinical
aGVHD grade >II and the organ involvement recorded by the
treating physician. aGVHD was diagnosed clinically and con-
firmed pathologically whenever possible and was classified
based on the Glucksberg classification. Intent to treat analysis
was used and antibiotics prescribed after the day of stem cell
infusion (day 0) were not included in the ATB group. Second-
ary end point was mortality at 1 y, OS and time to the last
follow-up that were recorded on hospital chart. The data for
the day C14 leukocyte count in absolute number were also
collected from the medical record.

The research and ethical boards of both institutions
approved this study.

Statistical analyses

Patient characteristics were summarized using median (IQR)
and contingency (percentage) tables for continuous and
categorical variables respectively. Inferential analyses were
conducted with Mann–Whitney U tests, Chi square, and Fisher
exact when appropriate.

Incidences in the GVHD grades were compared by ordinal
(aGVHD) or logistic regression for outcomes that did not meet
proportional assumptions.

Sensitivity analysis was performed on clinical parameters
(age, sex, graft origin: bone marrow vs peripheral stem cells,
donor type/match, and conditioning regimens) and no further
model of reduction was attempted. Of note, to decrease patient
characteristics variables reduced intensity and non-myeloabal-
tive transplantation were pooled together.

Forest plots for GI-GVHD, liver-GVHD, and OS were
depicted using odds ratio or hazard ratio, which were calculated
adjusting for all other clinical parameters than the one tested
and confidence intervals were censored at 1/10 and 10 and 1/3
and 5, respectively.

Survival time was defined as being from the time of graft
infusion to either the date of the last follow up or the date of
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death. Survival curves of both ATB and no ATB arms were
estimated by the Kaplan–Meier product-limit method and their
distributions were compared using Cox regression with
stratification by clinical centers (HMR/CHQ).

All statistical analyses were performed using the statistical
environment R 65.
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