
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Ying-Jun Chang,
Peking University People’s Hospital,
China

REVIEWED BY

Wenrong Huang,
People’s Liberation Army General
Hospital, China
Sizhou Feng,
Chinese Academy of Medical Sciences
& Peking Union Medical College,
China
Yicheng Zhang,
Huazhong University of Science and
Technology, China

*CORRESPONDENCE

Limin Liu
liminliu2006@163.com
Liansheng Zhang
zhanglsh@lzu.edu.cn
Depei Wu
wudepei@suda.edu.cn

†These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Alloimmunity and Transplantation,
a section of the journal
Frontiers in Immunology

RECEIVED 28 May 2022
ACCEPTED 18 August 2022

PUBLISHED 05 September 2022

CITATION

Liu L, Miao M, He H, Wang S, Zhang Y,
Guo A, Jiao W, Lei M, Cai Y,
Shangguan X, Liu Z, Xu J, Li X, Zhang L
and Wu D (2022) Severe aplastic
anemia patients with infection who
received an allogeneic hematopoietic
stem cell transplantation had a better
chance: Long-term outcomes of a
multicenter study.
Front. Immunol. 13:955095.
doi: 10.3389/fimmu.2022.955095

TYPE Original Research
PUBLISHED 05 September 2022

DOI 10.3389/fimmu.2022.955095
Severe aplastic anemia patients
with infection who received an
allogeneic hematopoietic stem
cell transplantation had a better
chance: Long-term outcomes
of a multicenter study

Limin Liu1*†, Miao Miao1†, Hailong He2†, Shunqing Wang3,
Yanming Zhang4, Ailian Guo2, Wenjing Jiao5, Meiqing Lei6,
Yifeng Cai7, Xiaohui Shangguan8, Zefa Liu9, Jinge Xu10,
Xiaoli Li11, Liansheng Zhang12* and Depei Wu1*

1National Clinical Research Center for Hematologic Diseases, Jiangsu Institute of Hematology, The
First Affiliated Hospital of Soochow University, Suzhou, China, 2Department of Hematology,
Children’s Hospital of Soochow University, Suzhou, China, 3Department of Hematology,
Guangzhou First People’s Hospital, Guangzhou Medical University, Guangzhou, China,
4Department of Hematology, The Affiliated Huai’an Hospital of Xuzhou Medical University and The
Second People’s Hospital of Huai’an, Huai’an, China, 5Department of Hematology, Xian Yang
Central Hospital, Xianyang, China, 6Department of Hematology in Haikou Municipal People’s
Hospital, Affiliated Haikou Hospital, Haikou, China, 7Department of Hematology, The Affiliated
Hospital of Nantong University, Nantong, China, 8Department of Hematology, Longyan First
Hospital, Affiliated to Fujian Medical University, Longyan, China, 9Department of Hematology,
People Hospital of Xinghua, Xinghua, China, 10Department of Hematology, The Second Affiliated
Hospital of Xuzhou Medical University, Xuzhou, China, 11Department of Hematology, Soochow
Hopes Hematonosis Hospital, Suzhou, China, 12Department of Hematology, The Second Hospital
of Lanzhou University, Lanzhou, China
Background and aims: How to select the treatment is a challenge for the

management of acquired patients with infections. This study aimed at

comparing the outcomes of SAA with infections who had an allogeneic

hematopoietic stem cell transplantation (allo-HSCT)with that of patients who

had an infection and received non-HSCT therapy.

Methods: We retrospectively compared the outcomes of patients with

acquired SAA and infections who had an allo-HSCT (n = 141) with that of

patients who had an infection and received non-HSCT therapy (n = 186)

between July 2004 and January 2020.

Results: The treatment-related mortality (TRM) of grade 1-2 infections in the

HSCT and non-HSCT groups was 24.99% and 13.68%, respectively (P = 0.206),

while the TRM of grade 3-4 infections was lower in the HSCT group than that

observed in the non-HSCT group (18.54% vs. 33.33%, P = 0.036). At 6 months

post-treatment, 91.30% patients in the HSCT group and 8.78% patients in the

non-HSCT group had achieved a normal blood profile (P < 0.0001). The time

required to discontinue transfusions of red blood cells and platelets in the non-
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HSCT group was longer than in the HSCT group (P < 0.0001). Estimated overall

survival (OS) at 6 years was similar in the two groups (75.5% ± 3.9% vs. 76.3% ±

3.1%, P = 0.996), while the estimated failure-free survival (FFS) at 6 years was

75.2% ± 3.8% in the HSCT group and 48.9% ± 3.7% in the non-HSCT group (P <

0.0001). Multivariate analysis showed that younger age, lower grade of

infection (grade 1-2), and SAA (vs. very SAA) were favorable factors for OS

(P < 0.05), and that the choice of HSCT and younger age were favorable factors

for FFS (P < 0.0001).

Conclusion: These results suggest that allo-HSCT has a better chance of a

successful outcome than non-HSCT in SAA patients with an infection.
KEYWORDS

Severe aplastic anemia, infection, allogeneic hematopoietic stem cell transplantation,
therapy, results
Introduction

Severe aplastic anemia (SAA) is a life-threatening bone

marrow disorder characterized by peripheral blood

pancytopenia and a hypocellular marrow (1–3). In Europe and

North America, the annual incidence of acquired aplastic

anemia is approximately 2–3 cases per million individuals,

although this figure is higher in East Asia (4). If left untreated,

SAA is almost always fatal, with infections and/or hemorrhagic

complications being the major causes of death (5). The standard

specific treatment for a newly diagnosed patient with SAA is

either allogeneic hematopoietic stem cell transplantation (allo-

HSCT) from an HLA-matched related donor (MRD) or

immunosuppressive therapy (IST) using a combination of

anti-thymocyte immunoglobulin (ATG) and ciclosporin A

(CsA). These two treatment options have resulted in improved

long-term survival in SAA patients (4, 5). However, there are still

many challenges in the management of these patients such as

how to select a specific treatment in the presence of

active infection?

The risk of infection is determined by the neutrophil numbers

and function of a patient, and therefore patients with SAA are at

risk of bacterial and fungal infections (6, 7). These infections have

a very high mortality in SAA patients because of their prolonged

periods of severe neutropenia (4). For SAA patients, attaining

early neutrophil recovery is very important. Before a specific

treatment is administered, it is essential to ensure that the

patient does not have an active infection (4). It is dangerous to

give ATG in the presence of an infection because they are an

established adverse factor for outcomes and should be treated

before starting IST (4, 8). However, in some cases it may be
02
necessary to proceed with HSCT in the presence of an active

infection because this therapy offers the best chance of early

neutrophil recovery, while delaying the transplant may risk

progression of the infection (8). HSCT in SAA patients with an

infection is therefore regarded as “salvage therapy” or “salvage

transplant”. Although allo-HSCT from an MRD is the preferred

treatment, fewer than 30% of patients who require an allo-HSCT

have an MRD (9, 10). For HSCT involving an unrelated donor

(URD) it may take longer to identify a suitable donor.

Haploidentical family donors HSCT (HID-HSCT) are available

without delay, and as a result HID-HSCT has greatly increased as

a treatment for SAA (11–16). It has been reported that patients

who had a HID-HSCT as initial therapy had similar primary

engraftment and survival outcomes to that observed in SAA

patients who received MRD-HSCT (17). In China, alternative

donor HSCT is recommended for newly diagnosed young SAA

patients without an MRD (18).

As there are only a small number of studies that have

investigated the outcomes of SAA patients with an infection

who received an allo-HSCT, we are concerned about the

mortality and graft failure in these patients. Xu et al. studied

65 SAA patients with an infection who received an allo-HSCT

and reported encouraging results (19). However, this study did

not investigate the outcomes of SAA patients with an infection

who proceeded to an allo-HSCT compared with those who

received non-transplantation therapy. The multicenter study

described in this paper retrospectively reviewed 141 SAA

patients with an infection who had an allo-HSCT as “first-line

salvage therapy” and compared their results with 186 SAA

patients with an infection who received non-transplantation

therapy during the same time period.
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Patients and methods

Patients

Between July 2004 and January 2020, 327 consecutive

newly-diagnosed patients with SAA with an infection were

enrolled in the study. The inclusion criteria for the study were:

diagnosis and management of SAA or very SAA (VSAA) as

defined by the guidelines (4); patients were younger than 65

years old; HSCT or non-transplantation treatment as an initial

treatment; transfusion dependence (a hemoglobin < 60 × g/l or

a platelet count of < 20 × 109/l); the patients pressed for HSCT

or non-transplantation treatment; and absence of severe liver,

kidney, lung, and heart diseases. No patient enrolled in the

study had a history of viral infection or exposure to drugs or

other toxic agents. The exclusion criteria were: patients who

were pregnant, diagnosed with other immunological diseases

or had a positive test for myelodysplastic syndrome (MDS)

based on bone marrow analyses. The mitomycin C-induced

chromosomal breakage test was performed to exclude Fanconi

anemia. Bone marrow cytogenetic analyses were performed in

all the patients. Paroxysmal nocturnal hemoglobinuria (PNH)

screening was performed in all patients by flow cytometry

using anti-CD55 and anti-CD59 antibodies. For treatment

of infections, empiric antibacterial agents such as piperacillin

tazobactam, third-generation cephalosporins or carbapenems)

were administered (20). If the fever persisted for more than

three days, combined application of agents against gram-

positive bacteria (vancomycin, linezolid, or teicoplanin)

was considered (20). If fever persisted (4-7days) despite

adequate antibacterial therapy, an antifungal therapy agent

(amphotericin B, intravenous voriconazole, or caspofungin)

was initiated (8, 20). If patients had a microbiologically

documented infection, their therapy was modified according

to susceptibility testing. All patients and donors provided

written, informed consent for this treatment protocol. The

patients provided written informed consent to participate in

this study (if patients were younger than 18 years old, the

consent was got from their parents).
HLA typing and donor selection

HLA-A, -B, -C, DRB1, and -DQB1 typing of the recipients

was performed. The donors were selected based on HLA typing,

age, gender, health conditions, and willingness to donate. MRDs

were the first-choice treatment. When an MRD was unavailable,

alternative donors (unrelated donors (UDs), haploidentical

donors, or unrelated umbilical cord blood (UCB) donors)

were selected.
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Treatment protocol for HSCT

Patients with an MRD and UCB donors were treated

according to the FLU/CY-based regimen which consisted of the

following: Fludarabine (FLU), 30 mg/m2/day intravenously (i.v.)

on day −7 to −2; cyclophosphoramide (CY), 50 mg/kg/day i.v. on

day −4 to −3; and antithymocyte immunoglobulin (ATG, rabbit,

Thymoglobuline®, Genzyme, Cambridge, MA, USA), 2.5 mg/kg/

day i.v. on day −8 to −4, or antilymphocyte immunoglobulin

(ALG, porcine,Wuhan Institute of Biological Products, China), 20

mg/kg/day i.v. on day −8 to −4, or anti-thymocyte globulin of

Fresenius (ATG-F), 5 mg/kg/day i.v. on day −8 to −4. Patients

with UDs or haploidentical donors were treated according to the

BU/CY-based regimen which consisted of the following: Busulfan

(Bu), 3.2 mg/kg/day i.v. on day −7 and −6; CY, 50 mg/kg/day i.v.

on day −5 to −2; and ATG, 2.5 mg/kg/day i.v. on day −5 to −2, or

ALG, 20 mg/kg/day i.v. on day −5 to −2, or anti-thymocyte

globulin of Fresenius (ATG-F), 5 mg/kg/day i.v. on day −5 to −2.

The details of the stem cell mobilization, graft collection and

infusion, graft versus host disease (GVHD) prophylaxis and

treatment strategy, supportive care, and post-transplantation

surveillance are consistent with those described in our previous

papers (16, 21).
Treatment protocol of non-HSCT

The patients with infection who had no fit donors or refused

to undergo HSCT or could not receive HSCT were treated with

anti-infection and supportive care therapy. This therapy was

carried out in sterile rooms with strict reverse isolation from the

beginning of therapy. After the infection was controlled, IST was

started as follows: rabbit ATG (rATG) 3.5 mg/kg/day or porcine

antihuman lymphocyte immunoglobulin (pALG) 30 mg/kg/day

from day 1 to day 5, plus oral CsA treatment (3–5mg/kg/day, with

dose adjustments to achieve a whole-blood trough level of 200–

250 ng/ml for adults and 150–200 ng/ml for children) or oral CsA

alone. All the patients were treated with 5 mg/kg/day G-CSF SQ,

with the dose of G-CSF decreased or stopped when the neutrophil

count ≥ 2.0 × 109/l (22).
Definitions

After HSCT, the first time that the absolute neutrophil count

(ANC) exceeded 0.5 × 109/l for three consecutive days was defined

as neutrophil engraftment. The first time the platelet count was >

20 × 109/l without transfusion support for seven consecutive days

was defined as platelet engraftment. Primary graft failure (GF) was

defined as failure to achieve neutrophil engraftment after HSCT

until day +28, while secondary graft failure was defined as the
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absence of graft function after achievement of initial full

engraftment (23). Delayed platelet recovery was defined as

platelet engraftment > 30 days (4).

A complete response (CR) was defined as transfusion

independence associated with a hemoglobin level normal for

age, a neutrophil count of > 1.5 × 109/l, and a platelet count

of > 150 × 109/l. A partial response (PR) was defined as no longer

meeting the criteria for SAA and no transfusion dependence for

platelets or red blood cells. Transfusion dependence was classified

as no response (NR) (4). Patients who died within 90 days of CsA

or patients who underwent HSCT prior to 6 months were

considered as non-responders (4, 24). Relapse was defined as

the recurrence of disease.

Death without disease progression was defined as treatment-

related mortality (TRM). Early mortality was defined as death

within the first 60 days after HSCT or IST treatment. Failure-free

survival (FFS) was defined as survival with a response. Death, no

response by 6 months, disease progression requiring clinical

intervention, and relapse were considered treatment failures for

CsA, while death, engraftment failure, graft rejection, and relapse

were considered treatment failures for HSCT. Infection was

assessed per the NIH’s Common Toxicity Criteria for Adverse

Events (CTCAE), Version 4.0 (25).
Statistical analysis

The statistical analyses were conducted on data available from

the date of treatment to the final date of patient follow-up (July 31,

2021). The patient characteristics were compared using the chi-

square test and the nonparametric test for continuous variables.

Fisher’s exact test was used when the number of subjects was less

than 5 in any group. Based on clinical significance from previous

evidence, we enrolled age, gender, grade of infection, treatment

(HSCT or non-HSCT), and disease severity in the univariate

analysis. The cumulative incidences of GVHD were estimated

using the competing risk model, with death as the competing

event. The probabilities of OS and FFS were estimated from the

time of treatment using the Kaplan–Meier method, with

comparisons of the different patient groups carried out using

the log-rank test. For multivariate analysis, the Cox proportional

hazard regression model was used to analyze OS and FFS. The

statistical analyses were performed using SPSS version 22.0 (SPSS,

Chicago, IL, U.S.A). All P values were two-sided and the results

were considered statistically significant when P < 0.05.
Results

Patient characteristics

A total of 327 patients were enrolled in the study. Of these,

141 (43.12%) patients were enrolled in the HSCT group and 186
Frontiers in Immunology 04
(56.88%) in the non-HSCT group. The characteristics of the

patients and donors are shown in Tables 1 and Table 2,

respectively. There were no differences between the two groups

for age and presence of the PNH clone (P > 0.05). The HSCT

group had a higher proportion of males, VSAA and grade 3

infections than that observed in the non-HSCT group (P < 0.05),

while the rate of grade 1 infection was lower in the HSCT group

than in the non-HSCT group (P = 0.014).
Outcomes of HSCT

In the HSCT group, 129 of the 141 patients survived for

more than 28 days, with a median mononuclear cell dose in the

grafts of 10.90 (range, 0.23–26.01) × 108/kg and a CD34+ cell

dose of 4.23 (range, 0.15–11.00) × 106/kg. Fifteen patients had

an early death. Of the evaluable 133 patients, three patients

experienced primary graft failure, while the remaining 130

patients achieved successful donor engraftment, although two

patients experienced a secondary GF. Seven patients

experienced GF of platelets and nine patients experienced

delayed platelet engraftment. The median time to neutrophil

engraftment was 11 days (range, 7–22), while the median time

to platelet engraftment was 14 days (range, 7–101). The median

time taken for the neutrophil count to reach ≥ l × 109/l was 14

days (range, 10–27) and to discontinue the transfusion of RBCs

and platelets was 22 days (range, 11–41) and 14 days (range, 7–

101), respectively. Six months after HSCT, 105 of the 115

evaluable patients (91.30%) had achieved a normal blood

profile (Table 1).

The cumulative incidence on day +100 of grades II to IV

acute GVHD (aGVHD) was 24.27%, and for grades III and IV

aGVHD was 7.41% (Figure 1A). The cumulative incidence of

chronic GVHD (cGVHD) was 37.40%, while the cumulative

incidence of moderate–severe cGVHD was 11.34% (Figure 1B).

The cumulative incidence on day +100 of grades II to IV

aGVHD in MRD-HSCT, URD-HSCT and HID-HSCT was

9.09%%, 25.00%, 31.58%; grades III and IV aGVHD was

2.33%, 8.33%, 10.53%. The cumulative incidence of cGVHD in

MRD-HSCT, URD-HSCT and HID-HSCT was 21.76%, 40.00%,

47.69%%; the cumulative incidence of moderate–severe cGVHD

was 11.08%, 11.11%, 13.85%.
Outcomes of non-HSCT

Twenty-six patients experienced early death because of an

infection, 97 patients received ATG/ALG + CsA treatment, and

59 patients received CsA treatment after the infection was

controlled. The response to IST at 6 months showed 83 of the

148 evaluable patients (56.08%) improved with first-line IST

and achieved either a complete response (n = 13, 8.78%) or

partial response (n = 70, 47.30%). All these patients achieved
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TABLE 1 Characteristics of SAA patients and clinical outcomes after treatment.

Variable HSCT (n=141) Non-HSCT (n=186) p-Value

Clinical characteristics

Median age, years (range) 26 (1–58) 12 (1–65) 0.002

Gender (male/female) 90/51 95/91 0.021

Disease and status at therapy, no. (%) <0.001

SAA 54 (38.30) 113 (60.75)

VSAA 87 (61.70) 73 (39.25)

SAA with PNH clone, no. (%) 5 (3.55) 1 (0.54) 0.111

ECOG score, median (range) 2 (1–3) 2 (1–3) 0.476

Median time from diagnosis to treatment, months (range) 1 (0.5–6) 1 (0.2–4) 0.251

Infection, no. (%)

Pulmonary infections 87 (61.70) 74 (39.78) <0.001

Septicemia 27 (19.15) 33 (17.74) 0.745

Febrile neutropenia 17 (12.06) 21 (11.29) 0.830

Soft tissue infection 24 (17.02) 17 (9.14) 0.033

Upper respiratory tract infection 5 (3.55) 36 (19.35) <0.0001

Anal infection 2 (1.42) 7 (3.76) 0.346

Intestinal infection 2 (1.42) 13 (6.99) 0.017

Viremia 2 (1.42) 2 (1.08) 1.000

Intra-abdominal 0 (0.00) 2 (1.08) 0.508

Urinary tract infection 0 (0.00) 3 (1.61) 0.353

Sinusitis 2 (1.42) 2 (1.08) 1.000

Grade 1 20 (14.18) 48 (25.81) 0.010

Grade 2 35 (24.82) 47 (25.27) 0.927

Grade 3 81 (57.45) 77 (41.40) 0.004

Grade 4 5 (3.55) 14 (7.53) 0.128

Bacteria 52 (36.88) 71 (38.17) 0.811

Fungus 8 (5.67) 13 (6.99) 0.649

Virus 2 (1.42) 2 (1.08) 1.000

Uncertainty 79 (56.03) 100 (53.77) 0.684

Response to antibiotic treatment before HSCT or IST

Control 32 (22.70) 156 (83.87) <0.0001

Stable 102 (72.34) 0 (0.00) <0.0001

Death 7 (4.96) 30 (16.13) 0.002

IST after the infection was controlled

ATG/ALG + CsA – 96 (51.61) –

CsA – 60 (32.26) –

Median neutrophil count to reach ≥ l × 109/L, days (range) 14 (10–27) 38 (2–84) <0.0001

Median time no transfusion dependence for RBC, days (range) 22 (11–41) 72 (2–297) <0.0001

Median time no transfusion dependence for plts, days (range) 14 (7–101) 69 (0–314) <0.0001

Patients with normal blood routine at 6 months, no. (%) 105 (91.30) 13 (8.78) <0.0001

Early death, no. (%) 15 (10.64) 26 (13.98) 0.366

Relapse, no. (%) 0 (0.00) 4 (4.82) 0.045

Secondary clonal disease, no. (%) 1 (0.71) 2 (1.08) 1.000

Causes of death, no. (%)

Secondary graft failure 1 (3.23) – –

GVHD 7 (22.58) – –

Infection 19 (61.29) 29 (77.78) 0.317

Hemorrhage 0 (0.00) 11 (22.22) 0.004

(Continued)
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transfusion independence. The median time taken for the

neutrophil count to reach ≥ l × 109/l for three consecutive

days was 38 days (range, 2–84). The median times required to

discontinue the transfusion of RBC and platelets were 72 days

(range, 2–297) and 69 days (range, 0–314), respectively. These

were longer than those observed in the HSCT group (P <

0.0001). Six months after treatment, 13 patients (8.78%) had

achieved normal blood profiles (Table 1).

During follow-up, 4 cases showed NR at 6 months and

therefore received salvage HSCT from either a MRD (n = 1), a

haploidentical family donor (n = 2), or an UD (n = 1).
Treatment-related mortality, relapse, and
secondary clonal disease

During the follow-up period, TRM in the HSCT and non-

HSCT groups was 21.13% and 23.27%, respectively (P = 0.464)

(Figure 1C). The TRM of grade 1-2 infections in the HSCT and

non-HSCT groups was 24.99% and 13.68%, respectively (P =

0.206) (Figure 1D), although for grade 3-4 infections the TRM in

the HSCT group was lower than that in the non-HSCT group

(18.54% vs. 33.33%, P = 0.036) (Figure 1E). No patient in the

HSCT group relapsed whereas 4 (4.82%) responders in the non-

HSCT group relapsed (P = 0.045). As shown in Table 1, one

(0.71%) patient in the HSCT group developed secondary clonal

disease (MDS), while in the non-HSCT group two (1.08%)

responders developed secondary clonal disease (one PNH, one

MDS) (P = 1.000).
Survival

As shown in Table 3, the estimated OS at 6 years in the

HSCT group and non-HSCT group was similar (P = 0.996)

(Figure 2A), while the estimated FFS at 6 years in the HSCT

group was higher than in the non-HSCT group (P < 0.0001)

(Figure 2B). For patients aged ≤ 14 years, the estimated OS at 6

years in the HSCT group and non-HSCT group was similar

(P = 0.519) (Figure 2C); the estimated FFS at 6 years in the
Frontiers in Immunology 06
HSCT group was higher than in the non-HSCT group (P =

0.006) (Figure 2D). For patients aged 15–39 years, there was no

significant difference in the estimated OS at 6 years between the

two groups (P = 0.058) (Figure 2E); the estimated FFS at 6

years in the HSCT group was higher than in the non-HSCT

group (P < 0.0001) (Figure 2F). For patients aged ≥ 40 years,

there was no significant difference in the estimated OS at 6

years between the two groups (P = 0.060) (Figure 2G); the

estimated FFS at 6 years in the HSCT group was higher than in

the non-HSCT group (P < 0.0001) (Figure 2H). For a grade 1-2

infection, there was no significant difference in the estimated

OS at 6 years between the two groups (P = 0.133) (Figure 2I);

the estimated FFS at 6 years in the HSCT group was higher

than in the non-HSCT group (P = 0.004) (Figure 2J). For a

grade 3-4 infection, there was no significant difference in the

estimated OS at 6 years between the two groups (P = 0.169)

(Figure 2K); the estimated FFS at 6 years in the HSCT group

wa s h i gh e r th an in t he non -HSCT g roup (P <

0.0001) (Figure 2L).

Before 2010, there were only 4 patients in the HSCT group

and 9 patients in the non-HSCT group. So we compared the

survival of the two groups from 2010 to 2015 and from 2016

to 2020. From 2010 to 2015, the estimated OS at 6 years

was 73.2% ± 5.0% in the HSCT group and 81.6% ± 3.5% in

the non-HSCT group (P = 0.203); the estimated FFS at 6 years

was 73.6% ± 5.0% in the HSCT group and 56.0% ± 4.4% in the

non-HSCT group (P = 0.007). From 2016 to 2020, the estimated

OS at 6 years was 80.7% ± 5.2% in the HSCT group and 65.4% ±

6.6% in the non-HSCT group (P = 0.094); the estimated FFS at 6

years was 78.9% ± 5.4% in the HSCT group and 36.5% ± 6.7% in

the non-HSCT group (P < 0.0001) (Figures S1A, B). In the

HSCT group, the estimated OS at 6 years was 80.0% ± 6.0% for

MRD-HSCT and 77.8% ± 4.7% for HID-HSCT (P = 0.948)

(Figure S1C), while the estimated FFS at 6 years was 76.7% ±

6.6% for MRD-HSCT and 76.8% ± 4.8% for HID-HSCT (P =

0.838) (Figure S1D).

Multivariate analysis showed younger age, a lower grade of

infection, and SAA (vs. VSAA) were favorable factors for OS

(P < 0.05), while the choice of HSCT and younger age were

favorable factors for FFS (P < 0.0001) (Table 4).
TABLE 1 Continued

Variable HSCT (n=141) Non-HSCT (n=186) p-Value

PTLD 2 (6.45) – –

Multiple organ failure 1 (3.23) 0 (0.00) 0.437

MDS 1 (3.23) 0 (0.00) 0.437

Median follow-up time among living patients, months (range) 72 (16–140) 92 (12–150) <0.0001
fron
HSCT, hematopoietic stem cell transplantation; SAA, severe aplastic anemia; VSAA, very severe aplastic anemia; PNH, paroxysmal nocturnal haemoglobinuria; ECOG, eastern cooperative
oncology group; IST, immunosuppressive therapy; ATG, anti-thymocyte immunoglobulin; ALG, antihuman lymphocyte immunoglobulin; CsA, ciclosporin A; RBC, red blood cell; GVHD,
graft versus host disease; PTLD, post-transplantation lymphoproliferative diseases; MDS, myelodysplastic syndrome.
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Discussion

Infections remain the main cause of death for patients with

SAA despite advances in IST (26). Treating SAA patients in the

presence of an active infection is a challenge because infections
Frontiers in Immunology 07
have a very high mortality in these patients as they have

prolonged periods of severe neutropenia. Attaining an early

neutrophil recovery is very important in SAA patients with an

infection, with the majority of patients not responding well to

therapy even after receiving antibacterial/antifungal agents and

G-CSF. Although IST using a combination of ATG and CsA

have helped SAA patients to expect a long-term survival it is

dangerous to administer IST in the presence of an infection and

therefore the infection should be treated before giving IST (8).

Otherwise, after IST the majority of responses for hematopoietic

recovery usually take more than 3 months (24). In some cases it

may be necessary to proceed with HSCT in the presence of an

active infection because the transplant offers the best chance of

early neutrophil recovery and delaying the transplant may risk

progression of the fungal infection (8, 26). However, the

presence of an infection is an adverse factor for outcome after

HSCT and currently there is no information on the outcomes of

SAA patients with an infection who receive an allo-HSCT

compared with those who have non-transplantation therapy.

There are reports that infection may increase the incidence

of graft rejection (24, 26). However, there were only few papers

reported the treatment results of SAA patients with an infection.

We were therefore concerned about mortality and graft failure

for an allo-HSCT during the treatment of infection in AA

patients. Xu et al. (19) reported the SAA patients with an

infection in the anti-infection complete response (CR) who

received an allo-HSCT had the similar outcomes with partial

response/stable disease (PR/SD). The results indicated that the

cumulative incidences of myeloid engraftment in the anti-

infection PR/SD (n = 51) group and the CR (n = 14) group

were 98% and 100%, respectively (P = 0.785). There were

comparable results for 3-year estimated OS (85.4% vs. 92.9%;

P = 0.530) and FFS (82.7% vs. 92.9%; P = 0.458) between the

2 groups. No differences were found in the cumulative

incidences of platelet engraftment (96.1% vs. 100%; P = 0.613),

grade II–IV aGVHD (23.5% vs. 14.3%; P = 0.466), grade III–IV

aGVHD (3.9% vs. 7.1%; P = 0.598), cGVHD (27.1% vs. 14.3%;

P = 0.358) or extensive cGVHD (4.1% vs. 0%; P = 0.442) between

the PR/SD and CR groups. In a previous study we observed no

difference in the median time for myeloid engraftment, median

time for platelet engraftment, early mortality, graft failure, and

survival between the infection and non-infection groups

following a SAA HSCT (P>0.05) (27). For SAA patients with

an infection, attaining early neutrophil recovery is very

important. These infections have a very high mortality in SAA

patients because of their prolonged periods of severe

neutropenia. For IST, it is essential to ensure that the patient

does not have an active infection. In the treatment period of

infections before IST, a lot of patients died. These results

indicated that allo-HSCT was a feasible therapeutic option for

SAA patients with an infection.

In the current study, multivariate analysis, younger age,

lighter grade of infection (grade 1-2), and SAA (vs. VSAA)
TABLE 2 Characteristics of SAA patients and donors in HSCT group.

Variable N=141

Donor median age, years (range) 30 (9–63)

Type of donor, n (%)

MRD 45 (31.91)

Haploidentical 78 (55.32)

UD 13 (9.22)

UCB 5 (3.55)

Donor–recipient sex match, non-UCB, no. (%)

Male–male 54 (38.30)

Male–female 21 (14.90)

Female–male 33 (23.40)

Female–female 28 (19.86)

Donor–recipient relationship, no. (%)

Mother–child 11 (7.80)

Father–child 27 (19.15)

Child–mother 6 (4.26)

Child–father 5 (3.55)

Siblings 74 (52.48)

Blood types of donor to recipient, non-UCB, no. (%)

Matched 63 (44.68)

Major mismatched 23 (16.31)

Minor mismatched 32 (22.70)

Major and minor mismatched 18 (12.77)

Donor–recipient sex match, UCB, no. (%)

Male–male 2 (1.42)

Male/female–female 2 (1.42)

Female–male 1 (0.71)

Blood types of donor to recipient, UCB, no. (%)

B–O 2 (1.42)

O–B 1 (0.71)

O/B–O 1 (0.71)

AB–AB 1 (0.71)

Source of graft, no. (%)

BM 3 (2.13)

PB 24 (17.02)

BM + PB 109 (77.30)

UCB 5 (3.55)

Incidences of infection after HSCT, no. (%)

Bacterial 66 (46.81)

Fungal 17 (12.06)

CMV viremia 49 (34.75)

EBV viremia 31 (21.99)
SAA, severe aplastic anemia; HSCT, hematopoietic stem cell transplantation; MRD,
matched related donor; UD, unrelated donor; UCB, unrelated cord blood; BM, bone
marrow; PB, peripheral blood; MNC, mononuclear cell; CMV, cytomegalovirus; EBV,
Epstein– Barr virus.
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were favorable factors for OS (P < 0.05), while the choice of

HSCT was a favorable factor for FFS (P < 0.0001). In the HSCT

group, the rates of VSAA and grade 3 infection were higher (P <

0.05) and the rate of grade 1 infection lower (P = 0.010) than in

the non-HSCT group. Although the HSCT group had

unfavorable factors, the patients in this group achieved a

similar 6-year OS and better 6-year FFS than that observed in

the non-HSCT group. Taken together, these results indicate that

HSCT achieves better results than non-HSCT treatment,

especially in older patients and those with a more serious

grade of infection.

Although an allo-HSCT from a HLA-identical sibling donor

is the preferred initial treatment, fewer patients who required an

allo-HSCT had a MRD, and therefore a HID-HSCT was carried

out as a donor was available without delay. In this study, we

found that patients who underwent HID-HSCT as initial

therapy had similar OS and FFS to SAA patients who received

a MRD-HSCT. A HID-HSCT should therefore be considered for
Frontiers in Immunology 08
SAA patients with an infection without an MRD because a HID-

HSCT has the advantage of a donor being available without

delay. Fortunately, eltrombopag (EPAG), an oral synthetic

small-molecule thrombopoietin receptor agonist, was found to

be effective in SAA patients (28, 29). Subsequent studies reported

that combination therapy of IST and EPAG (IST+EPAG)

achieved encouraging results in newly diagnosed SAA patients

(30). The efficacy of IST in combination with eltrombopag for

SAA patients with infection should be addressed in the future.

In conclusion, the encouraging results obtained in this study

suggest that (i) SAA patients with infection who receive an allo-

HSCT obtain better results than that observed with non-HSCT

treatment, especially in older patients and those with a serious

grade of infection; (ii) the speed of efficacy in the allo-HSCT

group was faster than in the non-HSCT group. However, it is

important to note that our study was limited by its retrospective

design. The center effect should be considered in the present

study. Although the identical inclusion and exclusion criteria of
B C D EA

FIGURE 1

The cumulative incidence of graft versus host disease (GVHD) and treatment-related mortality (TRM). (A) In the allo-HSCT group, the cumulative
incidence of grades II to IV acute GVHD (aGVHD) on day +100 was 24.27%, and the cumulative incidence of grades III and IV aGVHD on day
+100 was 7.41%. (B) The cumulative incidence of chronic GVHD (cGVHD) was 37.40%, and the cumulative incidence of moderate–severe
cGVHD was 11.34%. (C) During the follow-up period, TRM in the HSCT and non-HSCT groups was 21.13% and 23.27%, respectively (P = 0.464).
(D) The TRM of grade 1-2 infection in the HSCT and non-HSCT groups was 24.99% and 13.68%, respectively (P = 0.206). (E) The TRM of grade
3-4 infection in the HSCT group was lower than non-HSCT group (18.54% vs. 33.33%, P = 0.036).
TABLE 3 OS and FFS of SAA patients in HSCT group and non-HSCT group.

Variable HSCT Non-HSCT p-Value

The estimated OS at 6 years 75.5% ± 3.9% 76.3% ± 3.1% 0.996

The estimated FFS at 6 years 75.2% ± 3.8% 48.9% ± 3.7% < 0.0001

The estimated OS at 6 years for patients aged ≤ 14 years 93.3% ± 4.6% 96.0% ± 2.0% 0.519

The estimated FFS at 6 years for patients aged ≤ 14 years 93.3% ± 4.6% 68.0% ± 4.7% 0.006

The estimated OS at 6 years for patients aged 15-39 years 69.2% ± 5.4% 53.7% ± 7.8% 0.058

The estimated FFS at 6 years for patients aged 15-39 years 68.6% ± 5.2% 29.3% ± 7.1% < 0.0001

The estimated OS at 6 years for patients aged ≥ 40 years 76.0% ± 8.5% 53.3% ± 7.4% 0.060

The estimated FFS at 6 years for patients aged ≥ 40 years 76.0% ± 8.5% 24.4% ± 6.4% < 0.0001

The estimated OS at 6 years for grade 1-2 infection 73.6% ± 6.8% 86.3% ± 3.5% 0.133

The estimated FFS at 6 years for grade 1-2 infection 72.5% ± 6.5% 51.6% ± 5.1% 0.004

The estimated OS at 6 years for grade 3-4 infection 76.7% ± 4.6% 65.9% ± 5.0% 0.169

The estimated FFS at 6 years for grade 3-4 infection 76.7% ± 4.6% 46.2% ± 5.2% < 0.0001
fron
OS, overall survival; FFS, failure-free survival; SAA, severe aplastic anemia; HSCT, hematopoietic stem cell transplantation.
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FIGURE 2

Patient overall survival (OS) and failure-free survival (FFS), as assessed using Kaplan-Meier analysis. (A) The estimated OS at 6 years was 75.5% ±
3.9% in the HSCT group and 76.3% ± 3.1% in the non-HSCT group (P = 0.996). (B) The estimated FFS at 6 years was 75.2% ± 3.8% in the HSCT
group and 48.9% ± 3.7% in the non-HSCT group (P < 0.0001). (C) For patients aged ≤ 14 years, the estimated OS at 6 years was 93.3% ± 4.6% in
the HSCT group and 96.0% ± 2.0% in the non-HSCT group (P = 0.519). (D) For patients aged ≤ 14 years, the estimated FFS at 6 years was 93.3%
± 4.6% in the HSCT group and 68.0% ± 4.7% in the non-HSCT group (P = 0.006). (E) For patients aged 15–39 years, the estimated OS at 6 years
was 69.2% ± 5.4% in the HSCT group and 53.7% ± 7.8% in the non-HSCT group (P = 0.058). (F) For patients aged 15–39 years, the estimated
FFS at 6 years was 68.6% ± 5.2% in the HSCT group and 29.3% ± 7.1% in the non-HSCT group (P < 0.0001). (G) For patients aged ≥ 40 years, the
estimated OS at 6 years was 76.0% ± 8.5% in the HSCT group and 53.3% ± 7.4% in the non-HSCT group (P = 0.060). (H) For patients aged ≥ 40
years, the estimated FFS at 6 years was 76.0% ± 8.5% in the HSCT group and 24.4% ± 6.4% in the non-HSCT group (P < 0.0001). (I) For grade 1-
2 infection, the estimated OS at 6 years was 73.6% ± 6.8% in the HSCT group and 86.3% ± 3.5% in the non-HSCT group (P = 0.133). (J) For
grade 1-2 infection, the estimated FFS at 6 years was 72.5% ± 6.5% in the HSCT group and 51.6% ± 5.1% in the non-HSCT group (P = 0.004).
(K) For grade 3-4 infection, the estimated OS at 6 years was 76.7% ± 4.6% in the HSCT group and 65.9% ± 5.0% in the non-HSCT group (P =
0.169). (L) For grade 3-4 infection, the estimated FFS at 6 years was 76.7% ± 4.6% in the HSCT group and 46.2% ± 5.2% in the non-HSCT group
(P < 0.0001).
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patients, there may still be some variation in different centers.

Further well-designed, prospective, controlled multicenter

cooperative studies are therefore needed to validate our results

and to confirm the superiority of this approach.
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TABLE 4 Multivariate analysis of favorable factors associated with OS and FFS.

Outcome Hazard ratio 95% CI P

OS

HSCT 0.786 0.493–1.253 0.312

Age 2.356 1.461–3.799 <0.001

Grade of infection 1.971 1.216–3.195 0.006

SAA (vs. VSAA) 1.785 1.107–2.877 0.017

FFS

HSCT 0.426 0.284–0.638 <0.0001

Age 1.719 1.173–2.519 0.005

Grade of infection 1.144 0.801–1.634 0.460

SAA (vs. VSAA) 1.014 0.708–1.453 0.939
frontie
OS, overall survival; FFS, failure-free survival; HSCT, hematopoietic stem cell transplantation; SAA, severe aplastic anemia; VSAA, very severe aplastic anemia.
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SUPPLEMENTARY FIGURE 1

Patient overall survival (OS) and failure-free survival (FFS), as assessed

using Kaplan-Meier analysis. (A) From 2010 to 2015, the estimated OS at 6
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years was 73.2% ± 5.0% in the HSCT group and 81.6% ± 3.5% in the non-
HSCT group (P = 0.203); from 2016 to 2020, the estimated OS at 6 years

was 80.7% ± 5.2% in the HSCT group and 65.4% ± 6.6% in the non-HSCT
group (P = 0.094). (B) From 2010 to 2015, the estimated FFS at 6 years was

73.6% ± 5.0% in the HSCT group and 56.0% ± 4.4% in the non-HSCT
group (P = 0.007); from 2016 to 2020, the estimated FFS at 6 years was

78.9% ± 5.4% in the HSCT group and 36.5% ± 6.7% in the non-HSCT group
(P < 0.0001). (C) In the HSCT group, the estimated OS at 6 years was

80.0% ± 6.0% for MRD-HSCT and 77.8% ± 4.7% for HID-HSCT (P = 0.948).

(D) In the HSCT group, he estimated FFS at 6 years was 76.7% ± 6.6% for
MRD-HSCT and 76.8% ± 4.8% for HID-HSCT (P = 0.838).
References
1. Brodsky RA, Jones RJ. Aplastic anemia. Lancet (2005) 365:1647–56. doi:
10.1016/S0140-6736(05)66515-4

2. Young NS. Acquired aplastic anemia. Ann Intern Med (2002) 136:534–46.
doi: 10.7326/0003-4819-136-7-200204020-00011

3. Kosaka Y, Yagasaki H, Sano K, Kobayashi R, Ayukawa H, Kaneko T, et al.
Prospective multicenter trial comparing repeated immunosuppressive therapy with
stem-cell transplantation from an alternative donor as second-line treatment for
children with severe and very severe aplastic anemia. Blood (2008) 111:1054–9. doi:
10.1182/blood-2007-08-099168

4. Killick SB, Bown N, Cavenagh J, Dokal I, Foukaneli T, Hill A, et al. Guidelines
for the diagnosis and management of adult aplastic anaemia. Br J Haematol (2016)
172:187–207. doi: 10.1111/bjh.13853

5. Scheinberg P. Aplastic anemia: Therapeutic updates in immunosuppression
and transplantation. hematology. Am Soc Hematol Educ Program (2012),
2012:292–300. doi: 10.1182/asheducation.V2012.1.292.3798310

6. Keidan AJ, Tsatalas C, Cohen J, Cousins S, Gordon-Smith EC. Infective
complications of aplastic anaemia. Br J Haematol (1986) 63:503–8. doi: 10.1111/
j.1365-2141.1986.tb07527.x

7. Valdez JM, Scheinberg P, Young NS, Walsh TJ. Infections in patients with
aplast ic anemia. Semin Hematol (2009) 46:269–76. doi : 10.1053/
j.seminhematol.2009.03.008

8. Marsh JC, Ball SE, Cavenagh J, Darbyshire P, Dokal I, Gordon-Smith EC,
et al. Guidelines for the diagnosis and management of aplastic anaemia. Br J
Haematol (2009) 147:43–70. doi: 10.1111/j.1365-2141.2009.07842.x

9. Wu Y, Cao Y, Li X, Xu L, Wang Z, Liu P, et al. Cotransplantation of
haploidentical hematopoietic and umbilical cord mesenchymal stem cells for severe
aplastic anemia: Successful engraftment and mild GVHD. Stem Cell Res (2014)
12:132–8. doi: 10.1016/j.scr.2013.10.001

10. Socie G. Allogeneic BM transplantation for the treatment of aplastic anemia:
current results and expanding donor possibilities. Hematol Am Soc Hematol Educ
Program (2013), 2013:82–6. doi: 10.1182/asheducation-2013.1.82

11. Bacigalupo A, Giammarco S. Haploidentical donor transplants for severe
aplast ic anemia. Semin Hematol (2019) 56:190–3. doi : 10 .1053/
j.seminhematol.2019.03.004

12. Im HJ, Koh KN, Choi ES, Jang S, Kwon SW, Park CJ, et al. Excellent
outcome of haploidentical hematopoietic stem cell transplantation in children and
adolescents with acquired severe aplastic anemia. Biol Blood Marrow Transplant
(2013) 19:754–9. doi: 10.1016/j.bbmt.2013.01.023

13. Gao L, Li Y, Zhang Y, Chen X, Gao L, Zhang C, et al. Long-term outcome of
HLA-haploidentical hematopoietic SCT without in vitro T-cell depletion for adult
severe aplastic anemia after modified conditioning and supportive therapy. Bone
Marrow Transplant (2014) 49:519–24. doi: 10.1038/bmt.2013.224

14. Clay J, Kulasekararaj AG, Potter V, Grimaldi F, McLornan D, Raj K, et al.
Nonmyeloablative peripheral blood haploidentical stem cell transplantation for
refractory severe aplastic anemia. Biol Blood Marrow Transplant (2014) 20:1711–6.
doi: 10.1016/j.bbmt.2014.06.028

15. Esteves I, Bonfim C, Pasquini R, Funke V, Pereira NF, Rocha V, et al.
Haploidentical BMT and post-transplant cy for severe aplastic anemia: A
multicenter retrospective study. Bone Marrow Transplant (2015) 50:685–9. doi:
10.1038/bmt.2015.20

16. Xu LP, Wang SQ, Wu DP, Wang JM, Gao SJ, Jiang M, et al. Haplo-identical
transplantation for acquired severe aplastic anaemia in a multicentre prospective
study. Br J Haematol (2016) 175:265–74. doi: 10.1111/bjh.14225
17. Xu LP, Jin S, Wang SQ, Xia LH, Bai H, Gao SJ, et al. Upfront haploidentical
transplant for acquired severe aplastic anemia: Registrybased comparison with
matched related transplant. J Hematol Oncol (2017) 10:25. doi: 10.1186/s13045-
017-0398-y

18. Xu L, Chen H, Chen J, Han M, Huang H, Lai Y, et al. The consensus on
indications, conditioning regimen, and donor selection of allogeneic hematopoietic
cell transplantation for hematological diseases in China–recommendations from
the Chinese society of hematology. J Hematol Oncol (2018) 11:33. doi: 10.1186/
s13045-018-0564-x

19. Xu S, Wu L, Zhang Y, Mo W, Zhou M, Li Y, et al. Allogeneic hematopoietic
stem cell transplantation for the treatment of severe aplastic anemia patients with
infection: A single-center retrospective study. Biol Blood Marrow Transplant
(2018) 24:2532–9. doi: 10.1016/j.bbmt.2018.07.018

20. Chinese Society of Hematology, Chinese Medical Association. Chinese
Guidelines for the clinical application of antibacterial drugs for agranulocytosis
with fever (Chinese society of hematology, Chinese medical association). Zhonghua
Xue Ye Xue Za Zhi (2012) 33:693–6.

21. Liu L, Wang X, Jin S, Hao L, Zhang Y, Zhang X, et al. Haploidentical
hematopoietic stem cell transplantation for nonresponders to immunosuppressive
therapy against acquired severe aplastic anemia. Bone Marrow Transplant (2016)
51:424–7. doi: 10.1038/bmt.2015.249

22. Liu L, Zhang Y, JiaoW, Zhou H,Wang Q, Jin S, et al. Comparison of efficacy
and health related quality of life of first-line haploidentical hematopoietic stem cell
transplantation with unrelated cord blood infusion and first-l ine
immunosuppressive therapy for acquired severe aplastic anemia. Leukemia
(2020) 34:3359–69. doi: 10.1038/s41375-020-0933-7

23. Kharfan-Dabaja MA, Kumar A, Ayala E, Aljurf M, Nishihori T, Marsh R, et al.
Standardizing defifinitions of hematopoietic recovery, graft rejection, graft failure, poor
graft function, and donor chimerism in allogeneic hematopoietic cell transplantation: A
report on behalf of the American society for transplantation and cellular therapy.
Transplant Cell Ther (2021) 27:642–9. doi: 10.1016/j.jtct.2021.04.007

24. Afable MG2nd, Shaik M, Sugimoto Y, Elson P, Clemente M, Makishima H,
et al. Efficacy of rabbit anti-thymocyte globulin in severe aplastic anemia.
Haematologica (2011) 96:1269–75. doi: 10.3324/haematol.2011.042622

25. Chen AP, Setser A, Anadkat MJ, Cotliar J, Olsen EA, Garden BC, et al.
Grading dermatologic adverse events of cancer treatments: The common
terminology criteria for adverse events version 4.0. J Am Acad Dermatol (2012)
67:1025–39. doi: 10.1016/j.jaad.2012.02.010

26. Champlin RE, Horowitz MM, van Bekkum DW, Camitta BM, Elfenbein GE,
Gale RP, et al. Graft failure following bone marrow transplantation for severe
aplastic anemia: risk factors and treatment results. Blood (1989) 73:606–13. doi:
10.1182/blood.V73.2.606.606

27. Liu L, Miao M, Chen X, Zhang Y, Lei M, Li B, et al. Outcomes of severe
aplastic anemia patients with infection proceeding with allogeneic hematopoietic
stem cell transplantation, versus patients without infection. Bone Marrow
Transplant (2021) 56:2591–4. doi: 10.1038/s41409-021-01398-4

28. Buchbinder N, De Latour RP, De Fontbrune FS, Pochon C, Paillard C,
Gouache E, et al. Eltrombopag rescue for childhood severe acquired aplastic
anemia after poor response to immunosuppressive treatment: A nationwide
study on behalf of the French reference center for aplastic anemia. Blood (2018)
132:1305. doi: 10.1182/blood-2018-99-119900

29. Olnes MJ, Scheinberg P, Calvo KR, Desmond R, Tang Y, Dumitriu B, et al.
Eltrombopag and improved hematopoiesis in refractory aplastic anemia. N Engl J
Med (2012) 367(1):11–9. doi: 10.1056/NEJMoa1200931
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.955095/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.955095/full#supplementary-material
https://doi.org/10.1016/S0140-6736(05)66515-4
https://doi.org/10.7326/0003-4819-136-7-200204020-00011
https://doi.org/10.1182/blood-2007-08-099168
https://doi.org/10.1111/bjh.13853
https://doi.org/10.1182/asheducation.V2012.1.292.3798310
https://doi.org/10.1111/j.1365-2141.1986.tb07527.x
https://doi.org/10.1111/j.1365-2141.1986.tb07527.x
https://doi.org/10.1053/j.seminhematol.2009.03.008
https://doi.org/10.1053/j.seminhematol.2009.03.008
https://doi.org/10.1111/j.1365-2141.2009.07842.x
https://doi.org/10.1016/j.scr.2013.10.001
https://doi.org/10.1182/asheducation-2013.1.82
https://doi.org/10.1053/j.seminhematol.2019.03.004
https://doi.org/10.1053/j.seminhematol.2019.03.004
https://doi.org/10.1016/j.bbmt.2013.01.023
https://doi.org/10.1038/bmt.2013.224
https://doi.org/10.1016/j.bbmt.2014.06.028
https://doi.org/10.1038/bmt.2015.20
https://doi.org/10.1111/bjh.14225
https://doi.org/10.1186/s13045-017-0398-y
https://doi.org/10.1186/s13045-017-0398-y
https://doi.org/10.1186/s13045-018-0564-x
https://doi.org/10.1186/s13045-018-0564-x
https://doi.org/10.1016/j.bbmt.2018.07.018
https://doi.org/10.1038/bmt.2015.249
https://doi.org/10.1038/s41375-020-0933-7
https://doi.org/10.1016/j.jtct.2021.04.007
https://doi.org/10.3324/haematol.2011.042622
https://doi.org/10.1016/j.jaad.2012.02.010
https://doi.org/10.1182/blood.V73.2.606.606
https://doi.org/10.1038/s41409-021-01398-4
https://doi.org/10.1182/blood-2018-99-119900
https://doi.org/10.1056/NEJMoa1200931
https://doi.org/10.3389/fimmu.2022.955095
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liu et al. 10.3389/fimmu.2022.955095
30. Peffault de Latour R, Kulasekararaj A, Iacobelli S, Terwel RS, Cook R, Griffin
M, et al. Eltrombopag added to immunosuppression in severe aplastic anemia. N
Engl J Med (2022) 386(1):11–23. doi: 10.1056/NEJMoa2109965

COPYRIGHT

© 2022 Liu, Miao, He, Wang, Zhang, Guo, Jiao, Lei, Cai, Shangguan, Liu,
Xu, Li, Zhang and Wu. This is an open-access article distributed under the
Frontiers in Immunology 12
terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
frontiersin.org

https://doi.org/10.1056/NEJMoa2109965
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fimmu.2022.955095
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Severe aplastic anemia patients with infection who received an allogeneic hematopoietic stem cell transplantation had a better chance: Long-term outcomes of a multicenter study
	Introduction
	Patients and methods
	Patients
	HLA typing and donor selection
	Treatment protocol for HSCT
	Treatment protocol of non-HSCT
	Definitions
	Statistical analysis

	Results
	Patient characteristics
	Outcomes of HSCT
	Outcomes of non-HSCT
	Treatment-related mortality, relapse, and secondary clonal disease
	Survival

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


